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Copyright Reserved

For other symbols used see overleaf
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L 'rhxckness a Results many 00m! has I - 10
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Holst Soil Engineering Limited
Contract No
Location .t t .Haxtt AVBnUE. .‘
Client ......FEES“ Bom‘lflh CONN”
Method of Boring. .
Diameter of Borehole

BOREHOLE LOG

Chains}: A i .

SK 4% Ne 217
1471:: 364g

Shm..1..cft.l..

lovahole Not

2

Dink Thick"... TVDIDescr' ‘on of Strata a an I: 9’ rn.c. v n
“W Lu." 5.623.") Slug-(m) emu. KNl-qm an "A Kalcum

TOPSOIL 0 20 0 20

Very stiff red brown silty CLAY
with siltstone fragments 151 14 14.7 2155

Completely weathered red brawn
MARL wit-J1 bands of grey green
siltstone

138 20 12.1 2250

66 17 15.4 2043

Highly weathered red MARL Sofor
and SILTSTON'E 100m

Key
El Undistmbed Sample (6 Angle of Friction
0 Disturbed Sample m.e.Moiuure Content
A Water Sample v Bulk Density
1 Penetration Test N s.P.T. Value

cApparent Cohesion

Remarks (Observations of Ground Water etc.)

Borehole dry

Wam levlls in subject to susunal or lidai v on: ma mam not in hit-n n norm-m



Holst Soil Engineering Limited 3
Bonholo No.

8K ’43 NE 2|?
Comm No. SI.2467/F.3243 BQBEHOLE LOG 471‘ 3552.
Location... Shml...,of.1. ...................
client...Ex??{a.?b..?°r°“9h “mu Chdnaue .....
Method of Boring., . Gvaund Level .
Diamunr of Borehole .....159W]. .............. Data 5 - 11 -

, mum Thick».- Two'Dmrl Ion of sum as am a: 9’ m-
m w awn) sun-(m) 5.3:”. KNIfqm do: % “(gum "

TOPSOIL 0.25 0.25

Stiff red brown silty CLAY
with occasional siltstone bands

(weathered marl)

25 13. 3 2185

[0 23,1 2175

Highly weathered strong light
grey green fine grained
SILTSTONE

62

Kev
El Undisluzbed Sample ¢ Angle of Friction
0 Disturbed Sampll m.c.Moi:1uro Content
AWatsr Sample v Bulk Density
I Penetration Test N S.P.T.aue

lTiemarks (Observations of Gmund Wam etc.)

Borehole dry

c Apparent Cohesion wuov Invels are whim w saawrul in we! vlrillioni Ind shauld no: in takon ls conumt



Holst Soil Engineering Limited

Mnlmd ol Boring

243 BOREHOLE LOG ““3“ “‘74-722 36% l

Chlinage .....

luv-hale Nu.

Shml.‘.of.1, ....................

Diameter of Burehnle ...l.5°m ............... Date.....i..f4I-..1V1.:7l5, ............

. . Dem Thickn 7w. fi
Deecn Ion of sum Ind am I 0 me. v N

m u“ slum) Sim-(m) 5.3.... KNqm dun “A. Kolcum
um on. 6.20 0.20

c 1 1 th d a u ‘1‘ °-5°“P ete Y "ea .e“ re. s by L—M" as 15 15.7 2050
EARL with occasmnal dun » V
green siltstone bands ‘1‘—

v .
Tw—
ft: 1.50w
e .. 1.90 1.70 I 47, v

Highly weathered ted sandy I" ‘ ‘.' .
MARI. with bands of strong hard v 4

teen sandstone . :
g ' ‘ C. 218° Sofa:

‘1.— 3.00 1.10 CUM“

Key
D Undiswrbed Sample ¢ Angle of Fviction
0 Disturbed Sample mcoinure Contain
AWatar Sample v Bulk Density
1 Penetration Test N S.P.T.aue

Remarks (Observations of Ground Water etc.)

Borehole dry

cApparent Cohesion w-m me!- we wbiecx u: wasolul or «a! "union: m1 mould run he mm. as comm



Holst Soil Engineering Limited
3k 43 ME 22]

Comm No. SI.2467/F.3243 BQBEHOLE LOG (47H 5278’
Location.“ snm...1.-.of'.-.1....................
Client ..... Even-ash. mmwhfiqmil Chainlge . . .
Me‘hod oi Boring. . . .Ffir‘i‘fssmn Ground Level

6

Borehole No.

Diameter of Borehole .l59m. Date . . .
, Dunn Thlanfll YYDI aDead non of Sim: .1 a ‘ r i I: III-=- v

D W" arm) sham) 5.3,:- KNM...‘ due "/u Kglcum N
TOPSOIL o 20 a 20
Very stiff red silty cuy ‘3 o o

:3 173 18 13.7 1810
w th :1 1) ‘2-( ea ere mar Lt“

—_ _: 1.50
1“- 110 7 19.0 1930
A
‘;
r

125 26 18.4 2170

Highly weathered red and green
incexlminated ML and SILTsmNE if);

Key
[1 Undisturbed Sample
0 Dls‘umed Sample
A Water Sample
I Penetration Ten

¢ Angle of Friction
m.c.Moinuro Content

V Bulk Density
N S.P.T.Veiue
cApperenl Cohesion

Remarks (Observations of Ground Water etc.)

Borehole dry

Wu" mm m subject lo mum: o. lid-l vlviui - Ind should nm be nkm u cannlnl



Borehole No.

Holst Soil Engineering Limited u» 2
SK 4% NE 223BOREHOLE LOG 4m 3958

Contract No. .S.I 2467/)?“ 32“;

Dimmer Di Borehole

Domi- Tnluknn TwoDescri 'on of sum: M u 5 . .p“ LL36 sumo-o Slmpb "415m d-n °/. n12...“
TOPSOIL 0.30 0. 30
Firm red brown sandy stony CLAY ' 0.50 0_2°
Highly weathered red MARI. with
bands of siltstone 0.55u

:
Strong, hard grey, green SILTSTON'E. ’T u" 1.30 0.35
(excavator unable to break out the
material)

Key Remarks (Oburvarions of Ground Water etc.)

I] Uri-disturbed Sample ¢ Angle of Friction
0 Disturbed Sample m.c.Moi|turo Canton!
A Wmer Sample v Bulk Density
1 Penetration TM N 5.P.T.Valuo

c Apparent Cohesion

Trial Pit dry

wmr llvlls m swim to ulwnai or ridal minions Ind Ihould not b. when as =onrrrm



Holst Soii Engineering Limited
SK 43 N5 3125

(#717 361$

Dimmer of Bonhol

BOREHOLE LOG

lot-hoi- No.

‘ Imam l‘hleklufi 1w-Dami on of Swan m w m c 9’ nu. vp“ aux?) Sing-(In) Samu- KNI-um an 7. Kalcmn "
TOPSOIL 0.30 0.30

Firm red brown silty CLAY 0.70 0.40

Highly weathered red brown silty
KARL with occasional thin grey
siltstone bands

2.00 1.30

Key
lJ Undimurbod Sample 9} Anglo of Friction
O Dlsturbod Simple m.clMolmun Content
AWator Sample v Bulk Density
I Penetration Tut N S.P.T.auo

‘Romark: (Obcewmions cl Ground Waur etc.)

Trial Pit dry



Borvholc Nu,

Holst Soil Engineering Limited
SK ‘43 NE 226 T? 5

Contract No 31 2b67/F 3243 BOREHOLE LOG 47lb $92

Location.
Cliern. .. . .
Mnhod ol Boring ’59
Dhmom of Boraholo ”1.25.3“ ................

5.91:1 TM TWODominion of sum mm m of c 9‘ m.c. y
sum mun) 5cm xii/wan doc 54, Kvluun N

TOPSOIL 0.30 0.30
Stiff red sandy CLAY ‘ 0.60

Highly weathered red silty MARL
with occasional green siltstune
hands

K9V Remarks (Observations 0! Ground Water etc.)

I] Undismrbed Sample (6 Angle of Friction
0 Disturbed Sample rn,o.MoinurI Content
Awner Sample v 3q Density Trial Pit dry
I Penetration Tut N S.F.T.Volue

cApparent Cohesion Wuur Imls m subim to ”Infill w thin! vllllfionx And would not in am. .5 con-um



mimi- Nol

Holst Soil Engineering LimiterlVg 217 n, 6
BOREHOLE L06 52%: 3572SI.2467/F.32A3Contract No.

magnum...“ . H smuluoe ........1. ............
Client ........ PIE???“ 5"“.5“ “Mini ., cum-am.
Method of Boring Ground Laval

Duo.Dimmer-r of Bouholo

. . now. man- rm fl
Donn Ion of Sir-u Loom we of c m.c. v

pt m3) sun-(m) sum. KlJn M y. Kalcmn "
TOPSOIL 0.30 0.30
Stiff red sandy CLAY 0.55 0.25
Completely weathered red EARL 0.95 0.1.0

Strong hard grey SILTSTONE 1.20 0425
Highly weathered red brawn silty
MAR-L 2.00 0.80

Kny Remarks (Observations of Ground Wow etc.)

D Undisturbod Sample ¢ Angle of Friction
0 Disturbed Sample m.o.Moinuru Conant Trial Pit dry
A Water Sample v Bulk Densiw
I Penetration Test N S.P.T.aue

cAonnvenl Cohesion u . ,r U ,. “A, . "A... .....»,“u.~..p.«..m



iauholl Nu

Holst Soil Engineering limited TPB
SK 43NE 2.1BOREHOLE L06 [,7 ‘1

Contact No... SI 246.7.” 32” .
Location ..... “liar Avstws
Clim....,.,..E.Te"53h qough Counc 1
Matlmd niBorlnu
DlAnmar ul Bonnal ......... .

. . Donn mum-n Type ’6Dawn n of sum .1 a M c um, ymm mm mm) Sun-(m) sum mm". dog °/. mom "
TOPSOIL 0.30 0.30

Weathered grey/green SILTSTONE 0.30
Highly weathered red/brawn MARI.
with occasional bands of grey]
green siltstone

1.40

KW Ramada (Observations of Ground Water ole.)
u Undisturbed Sample (3 Angle of Fricllon
0 Disturbed Sample
A Water Sample
I Penetration Tm

m.c.Moisturo Conant
v Bulk Density

N S.P.T.Voluo
a Ahnfivarfl l‘nhafifm

Trial Pit dry

a”. “A mm w h. um “coon-n!



Baruhuil No‘

Holst Soil Engineering Limited n 14
Contract No.
Location . .

SK 43 NE 23¢BQBEHOLE LOG 4722 3638’

Diameter of Bonholo n ..

DUI"! "id wo-Dmri 'on of sum 4 an in” .1 c 1’ In.c. y
pt: Dw- G.L?v:) mason) smu- KNlmn an % Kale-m N

TOPSOIL 0.20

Red brown sandy stony CIA? a“- 0.20
Grey zuen SILTSTON'E 15¢ 0-20. w
Highly weathered red silty MARI. If U. V

V \J

a f” 1 so 0.90

Jriiamarks (Obsonmions of Ground Water etc.)

I! Undimumod 58mph 0 Angle of Friction
o Diuurbod Sample m.c.MoImm Content Trial Pit dry
AWam Sample v Bulk Donmy
I Penumion Tm N S.P.T.Vniuo

c Appsren! Cohesion Wm! Imxs m whim Io umn-I m anal "vi-dun: m1 should not b- who u can-um



Holst Soil Engineering Limited
Borehole No.

TE 2
SK 03 NBOREHOLE LOG 6239

Comm No. SI.2467/F.3243
' m Sheet 1 .ol.1

Chelnl ..
6mm, a“, 70.481“ A.0.D.

Diameter of Borehole .....1.5, Dela 20- 1
. a h min. 1'

Dmriptmn of sums Legend 1::n no" :1" c 5 ma, Y M
G.L(m) sun-(m) 5m.“ KNIIqm den % Koleulm

TOPSOIL 0 30 0 3O

(bmpletely weathered red MARI. o 70 0

Weathered grey green SIL'rsmrs Th; 1 0°

Highly weathered red brawn LI
.J 1.50 0.50

MARL

KW
I] undisturbed Sample
0 Disturbed Sample
A Water Sample
I Penetration Tee!

¢ Angle oi Frlctlon
m.c.Molsture Content
v 5q Demi‘y

N S.P.T.Velue

Femarkn (Observations of Ground Were! etc.)

Trial Pit dry

cApparem Cohesion Wm! level: an whim m mun-I m rid-l u rial“ In: should mu be like" u con-um



FOUNDATION ENGINEERING
A u Ltd. BOREHOLE LOG

. 0 LOCATION ,NOTTINGHAM BOREHOLE Nc‘ : |Z
. AQLJEDLJCT

BOREHOLE DIA : 6 GROUND LEVEL: 250 C). 34

DATE (Start) V [4 - \ - (ab WATER LEVEL : Sea make.

Dares Description Thicknefi Depzh Sample Remarks

Topson. v — o‘ ,l' . \
5

..
i ‘ ‘1 3m: red ‘3"7 MARL. IZ’-O 2
T ' -1— ' 'fi—rr .
g , v

T
T l1 l , >fi—r—
, 2 , 1 u
y i ; i‘ T T ‘ .uT . I —O 5:f NoLe; V i I‘ 5 O
i , r Ma.“ el = '. 3° ekole > e b _ Q I H Boggy—TOLE CDMDLETE«5—7 dunfij amfij [

g a L

‘ ;. ‘ I
i . ‘. ix ‘ .T a ‘

E T
‘ L !

2 !
n T TT ‘ 1

! z‘ I

T i
T T ‘c J t ‘

1‘ i 1‘ ‘. T
T 1 ‘
‘ i

’ i E
: I l /9 T 1T .I I

T‘ ,
' !

; . BOREHOLE SCALErl' 5' - :DISTUREED SAMPLE I:UNDISTURBED SAMPLE 4— STANDARD PENETRATION TEST



g:_:;_::::£é



FOUNDATION ENGINEERING
i. - Ltd. BOREHOLE lOG

' ' LOCATION :NOTT|NGHAM BOREHOLE No. : I:
A LIE UCT ,BOREHOLE DIA.:G=~ Q D GROUND LEVEL: :50 ' 04:.

DATE (Start) ; I4 « I - b‘o WATER LEVEL : Seq- Hate

Dms Desuimion Thitkness Depth Szmple Remarks

TOQSQIL— |' _ o‘
1’ o \

H
.

; ' ‘I o 2
5m; Pea and grey I3’-<:>'I

E MAQI. +

i
‘ I

o 3‘Nae: _ _, I
j, 3°“??? "W‘?"‘“d ““7 I - BOREPQLE CQMDs”n“? ban—«j | .

. I I '

V. I

I
v M. I I

I

I II I
. r I .

II
s I

IA

I
; I I

t- ' I

I I
I.

i I
I I

I II
I II I

"P a
|

O
: I. BOREHOLE SCALEM 5’ -:DISTURBED SAMPLE LUNDISTURBED SAMPLE 4 STANDARD PENETRATION TEST
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- - Site fioregrole
um erc'mww 50W M1 WIDENlNG J21-30 CP2011

WWIIMHINTIIIIHICH sauna.

Boring Method Casing Diameter Ground Level (mDD} Client filob b
. . . . um er

Cable Percussron 150mm cased to 1.50m 23.35 Fugro Engineering Services Ltd WAL0601 1C

Locatlon Dates
03l03l2

447'12? E 33?066 N

D "gm asl Slate e D
Sam is l Tests e H? e Field Records mDB . fif Descri tion e end I!F ) p ' (r3; (e ’- 5 {'mi - less) P L g s

Water strike“) at 73 7o :—— (I315) MADE GROUND. Gre slightly sandy slightly gr'avelly W ~ E1
0.00m. ' .— 015 organic siltlcla . Grave is subangular fine to coarse of " ~

3 sandstone an concrete with occasional plastic debris.
0.40 3101 ‘_

-_ Possible MADE GROUND. Stiff to very stiff friable
:— (1.05) redlbrown local mottled grey green clay. Gravel is K
.— subangular me rum to coarse of sandstone with occasional '
L sandstone cobbles.

1 .00 3102 g
?2.65 .— 120 _.

1,20 32 : MUDSTDNE recovered as red brown subanguiar to angular E
1.20 Ci :__ gravel sized fragments with light grey laminae. Many
1 .20 K1 :— (gag) cobbles of mudstone.
1.50-1 .56 SPT 25*!30 2550 r

1-50 03 771.35 2— 2.00
1 50-200 B4 03:08:2006:100m _—
2.00 US —- .—

034082000: 3
2.00-2.03 SPT 25‘” 0 25350 '_ Complete at 2.03m

50115 03!08f2006: :—

E

Remarks 0 ed.hyflfl

RMS

Flgure No.

Produced by the GEOtechnical DAtabase SYstern {GEODASY} {C} all rights reserved

Nick Davies
Sticky Note
None set by Nick Davies

Nick Davies
Sticky Note
MigrationNone set by Nick Davies

Nick Davies
Sticky Note
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- - Slte floregole
um ercmmew 50W M1 WIDENING e-so CP2012

WmmllflflflwIIIIHIIH CW“

Boring Method Casing Dlameter Ground Level (moo) Client fish [1
- . . . urn er

Cable Percussron 150mm cased to 1.20m ?3.15 Fugro Engineering SEWICES Ltd WAL0601 1E

Loeatlon Dates
1 51031

447188 E 331155 N

Delgm Basia? Slate e65 la
Sam le 1 Tests e e Field Records m . Deseri tlon e end In( ) p ' (r3; (e ’- % {'rhi ' 11a“) P L g s

-_— - . . at” ,. ._ E1

0 15 em Eggndgztfitrguarfn ram "— (0511? g 5' W%‘0-15 02 b . 991. at 0 DD 9 g— ‘ MUDSTONE: Recovered es redrbrown gravel and send =1:
0'15 K2 0"“91 3 ' m. _— sized fragments. With occasional rootlets to 0.50m.
0.50 3102 :—
050 C4 .—
050 K4 3

1 .00 B103 9— (1.35] From 1.00m; subangular to subrounded cobbles of
1.00 GB .— moderately weak rnudstone.
1.00 KG Z At 1.20m;possible sandstone band recovered as =
“1.20424 SPT 25020 25135 ".__ gravelly fine sand. .

35:15 :—
1 .20 3104 T

1'33 B? Z =‘1 . . '—1.2o1 .m as mnemousmv ”'5 :— 2'9“
2.00 D4 —_ __

1 5103120013: E
2.00-2.10 SPT 25 ‘175 24,150 '_ Complete at 2.10m

50120 1510812006: :—

E

Remarks _ Scale 0 ed
{flPPWKI .bn

1 1513 HMS

Flgure No.

Produced by the GEOtechnical DAtahase SYstern {GEODASY} {C} all rights reserved
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- - Site fioregrole
um erc'mlflsiw 50W 011 WIDENING J21-30

“WEI-WHEN!” IIIIAICH EDI-In CP2018

Boring Method Casing Diameter Ground Level (mDD) Client “lob b
. . . . urn er

Cable Percussron 150mm cased to 4.00m 52.00 Fugro Engineering Services Ltd WAL0501 1%

Location Dates
27IOW

447'412 E 33?535 N 281052

D rfim asl Slate e D
Sam le 1' Tests e H? e Field Records mDB .. fl . Descri tion . e end I!F ) p ' ' (£1 (rflj ’- 5 {'0i ire-as] ” L g s

Groundwater was :—— (0.20) MADE GRDUND. Grey broom friable grayelly slightly sandy K E1
0.15 E18 not apparent during 62—40 .— 020 slightly organic siltr'clay. Gravel is subangular medium and
0.15 C201 boring“ '1 at 0.00m. E N‘ coarse of limestone. I t
0.1 5 K201 ‘—
0.15 V201 -_ MADE GROUND. Light grey brown very gravel silty fine to
0.50 51 :— {1.00} coarse sand. Gravel rs angular and subangular ne to
05,0 (329,2 .— coarse of limestone, concrete and granite with rare similar
0.50 K202 L cobbles.
0.50 V202 :—

61.40 _— 1.20 w r’
1 .20 0203 : Probably MADE GROUND. Red brovm locally mottled '
1-30 :32 2-- brown and grey green slightly sandy slightlygrsyelly siiticlsy.
1 go K203 :_ Gravel is subangular medium of sandstone. '
1.20 V203 r
1 .50-1 .05 U3 50 blows Z {1.30)

2.00 05 j——
200 04 E

_ 60.10 I: 2.50 .
2.50-2.95 SPT N-20 5,515,555 _— Very week yellow brown fine and medium SANDSTONE.
2.50 0204 .— {Recoyered as very silly fine and medium sand).
2.50 DE 3 ‘
2.50 K204 -_
2.50 V204 :—
2.50-3.00 B? -- :-

3.50-5.95 SPT N=39 ?,8!0,10,10,11 ::
3.50 C205 ,—
350 00 3 {2.601 3
3.50 K205 -_
3.5g VEDS :— ‘Hi'lfl‘fl

3.50-4.00 810 __ . . .

4.50 01 1 zrmrrzoosonr ;: 3
4.50-5.00 512 — .— Below 4.55m; red broom.

27001512005: :-
4.50—4.38 _ SPT 50f130 1113:2030 E:—

2W0'r'f2005: ' '—5'10 D13 5150 :_ 5.10

2310772005: .—
2330?“!200020RY :

251'0'H2005: 2: Complete at 5.30m
5.10-5.30 SPT 25‘1'00 20.55515 .—

501105 23MTf2005:DRY L

5

Remarks __ Scale 0 ed
{approx} “0n

1:50 TL
Figure No.

Produced by the GEOtechnical DAtabese SYstem {GEODASY} {C} all rights reserved
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- - Site fioregiole
urn ermw50W m1 WIDENING J21-30

murmur-turf IIIIHICH EDI-In CP2021

Boring Method Casing Diameter Ground Level (mDD) Client illob b
- . . . urn er

Cable Percussron 200mm cased to 6.00m 50.90 Fugro Engineering Services Ltd WAL0601 1(

Location Dates
211007

447527 E 337812 N 221037

D [Em asl Slate e D
Sam is l Tests _ e “F e Field Records mgfi .. fif . Descri tion e end I!F ) p ' (£1 (r111 ’- 5 {'i‘hi ire-as] ” L g "3

Groundwater was 55.50 :—— (3'10) — MADE GRDUND. Grass over grey slightly gravelly or anic m 31
not apparent during .— 03 '3 clay with occasional plastic debris. Grave is subangu ar

0.30 8101 boringifi at 0.00m. E {0.30) H fine to coarse of concrete. sandstone and slag. , - .. .. -0.30 0101 56-5” ; 0.40
0.30 K1 [.1 -_ MADE GROUND. Grey gravelly veryr clayey fine sand.

:— Gravel is angular to subangular fine to coarse limestone,
[130 0102 Z (0,913) sandstone and slag with occasional cobbles of the same.
0.80 K1 02 -_
1 .00 K1 :_ MADE GROUND. Dari-i grey brown slightly gravelly sandy

:- 1.0 m: sli ht h scar on odo r,
120 5103 55.60.— 1.30 - si ocaly v'eryggravg san . Grave Is subangular fine to
1,20 5 s 03. , z: coarse concrete. clinker and limestone with occasional
1 (20 K103 ;_ cobbles of slag. '
1.20-1.55 U1 90 bl r i
1 .51] (33 ows .— MADE GROUND. Medium dense to dense dark brown
159 K31 -__ gravelly angular sand. Gravel is subangular to subrounded ,
1315 02 :_ me to coarse of brick, concrete and slag.
2.00 C4 7
2.00 K4 3
2.20-2.65 SPT N=20 3,575,456 '_
2.20 05 :—
2.20—2.70 BS .—
2.50 07 E
2.50 K7 -_
3.33-3.45 EST N=41 4,5!9,1 1,1 1.10 :— Below 3.00m; becoming very gravelly.

3:00 00 ' ' 3: I es:
3.00 KB ~_ . res3.00-3.50 Bio -_ flags...
3.50 01 1 :— tfitfi
3.50 K11 :_ (5.201 At 3.50m: slag noted. _+.:E:.::o.

1.33-4.45 €171?" N=30 4,5!0,10,9,12 5- From 4.00m to 5.00m; very sandy gravel.

4200 012 i: 0533..
4.00 013 -_ em ..
4.00-4.50 514 :— @5033;4.50 01 s .— mg:
4 .50 K 1 5 _— 33:...‘fifi

5.00-5.45 SPT N=50 7,10712,12,1'7,1‘9 ~_ err}.
5.00 015 :— a»
5.00 D l 7 .—
500 K16 :
5.00- 5.50 315 L
5.50 (:19 :—
550 K10 Z

6,000.45 spr N=25 3,778,605 L—
500 C20 :-

3'33 233 5' 50.40 :— 5.50gggsso Egg .— MADE snouno. Li ht to medium brown sli htly sandy clay
5‘50 D24 -- E: Iwithccv:_:asional roun ed to angular gravel inc usions.,- . - ,1... ,
5.50 K23 7_
7.00 C25 -_
7.00 K26 :— (1.40)
7.00-7.50 U25 100 blows E '

7.50 G27 3 K.
750 K27 :— K
7.50-7.95 20 34 bl rU ”WE 49.00: 7.90 .
7'95 D29 ._—' Dark brown organic very clayey SAND. Driller notes peat. ...-.‘f.
5.00 C30 :_ {0.50} Possrbly [old] -5' .5
3.00 K30 : ' ='-:.

-.-:"-_, ;r:r o ._ I: 43.4131:— 350 - . ... . H
3.531 8‘” 6:1- “ 23 1’2’5-‘5-‘5-‘6 .— Medium to dark brown slightly sandy CLAY with occasional : _
3:50 032 E rounded to angular coarse gravel. :
0.50 K31 .—_ —_—'
5.50-0.00 533 -_ _ _.
9.00 (334 L —
0.00 K34 E —_—'

0.50 035 2170872000zDRY 3: - —__
0.5 K35 — -_ (2‘3” _. _,.
9.50-0.95 U35 71 blows :— —

2170372000: :— —' —"

Remarks __ Scale 0 ed
1315““? "Elli-39'

1:50 TUDAL

Figure No.

Produced by the GEOtechnical DAtabase SYstern {GEGDASY} {C} all rights reserved
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- - Site fioregrole
um erc'mww 50W M1 WIDENING Jzi-so

WINNIE!!!” IIIIAICH sauna. CP2021

Boring Method Casing Diameter Ground Level (mDD) Client Rich [1
- . . . urn er

Cable Percussron Efiflmm cased to 6.00m 56.90 Fugro Engineering Services Ltd WALD60 1 1C

Location Dates
EUDBIE

447'52? E 33?81 2 N EEJDBIE

D "gm asl Slate e D
Sam ie f Tests e H? e Field Records mDB . fif Desori tion e end I!F ) p ' (r3; (e ’- 5 {'rni - frees) " L g a

9.95 see 21msrzooe: :—— —-
‘ID.00 CST .— —-_'—'
1121.00 K3? 2241131120116: Z {2.20) CLAY (as previous sheet} _ _

462D :: 113313 SANDSTONE d I d bbl ' d10313413313 sp-r 255.30 2550 .— recovere as grey;r grave an :20 e srze
5055 L (040} fragments of slightlyr weathered orange stained fine grained

1D,?D 038 45.3.0 :— 11_1 {j “I fragments. Black veins observed throughout.
10313-1 1.113 339 22MBIZUDB:DRY Z

. museums: :1
1 1 .10—1 1.15 SPTiC} ZE’BD 25.150 :— Complete at 11.15m

50121:} 22MBQUDG:DRY E

E

Remarks .bPQQEd
' 1"

TUDAL
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Wish 3H6 BOI‘EI‘IOIE
Numbermw50W - m1 wrosnruo J21-30 - CP2022

WWIIDNHIIT IIIIAICH COURI-

Borlng Method Caslng Dlameter Ground Level (moo) Client illob b
um er

Cable Percussion 55.05 Fugro Engineering Services Ltd WAL0501 11

Location Dates
021001

447'5T5 E 33?801 N

D rfim asl Slate e D
Sam le 1' Tests e ”F e Field R cords mdfi .. fif . Be it tion .. . . e end I!F ) p ' ' (11?; (JR) e ’- 5 {11111 flees] 5° F ' ' L g s

;— ToPsoIL 1-” ~-_ 1.0.301 - ® \
030 B 54.75 :— 0.30
0 30 C101 : MADE GROUND. Dense to very dense brown sand and
0'30 K101 -_ gravel with occasional rootlets to 1.50m. Sand is fine to
0'55 5 :— coarse._ gravel is_angular to rounded fine to coarse of mixed
0'55 (3102 _— lithologles including sandstone, mudstone. chert, brick and
0:55 K102 :"_ slag. Occasional cobbles of sandstone. chert and clinker

1.20 51 3:
1 501.05 SPT 10:40 7.019,14,10.13 f:
1.50 C2 .—
1.50 [13 Z
1.50 K2 -_
1.50-2.00 B4 :—
200 05 r
2.00 K5 3

2.50-2.95 EFT 10:43 e,er7.10.12.14 ;:
2.50 00 .—
250 D? E {5.90}
2.50 K5 -_
2.50-5.00 50 :—
300 09 r-
300 K9 Z

3.50-3.91 SPT 25‘1”! 05 110111111418 ::
N=66 r

3.50 C10 Z
5.50 E11 1 -_
3.50 K10 :-
3.50-4.00 512 :-
4.00 C13 Z
4.00 K13 '_
4.50-4.95 SPT N=50 B,5111_.15.15.15 :—
450 C14 .—
4.50 015 .—
450 _ K14 Z.
4.50-5.00 515 ~_ .
4.?0 W201 :—
4.?0 W202 40.75 .— 5.30
530 c1? 7 MADE GROUND. Dark green grey sandy clay. Sand is fine -
5.30 01 e f 10-4”) and medium. -

5.30 K1? 49.35 :— 5.?0
5.50-5.05 U10 50 blows .— MADE GROUND. Oran e brown motfledcgrev clayey sand

L with occasional gravel o sandstone. San is fine and
5.00 D20 :_ (330.) medium.

_ 43.55 T— 0.50
3:343:35 331- ”"21 35,14,553 .- Stifi dark blue greyr CLAY mottled with tight green grey fine _—_.
5‘50 022 -- E: and medium sand and red brown clay. ccasiona - . -. . __.-___
5'50 K21 -_ fragments gap-pros 100mm long} of organic matter {decaying — —.
5'5“? 00 523 j— (“-9”) wood}. W1 cobbles of weathered orange brovm —

' ‘ Z sandstone. Possible :‘fi'

41.65 :3 7.40 T —.
759 (:24 :' Firm to stiff dark grey SILTECLAY. .- : . : >1
7.50 K24 :_ 3-1 xu—h 1-:
7.50-7.55 U25 50 blows .- " .. " -__

L {1.10) W“ .. r
0.00 025 :_ H :

3: 5:A
3 30 621? 45.551:— 350 _l. . . a
3 50 K2? 5 Dark grey weathered MUDSTONE. Recovered as angular to .11
3 50-900 323 Water strike(11 at ~_ subrounded gravei and cobble sized fragments of mudstoneE
3.90 W31 B.T0m_. no rise after .—_ a“ 5mm"
3339 45 33$ N 39 $073135}. 0 12 '—e 00 ' P5 " " " ’ i: E
9.00 V5 :
9.00-0.50 530 —_

;: m 3
Remarks __ Scale 0 ed

{approx}- “Eva-9'

1:50 RMS
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- - Slte fioregole
um ercmmzlw 50W M1 WIDENING J21-30 CP2022

NATUIILIHVIIDNHIN‘I' IIIIAIIH EDI-I“

Boring Method Casing Dlameter Ground Level (men) Client flab b
- . . . um er

Cable Percussmn 55.05 Fugue Engineering SEWICES Ltd WAL0601 1E

Locatlon Dates
021031

447'5T5 E 333801 N

Delgm Basia? Slate e65 D
Sam 1e:l Tests e e Field Records m . Deseri tlen e end In( ) p ' (r3; (e ’- 5 {Thi 'ftess) P L g e

E; MUDSTONE (as previous sheet}.

10.50-10.T3 SPT 25*1'1 35 14.1112035 :: {2 3111 Below 10.50111: hard with distinct laminae.

10.50 [132 Z
10.50-11.00 833 :_

11.31) [:34 uzmeizeessmm 4335 I: 1 1-30
' 0210812006: E:

11.304133 SPT 25*!40 25150 .—
50140 0210812006: E Complete at 11.33m

E

Remarks _ Scale 0 ed
{flPFWKl .bygg

1:50 RMS

Flgure N0.
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- - Site fioregole
um erc'mwfll 50W 11111 WIDENING .121-3121 RCZODB

WHWIIMHWIIIIAIIH EDI-I“

Machine: Casing Diameter Ground Level (moor Client flop h
um er

Flush 1413mm cased to 1.50m 33.?5 Fugro Engineering Services Ltd warns-o1 10A

Core Dla: mrn
Location Dates

Method : 1611 012
44?069 E 336?40 N 1?!1IDI2I

De th e D
(IR) TCR . . SCH _ RDD Fl Field Records (51655 _- fit Description Legend F

1: in: 'ltess] E
0 DD 1] 1:1 Groundwater :ivas — E1

. not apparent uring :— | ti it.
boring“) at [1.00m : nspec on P

o o :: 11.201

32.55 :: 1.21:1
1.20 23 o o o 5,?r1s,1a.2o.24 : {H.301 OPEN HOLE-
1.5fl-T '3"; ._. _..... SPT N=75 at} 1:151-.. 1 50 ................................
150 ""' :_ ' ND RECOVERY

100 15 r o E ”-353

. 7. . . :—
BED-3.45 gfi’fifigf“ 20 BG'QU r 2'35 Very weak {locally stiff to weak) red brown MUDSTONE.
3.90 L With medium to widely spaced thin to medium beds of =‘

j—. moderately strong light grey siltstone. Frequent dissolution
D 0 _— ' pockets up to 4mm. Fractures are extremely closeiy'to ~ -- -

r closely spaced subhorizontal rough and clean: subvertical to
f vertical rough clean SD-i 00mm long: 45-60 degrees rough =

335 :— aenfrally clean occasionally with red brown clay infill <1 mm
_— 1C .

as 53 1s a 9— E
2,?!9,12.26.3? ::

4.50-4.95 SPT N=34 -_
4.50 ; Between 4.50m and 4.30m; poor recovery probably due

:— {3.65) to 3PT. =

5.53 P1 3;
41 o o o :_

Z: =

6 50-6 95 33131331 7’21 E. , = - =
6.50 77.25 :_— 5-5“ no RECOVERY

3; 10.391

61 s 1' 1:1 2:
76'36 : 7'39 Veg weak {locally stiff to weak) red brown MUDSTONE. =

:— Wi medium to widely spaced thin to medium beds of
_ .— moderately strong light grey siltstone. Frequent dissolution
19153111915321 E pockets up to 4mm. Fractures are extremely closely to

3.00-3.45 SPT ”=73 ~_. closely spaced sub-horizontal rough and clean; subvertical to
3-90 :— vertical rough clean 50-1DUmm long; 45-61] degrees rough =

I aenlerally clean occasionally with red brown clay infill <1mm
- 1c .
E: Between 8.00m and 8.59m; poor recovery possibly due
_— to SF‘T. '

83 63 12 D :—

1 s,er23.44,32_.1 2 :: =
BPT N=111 .—
16” 6121306921 111 Z

9-50 — '_ 4 51 Between 950111 and BTBM: poor recovery probably due
9.50—9.95 1cr1arzooc: ;_ f - l to 51:1,

161101121305: _—

fireman-rs: _ _ . . .,. , _. . . . _ _ _ . . _ Scale huggedPrior to boring or Cable rfivordanca tool EAT} survey was can red out. An 1nspechon pitarras band-dug to 1.20m depth and rescanned using the CAT {approx} y
to check for services. Services were not located. 2

1:51:21 OP
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. . Site floreatole
um erGenital“! 50W M1 vvioenme J21-30 RC2008

mmminmnmIIIIAIIH counsel.

Machlne: Casing Diameter Ground Level {moo} Client flab b
. . . um er

Flush 140mm cased to 1.50m 33.?5 Fugro Engineering Services Ltd WALI360110A

Core Dla: mrn
Location Dates

Method : 1611101
447069 E 336?40 N 1?.f1 01’

De th e D
(IR) TCR SCH _ RDD Fl Field Records (111655 __ fit Description Legend in

{ rl‘n lease] 3

52 23 7 0 _: MUDSTONE {as previous sheet} E

10.60 P2 E =

1 1,01) 2450 :_— Between 1 1.00m and 1 1.?2m; poor recovery probably
11.00-11.14 SPT 24075 .— clue to 5PT.

50:00 E —'
0 0 3.-

::

1 1.90 T135 :__ 1 1‘90 ‘v’ery weak red brown MUDSTONE. Fractures are very
.— closelyr to closely spaced horizontal to subhorizontal rough

5T 37' T 0 7 generally clean with occasional cla‘ infill <1rnrn thick:
Z subvertical to vertical persistence 0100mm. rough with
:— occasional clay infill <1 mm: very closel to medium spaced

1 2.50 25150 _— 60-70 degrees rough with occasional c ay infill <1 mm.
12.50—12.60 SPT 25‘l45 .— Between 12.50m and 13.15n1; poor recovery probably

5058 E due to SPT.

as to 2o 0 E g

3: (3.7o
13.90 P3 -—_
14.00 19.6150 :. Between 14.00111 and 14.0?rn; poor recovery probably =
14.00-14.21 EFT 50:01 :- due to SPT.

.- Between 14.13m and 14.63m; moderately weak thinly
i and thickly interlaminated light green grey rnudstone
-_ and siltstone.

0T 05 36 0 :—

:: =

15.50 n 0 4.11150 3315;— 1533
1550.1 5T1 SPT 501.33 ‘ :__ {0 2'5.) Moderately weak red brown MUDSTONE Fractures are
1550 6? 90 _— 1’5 as closely spaced subhorizontal rough with clay infill up to 8mm
1533 p4 ' _—_ ' _| thick: very closely to closely spaced 60 degrees planar roug

: Moderately strong red brown and orange brown SILTSTONE :3:
T5 .51 21 0 :_ with occasional thin and thick laminae of red brown ,3", x 1. x ,

.— {1:153 rnudstone. Fractures are very closely to closel spaced

.— horlzontal rough general! clean with occasions orange silt .. . . .
E and fine sand infi I: close y to widely spaced 60 deg rough
;= - with some clay infill s 1 mm; subvertical <50mm rougl'with . x .. x _ .. .
:— occasional clay and silt coating <1mm._ _ '

17 00 23 3,50 $0.75 _— 17.00 Between 16.45m and 16.53rn; occasional medlum
17:004 721 0 0 SF:T 50l60 Z “ gravel sized dissolution voids.

1.. 33 E Moderately strong {locally weak) red brown MUDSTONE
’ ' :— thinh and thickly interlarnrnated with red brown and light grey =

.— SIL STONE. With occasional gravel sized dissolution
I voids. Fractures are extremely closely to closely spaced

95 79 D 0 L horiZontal smooth and rough occasionally with clay infill
f—- <1 mm; subverfical to vertical <50rnrn long rough clean.
.— Between 1?.00m and 1?.33m; poor recovery probably :-
3 due to SPT.

13,559 3550 r: {3.00) From 13.50m and 18.50111: poor recovery probably due i=-
13.50-10.61 SPT 250153 :— to spT‘ E

5055 .—

:: =

9 50 PS i From 19.37m to 20.00m; Moderately strong red brown
1 ' 'l 7110l2006' 14 21 :— fine grained SANDSTONE slightly calcareous.

' ' m : Fractures are subvertical planar rough clean.
1W1 0112006: 63.?5 7— 20.00 L

Remarks Scale 0 ed
{approx} hygg

1:50 OP
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. . Site fioregiole
um erc'mww 50W rvn WIDENING J21-30 RC2011

wmmlnoflnmIIIIAIIH EDI-I“

Machine: Casing Diameter Ground Level (moor Ciient fiob b
. . . urn er

Flush 140mm cased to 1.50m 23.35 Fugro Engineering Services Ltd WAL0601 111

Core Dla: mm
Location Dates

Method : 07l03i2
447'12? E 33?066 N 10103I

De th e D
(IR) TCR . . SCH _ RDD Fl Field Records (51655 _- fifi Description larrpjiebndflI

{fl'rr 'hess] E
Groundwater was — E

0.00 0 0 not apparent during :— Refer to borehole CP2011 for likely material description. 1
boring“) at 0.00m. .—

040 C101 Z

1.00 100 100 a? 0 C102 :H_ {2.013)

2.00 H '35 "—— E'DD Weak to moderately weak thinly laminated dark red brown
7 and light grey green MUDSTONE. With some very closely
Z spaced thin to thick laminae of grey fine and medium
'_ grained sandstone. Fractures are subhorizontal medium to '
:— widely spaced undulating rough and open with some black

97 97 97 0 Z staining to fracture surfaces, no penetration.

was I:- E
SPT 13775 Z """_“"'

3.50 0W03f2006. f (3.35)

3.50-3.60 07r'03I2006: :—
35r25 :

3.50 0103 -_
armsrzcoe: :—

100 9? 33 0 .- Below 4.10m; becoming predominantly grey green with
aerospace: : occasional dissolution vords up to 20mm.

4.05-4.35 I39 -_

a. 13:35 5—-
5005.13 SPT 3552 L
5.00 68.30 -_ 5.05 ' ....-
5.00 D1 [)4 :_ Week to moderately weak very thinly to medium bedded dark

_— red brown and light grey green fine and medium grained
.— SANDSTONE. ractures are horizontal very closely to
E medium spaced. planar. rough and open with rare black
:_ speckling on fracture surfaces.

‘30 90 48 0 _— At 5.60m; 10mm band of grey fine grained sandstone.
L At 5.80m: 10mm band of grey fine grained sandstone.

1 ms 2:
6.50-6.61 SF'T 1 1W5 —__
0.50 35.86 -_ At 6.55m: 10mm band of grey fine grained sandstone.
6.50 D105 3: _ _

memo or a ;:
100 100 63 0 Z

ear Z:
3.00-8.03 SPT 35*!33 7__
8.00 -_ Between 3.05m and 9.50m; with very closely s aced

:— thick undulating laminae of dark red brown mu stone.

E

on so as o i:
;— 3.05

925—04? {311 :— ( '}
35af .—

950—953 SPT 35*!26 Z
9.50 -_

Remarks: _ . .,. , _. . . . ._ . _ . . _ Scale boggedPrior to boring or Cable ufwordanca wool rC-AT} survey was can red out. An inspection prtvms hand-dug no 1.20m depth and rescanned using the CAT {appmy} - y
to check for services. Services were not located. :

1:50 SM

Figure No.
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. . Site fiorelhole
urn erc'mwul 50W M1WIDEN1NG J21-30 RC2011

WITHIN-WIDE!!!” IIIIHICH EDI-l“

Machlne: Casing Diameter Ground Level (moo) Cilent idlob b
. . . urn er

Flush 140mm cased to 1.50m 23.35 Fugro Engineering Semces Ltd WAL0601 1%

Core Dla: mm
Location Dates

Method : 02'l031
447'12? E 331'066 N 101031

D th e D
fig) TCR . . SCH _ RDD Fl Field Records @655 _- git . Description . Legends

(in: - 'hess] E

100 100 31 o E

E: Between 10.75m and 11.00m; becoming predominantly
'— grey green.

1 1.00 351f :—
11.00-11.02 SPT 3501 E Z

'1 .' ~ .6 T“ .1.31511 0 C12 :— (3.051 g

e: e: 47 o ::
-__ Between 1 1.85m and 11.05m; with extremely closely
:— spaced thin carbonaceous laminae.

12.50 09!08f2006:9.00m :: Below 12.50m: becoming moderately weak to
— _— moderately strong, With some extremely closely .555;

0 0 0 0 0010312000: E spaced thin laminae of mudstone.
09m3f2006:DRY -_

60.75 :- 13.10
1 3.10 104103112006: :- - . No recovery

100 5? ET 0 _: (0.90}

14.00 351’ 5935 9— 14.00 Week to moderate weak very thinty to medium bedded dark . .'
14.00-14.02 SPT 35’i24 .- Below 14.00m2w1th many dissolution voids up to 50mm.

: red brown and light grey.f green fine and medium grained
-_ SANDSTONE. Fractures are horizontal very closet-.1I to

100 03 4? 0 :— rnediurn spaced. planar. rough and open with rare black
.— speckling on fracture surfaces.

1 5'10 Sample 1 Tests 15‘ ea“ 36R) (r31 3; 12.85)
:: At 15.?0m; horizontal fracture infilled up to 20mm with

15.90-16.60 C13 L medium and coarse sandstone gravel.

1emerzooe:oer 5?.00 I; 1535
10108112006: ;: Complete at 13.35.11

E

Remarks __ Scale 0 ed
tapers!) .hyflg

1:50 SM

Figure No.
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- - Site fioregrole
um erc'mlflslul 50W rm WIDENlNG J21-30 RC2014

WWIIMHINTIIIIHICH EDI-INI-

Machlne: Casing Dlameter Ground Level (moo) Client idloo b
. . . urn er

Flush 146mm cased to 2.00m 80.05 Fugro Engrneerrng Services Ltd WAL0601 1%

Core Dla: mm
Locatlon Dates

Method : 0?!09l2
447284 E 33?359 N 1 1109l

D tit e D
fig) TCR . . SCH _ RDD Fl Field Records @655 _- git . Description . Legends

{fl’rr - 'hessl E
Groundwater was _— E

0.00 0 0 not apparent during _— OPEN HOLE 1
boringll} at 0.00m. :

57 33 0 0 E"— {2.00)

ermsrzoos: 3;2.00 ”'05 :— 23” no Recovsnv
D 0 awesome: 7 (0,45)

DWDQIZDDE: Z
”.60 L 2.45

2.45 03l09f2006: ‘— Weak grey green and yellow brovm thinly to thickly laminated
235 P1 :— line and medium grained SANDSTONE. Fractures are

an 7'1 13 [I 7 horizontal, extremel closely and very closely spaced _ _ .
T— {1 source} rough p anar and undulating very open. """' “""
:— occasionally with slightly clayey sand and gravel infill up to

3.10 _—- . . ., . Between 3 10m and 3 20m: red brown.
3 {1.T5} ' 30mm. Gravel'Is angular line of sandstone.

o a :3

rose 1: 4.20
4.20 _— Weak and moderately weak occasionally moderately strong

100 100 0 0 1 red brown fine and medium grained SANDSTONE with very
4.30 P2 ; closely widely spaced thin and thick laminae of very weak
4.60 :— red brown MUDSTONE. Fractures are horizontal, very

:- closely to medium spaced {25160350} rough. undulating.
L moderately open to very open.

93 05 37 0 :— Between 5.30m and 8.00m: vertically rough. undulating.
i open with slightly silty line to coarse sand infill.

sou :__
I: {4.10}

:__ Between 6.45m and 8.60m: medium to coarse grained.

so ' rr as o :—=
105—125 C3 7— At 5.35m; well rounded void.

7.50 :f

0 0 :___ Beoween 190m and 8.20m: medium to coarse grained,
L non-intact.

3.25 P4 :—
330 T175 _— 330 _‘“_ ‘f

_— Generally weakri{variably very weak and moderately weak} .1 : _ .. __
- -f red brown thinly colour aminated; ven- th.nly and flu:-Ily é *- .-

95 93 13 0 '_ interbedded SELTSTONE and fine to medium grained .3: I x;
:— SANDSTONE with medium spaced very thin and thin beds 3:31;:
_—_ of moderate weak gray green medium to coarse grained ; : z 1;: ;

9.00 —_ sandstone. Fractures are horizontal. very closely to medium ; ,1; 1; :3:
L spaced {201120l320} rough, undulating, occasional planar. : ;: 3::
:— moderately open to open. 1: 5;: 3 it:

we as re a 3:

Remarks__ . __ . ‘ f . Scale boggedF'Iror to boring a Cable Iflvordarrce Tool ICAT} surveliywas can red out. An inspection pit was hand-dug:.:I 1.20m depth and rescanned usrng the CAT {approx} ‘3;
to check for services. Services were not located. he borehole was backfilled on completion with grout:

1:50 TL

Figure No.
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Geological Survey
WINNIE)!!!" IIIIHICH count:

3116

M1 WIDENING J21-30

BOI‘EI‘IOIE
Number

RC2014
Machine:

Flush

Casing Diameter

146mm eased to 2.00m

Core Dla: mm

Ground Level (moo)
soos

Cilent

Fugro Engineering Services Ltd

Job
NUITIIJ'IEI‘

LDCfiIIOH

447234 E 337353 N
Method :

Dates
077097
1 17097

DER)“. TCR -. . SCH _ ROD Fl Field Records 757651 {fi'Ef‘filflséi
Description

10.40 P5
10.50

100 33 23 0
1 1.20-1 1.42 CE

12.00

12.40

12.65 P7

100 100 43 0

13.50

13.95-14.17 CB
100 100 45 0

1 00 100 63 0

1 5.354 6.20 09

13.50

17.25-17.50

17.50

C10

51 33 0 0
735
0370372006:

03703720 03:
SPT 0‘70
3571 5

13.00

1 30013.02

13.70

1 3.45
1 '1 70372006:
P1 1

1 170372006:

1 170372003:

0370372003:DRY

{10.47,}

Intel-bedded SILSTONE and SANDSTONE {as previous
sheet}

Between 12.20m and 12.40m; moderately weak
medium to coarse grained sandstone.

Between 14.50m and 14.1313Im;\rer:.F weak, apparently
leached.

Between 17.40m and 13.00m; moderately week
medium grained sandstone.

Le end 3. E1 "3

.YIKIXI
AKIXIXI
IFIX.I¥I
IkIa'IxI
txn-cX.J-cx>:
IBIIM'IXI
IFIHIKI
xxxxbcxh
IIIKIXI
IRIKIXI
IHIFII‘I
IKIXIXI
IKIKIXI
IKIIIXI
IKIKIHI
xxltae'xxx
IKIKIKI
IkIx'A
KKIHHKI
IxIxIxI
IIIIIILI
nxlxl‘x:
III-CHIN!
xxxxxtx:
Man-clam):
xxxxix'n'
I’lIKINI
Rxxacxxlt
IXIII'KI
xxxxzxw
manta-cue:
Hxkxk
IFIFIH'II
xxxxbtxh
IIIIIHI
xfixtxy

IHIKIHI
xxqx:
.45!!!t
uxntxxxx
IkIxI
IXIKIXI
ININ’IHI
ta'hcxtxx:
IDI'III'I'NI
:xuxjx:
IBI'IIIHI
fixlxa‘xx
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Machlne: Casing Diameter Ground Level (moo) Client idloh b
. . . urn er

Flush 14Dmm cased to 2.00m ?3.10 Fugro Engrneerrng Services Ltd WALDGU‘I 10A

Core Dia: mm
Location Dates

Method : inner
447‘29fi E 33?53? N 12109l

D th e D
fig) TCR . . SCH _ RDD Fl Field Records @655 _- fifi . Description . Legends

(in! - 'hess] E
Groundwater was _— E

ODD fl 0 not apparent during _— Open Hole. 1
boringll} at DDDm. :

100 a? 33 a E; {23.33

11mer2rrae:onv 7, 10:; 2 no _
2.00 — ' -_ ' Generally weak {variably very weak to moderately weak} red

1 1mg;2{}ofi; :— brown and reen brown fine to medium grained micaceous
1 llIIJQIZDDE: r SANDSTO E thinly interlaminated to medium interbedded

: with very weak red brown rnudstone {variably siltstone} and
95 61 I? 0 12309:“20D6: ‘— wealr green brown siitstone. Fractures horizontal. val};

2.15 P1 :— closeiy and closely spaced. smooth. planar and undu ating.
E occasronally with very soft red hrovm clay infill up to 2mm.
-_ {1-90)

3'10 :: 5Eetw-een 3.20m and _3.45m; very weak and weak red
0 D _— brown mudstone {variably srltstone}.

3.90 6929 7— 330 Generally weak [variably moderately weak to moderately}
:— thinly laminated to thinly interbedded fine grained red brown

90 83 51 Li .- and fine to medium grained green brown micaceous
Z SANDSTONE. Fractures are horizontal. closely and

4.55 P2 '_ medium spaced. smooth. undulating. with up to 5mm firm
4.?5-5.04 03 :— red brown clay infill.
4.60 r

o o f:—

: (2.90)

5.60 :: Between 5.60m and 5.35m: weak thinly and thickly
95 53 1G D _— laminated red brown mudstone.

5.1 0 ; era!

a a 3—_

5-30 " 66'30 E: 6'30 Iii-Generally weak [variably very weak} red hrovm fine grained I
:— SAND-STONE {frequently grading to siltstonel closely very

92 92 '3 a Z thinly interneddecl with moderate y weak green brown fine
~_ grained sandstone. Horizontal fractures are very closely to 3
E_ medium spaced, smooth. planar, occasionally irregular;
_— other fractures are subvertical and vertical. irregular.

7.60 g:
7.90 p4 E

as ea 44 e E
E:

9.1 o ::
:2 {5.103

9.75 P5 : rarazsiiii

100 E3 14 El :—

Bemarks__ _ __ . g . _. . . . ._ . . _ .. . Scale huggedPrior to boring a Cable rfivordarrce Tool tit-AT} survey was can red out. An inspection prtwias hand-dug no 1.2Dm depth and rescanned using lire CAT {approx} - y
to check for services. Services were not located. :_
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fimloglcal Survey
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M1 WIDENING J21-30
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NUI‘I‘IDB‘I’

RC201 6
Machine:

Flush

Core Dla: mm

Method :

Casing Diameter

140mm cased to 2.00m

Ground Level (moo)
?3.10

Client

Fugro Engineering Services Ltd

Job
Number

LOCfiIlOl'l

447290 E 33?53T N

Dates
1 #009
1 21009

”iii" TCR-. SCH _ ROD Fl Field Records #651 {trim-:55) Description Legend _ W
at

10.60

_
‘.
_

L
_‘

-_
I.

ba
be

0
1

:!

HI '_a
. D

12.45

12.85
13.05

13.60

14.20

14.79-15.10

15.10

15.35

10.124 0.42

16.60

17.79—13.00

PB
1 00 65 14 0

PT

1nd ' Hi 41 0

100 9? 5B 0
C8

100 04 35 0 CB

sample l- Tests
_ Casing Water

“Elli“ “Frill“

C10

1 2r"09f20 05:

1230912006:

B1 .20

58.90

5?.25

55.10
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11.90

{2.301

14.20

{1.65)

15.35

{2.151

13.00

SANDBTONE {as previous sheet)

'1 At 1 1.85m: narrow calcite vein [1 2mm}. [F

Weak to moderately weak thickly laminated to thin bedded
yellow. green and brown fine grained SANDSTON . thickly
Interbedded with weak to moderately weak thinly and thickly
laminated siltstone. Sandstone contains frequent well
rounded vugs {up to 3mm} and occasional rounded voids (up
to 22mm).

Between 1 1.90m and 12.35m: hectares: horizontal. very
closely and closely s aced and open.
Between 12.20m an 12.40m; dark green grey, fine and
medium grained, non-intact. ' "
At 1 2.50m; very thin interned {32mm} grey brovm
medium grained sandstone.
Between 12.35m and 13.05m; recovered as uncompact
very fine san silt.
Between 13.0 m and 14.20m; fractures are horizontal.
closely spaced. smooth. planar and subvertical.
irregular.

"[ Between 13.30m and 13.60m; non-intact. [

Moderately weak to moderately stron red brown and green
thinly and thickly colour laminated SIL STONE. Medium
interbedded with moderately weak to moderately strong
yellow larovm fine and medium (becoming fine to coarse)
grained sandstone. Fractures are horizontal. closely and
medium spaced, smooth and rough, lanar. occasionally
undulating. open and occasionally wi sill infill up to 2mm.

Between 14.40m and 14.60m; very closely spaced. very
narrow bands of fine grained gravel size c asts.
At 15.20m; very narrow. irregular calcite veining with
subrounded solution cavities {18mm}.
Between 15.30m and 15.70m; grading to fine grained
sandstone.
Between 15.30m and 15.35m; locally hrecciated with
subangular to rounded fine to coarse gravel size quartz
clasts.

‘v’ery weak to weak grey brown‘coarse rained becoming red
brown medium and coarse grained SA DSTONE with rare
attic-rounded fine to coarse gravel size clasts. Fracttir'Es are ' FIE--
horizontal. very closely to medium spaced. rough. planar and
very open.

Between 15.35m and 16.30m; grey brown; frequent
subrounded to rounded. line to coarse gravel size clasts.
At 1 6.00m; horizontal fracture infilled with grey green silt
(11mm).
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Machlne: Casing Diameter Ground Level {moo} Client idloh h
_ . . um er

Flush 140mm cased to 3.00m 53.05 Fugro Engineering Services Ltd WALDGDt 1 l1

Core Dla: mm
Location Dates

Method : 20l09i2
44759? E 33?501 N

D th e D
Eli) TCR . . SCH _ RDD Fl Field Records @655 _- {iii Description I..r'tp_'ri3*nr:l__rrrI

{t - 'ltess] E
Groundwater was —

0.00 0 0 not apparent during 62 50 :— t'lifii TDPSDIL. Brown slightly gravelly tine sand. Gravel is '-
boringti} at 0.00m. ' .— 0.15 suhangular to subrounded fine to coarse of sandstone. ’;‘

0.15 B? 9? 28 0 B101 3 limestone and brick. With many rootlets. _
0.15 0102 ~_ {0.65) , r- .t-,
[1-15 K102 -_ Red brown fine SAND wrlh subangular to subrounded fine to __ ‘- _:
0.15 Ki [)3 :— coarse gravel sized fragments of sandstone. 1:::- .
0.?0 52-25 E 0-3” Between 0.?0m and 1 .40m; structure generally not .3131:
0.80 8104 '— evident. ‘:::;:::
0-30 C105 :— :::::::::
9,30 K105 _— ‘v’ery weak to weak red brown weathered SILTSTONE .._ n'x x x u;
030 K105 _— (vanably fine grained sandstone, rarely mudstone) with very it: :23;

_ _ 93 yg 23 g 1: closety to medium spaced verythin beds ofweak yellow :3: iii:
1 _35 P1 L brown speckled black thinty to thickly laminated fine grained : 3-: i Z i:

:— {1 90) sandstone. Fractures: where evident suhhor'izontal and ;::::::
_— ' - subvertical. extremely closely to closely spaced and irregular; 3.: :; : .1

2.20 P2 _— ii: 2:21:
2.25 E Eitiiii

0 0 '_ if: i t :3

60.35 :— 2.T0 :3:
21m 7 Weak to moderately weak yellow brown locally speckled

7— black thinly and thickly laminated line grained SANDSTONE
0 0 L (0.75} with occasional thin terminations of light grey green siltstone.

3,20 P3 2—. . Fractures: horizontal. very closely and closely spaced. planar 1.3m
_— and open.

55.50 L 3.45
3.45 58 93 51 0 L Generally weak {variably moderately weak) thinly : it * t i

:— interlaminated to very thinly interhedded red brown in. E 3:15:
3.?5 _— SILTSTONE, mudstone and grey green and yellow brown 33:1:-

-—_ tine grained sandstone. Weathering: occasional black ::::::1
; discolouration on fracture surfaces. Fractures: horizontal, 1;: : : :3.
:- At 4.10m; 4mm irregular solution cavities with calcite : ;: 3::

4.40 P4 7 mineralisation. : 3 g : g:
53 90 54 0 i {2.00) ve closely to closely spaced. smooth. planar and g 3 g x g 3 g

-_ un ulating: vertical. smooth and planar to irregular, 120mm 3:31;:
:— persistence. 3:: it

4.35 P5 :- :E: E- :25.05533 cc :1. ::-:. 'x:

5.25 0 0 r it? x '15
5?.50 L 5.45 1,:

5.45 L Moderately weak thickly laminated yellow brown fine and ”ii
:— Frorn 5.55m to 5.?0m: irregular dissolution cavities with
_— r'ed brown staining and mineralisation up to 45mm.

0 0 L (1.05} From 5.35m to 5.90m; locally medium to coarse grained.
L medium grained slightly calcareous SANDSTONE with
E— occasional thin interlaminations of very weak grey green
_— From 6.25m to 5.45m; frequent rounded vugs {‘1 mm}.

5.80 P? 56 55 —__ 5 50 _ siltstone: rare very thin bed of weak r'ed brown siltstone.
5.50 ' ; ' At 5.45m: frequent subrounded dissolution cavities

38 25 ll 0 :—_ . [t3 ”-0) i25mmiwith occasional mineralisation. _ _
5.?5 _-' Fractures: horizontal. closely and medium spaced. laugh.

0 0 5B 05 ~— 7 90 _ planar with rey green silt infill up to 'r'mm. 'I .no vertical,
T00 ‘ -_ ‘ rough. undu ating and open.

:— Moderately weak to moderately strong red brown and grey
_— gr'een thinly interlaminated SI LTSTONE. fr'e uently thinly
: and thickly interlaminated. Fractures: horizo at, very closely

as 39 1g 0 -_ {1-25) and closely spaced. smooth and undulating.

first; 7 Poor recovery. Recovered as subangular to rounded
310 pg -_—' medium to coarse fragments of calcareous SANDSTONE.
ass-ass set one 54 30 :— s 25 Possrblv
3.25 35335 ‘ _— ‘ - - ._ Generally weak {_varrah moderatel weak) lrght grey brown

E— fine to coarse grained ANDSTGP E with occasional
3 ?0 P9 .— subangular to subrounded fine gravel size quartz clasts.

' : Fractures: horizontal {0 degrees to 10 degrees). very closely
'_ and closely spaced, rough. planar and open.

78 73 31 0 -_ Between 5.55m and 5.55m: locally mottled red brown.

1 Between 5.35m and 9.75m: frequent subrounded and
10135 -_ rounded coarse gravel size pockets of green grey

5.75—5.35 SF'T 10*}? 5 :— 00 lauconitic} silt.
9.?5 35535 _— {3- ) elow 9.?5m: poor recovery.

Remarks Scale oggedPrior to boring a Cable ufwoidance Tool {CAT} survey was can‘ied out. An inspection pit-was hand-dug to 0.70m depth and rescanned using the CAT ’(approxl by -
to check for services. Services were not located. :

1:50 TL
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Machlne: Casing Diameter Ground Level (moo) Client idloo b
. . . urn er

Flush 14121111111 cased to 3.00m 63.05 Fugro Engineering Services Ltd WALDGm 1%

Core Dla: mm
Location Dates

Method : ZDIBQIE
447‘39? E 33?601 N

D tit e D
fig) TCR . . SCH _ RDD Fl Field Records ($655 _- 46f" . Description . I..1ep_lentl__t1!I

{rm - 111255] E

o o o o :1
g (3.00}

11.05 P1 11 9—
11.25 91135 51343:: “'25 NO RECOVERY.
11.34156 SPT 9"!75 2--

35:35 :—

o o o o _—_

g {2.70;
12.15 551r Z:
12.?5-123‘3 0 (I E! El SPT 35*1'45 -_
12.95 D12 :—

1325 I:
62 E2 212} D :_

13.75 0 o i:
49.1U -_ 13.95

13.95 D G D 0 L (0313) Generally weak {veriebl moderately week) light grey brovm
14.15 P1 1 43 30 :— 14 25 fine to coarse grained ANDSTONE with occasional
14.25 Casin Water ' Z ' subangular to subrounded fine gravel size quartz clasts.

Sample I Tests Deg“? Degth -_ Fractures: horizontal {D degrees to 10 degrees), very closel
{ l 1 l :— {D 75) and closely spaced, rough. planar and open.

14.25-14.23 SPT 35’125 351f E: MD RECOVERY.

zomsrzooe: 43-05 f:— 151””
20113912006: :: Complete at 15.1mm

E

Remarks __ Scale 0 ed
{approx} .hyflg
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Machlne: Casing Diameter Ground Level {moo} Client idloh h
_ . . um er

Flush 140mm cased to 3.00m 53.05 Fugro Engineering Services Ltd WALDGDt 1 l1

Core Dla: mm
Location Dates

Method : 20l09i2
44759? E 33?501 N

D th e D
Eli) TCR . . SCH _ RDD Fl Field Records @655 _- {iii Description I..r'tp_'ri3*nr:l__rrrI

{t - 'ltess] E
Groundwater was —

0.00 0 0 not apparent during 62 50 :— t'lifii TDPSDIL. Brown slightly gravelly tine sand. Gravel is '-
boringti} at 0.00m. ' .— 0.15 suhangular to subrounded fine to coarse of sandstone. ’;‘

0.15 B? 9? 28 0 B101 3 limestone and brick. With many rootlets. _
0.15 0102 ~_ {0.65) , r- .t-,
[1-15 K102 -_ Red brown fine SAND wrlh subangular to subrounded fine to __ ‘- _:
0.15 Ki [)3 :— coarse gravel sized fragments of sandstone. 1:::- .
0.?0 52-25 E 0-3” Between 0.?0m and 1 .40m; structure generally not .3131:
0.80 8104 '— evident. ‘:::;:::
0-30 C105 :— :::::::::
9,30 K105 _— ‘v’ery weak to weak red brown weathered SILTSTONE .._ n'x x x u;
030 K105 _— (vanably fine grained sandstone, rarely mudstone) with very it: :23;

_ _ 93 yg 23 g 1: closety to medium spaced verythin beds ofweak yellow :3: iii:
1 _35 P1 L brown speckled black thinty to thickly laminated fine grained : 3-: i Z i:

:— {1 90) sandstone. Fractures: where evident suhhor'izontal and ;::::::
_— ' - subvertical. extremely closely to closely spaced and irregular; 3.: :; : .1

2.20 P2 _— ii: 2:21:
2.25 E Eitiiii

0 0 '_ if: i t :3

60.35 :— 2.T0 :3:
21m 7 Weak to moderately weak yellow brown locally speckled

7— black thinly and thickly laminated line grained SANDSTONE
0 0 L (0.75} with occasional thin terminations of light grey green siltstone.

3,20 P3 2—. . Fractures: horizontal. very closely and closely spaced. planar 1.3m
_— and open.

55.50 L 3.45
3.45 58 93 51 0 L Generally weak {variably moderately weak) thinly : it * t i

:— interlaminated to very thinly interhedded red brown in. E 3:15:
3.?5 _— SILTSTONE, mudstone and grey green and yellow brown 33:1:-

-—_ tine grained sandstone. Weathering: occasional black ::::::1
; discolouration on fracture surfaces. Fractures: horizontal, 1;: : : :3.
:- At 4.10m; 4mm irregular solution cavities with calcite : ;: 3::

4.40 P4 7 mineralisation. : 3 g : g:
53 90 54 0 i {2.00) ve closely to closely spaced. smooth. planar and g 3 g x g 3 g

-_ un ulating: vertical. smooth and planar to irregular, 120mm 3:31;:
:— persistence. 3:: it

4.35 P5 :- :E: E- :25.05533 cc :1. ::-:. 'x:

5.25 0 0 r it? x '15
5?.50 L 5.45 1,:

5.45 L Moderately weak thickly laminated yellow brown fine and ”ii
:— Frorn 5.55m to 5.?0m: irregular dissolution cavities with
_— r'ed brown staining and mineralisation up to 45mm.

0 0 L (1.05} From 5.35m to 5.90m; locally medium to coarse grained.
L medium grained slightly calcareous SANDSTONE with
E— occasional thin interlaminations of very weak grey green
_— From 6.25m to 5.45m; frequent rounded vugs {‘1 mm}.

5.80 P? 56 55 —__ 5 50 _ siltstone: rare very thin bed of weak r'ed brown siltstone.
5.50 ' ; ' At 5.45m: frequent subrounded dissolution cavities

38 25 ll 0 :—_ . [t3 ”-0) i25mmiwith occasional mineralisation. _ _
5.?5 _-' Fractures: horizontal. closely and medium spaced. laugh.

0 0 5B 05 ~— 7 90 _ planar with rey green silt infill up to 'r'mm. 'I .no vertical,
T00 ‘ -_ ‘ rough. undu ating and open.

:— Moderately weak to moderately strong red brown and grey
_— gr'een thinly interlaminated SI LTSTONE. fr'e uently thinly
: and thickly interlaminated. Fractures: horizo at, very closely

as 39 1g 0 -_ {1-25) and closely spaced. smooth and undulating.

first; 7 Poor recovery. Recovered as subangular to rounded
310 pg -_—' medium to coarse fragments of calcareous SANDSTONE.
ass-ass set one 54 30 :— s 25 Possrblv
3.25 35335 ‘ _— ‘ - - ._ Generally weak {_varrah moderatel weak) lrght grey brown

E— fine to coarse grained ANDSTGP E with occasional
3 ?0 P9 .— subangular to subrounded fine gravel size quartz clasts.

' : Fractures: horizontal {0 degrees to 10 degrees). very closely
'_ and closely spaced, rough. planar and open.

78 73 31 0 -_ Between 5.55m and 5.55m: locally mottled red brown.

1 Between 5.35m and 9.75m: frequent subrounded and
10135 -_ rounded coarse gravel size pockets of green grey

5.75—5.35 SF'T 10*}? 5 :— 00 lauconitic} silt.
9.?5 35535 _— {3- ) elow 9.?5m: poor recovery.

Remarks Scale oggedPrior to boring a Cable ufwoidance Tool {CAT} survey was can‘ied out. An inspection pit-was hand-dug to 0.70m depth and rescanned using the CAT ’(approxl by -
to check for services. Services were not located. :
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. . Slte fioregiole
um erc'mwul 50W 1111 WIDENlNG J21-so

WINNIE!!!” IIIIAICH EDI-I“ RC201 7

Machlne: Casing Diameter Ground Level (moo) Client idloo b
. . . urn er

Flush 14121111111 cased to 3.00m 63.05 Fugro Engineering Services Ltd WALDGm 1%

Core Dla: mm
Location Dates

Method : ZDIBQIE
447‘39? E 33?601 N

D tit e D
fig) TCR . . SCH _ RDD Fl Field Records ($655 _- 46f" . Description . I..1ep_lentl__t1!I

{rm - 111255] E

o o o o :1
g (3.00}

11.05 P1 11 9—
11.25 91135 51343:: “'25 NO RECOVERY.
11.34156 SPT 9"!75 2--

35:35 :—

o o o o _—_

g {2.70;
12.15 551r Z:
12.?5-123‘3 0 (I E! El SPT 35*1'45 -_
12.95 D12 :—

1325 I:
62 E2 212} D :_

13.75 0 o i:
49.1U -_ 13.95

13.95 D G D 0 L (0313) Generally weak {veriebl moderately week) light grey brovm
14.15 P1 1 43 30 :— 14 25 fine to coarse grained ANDSTONE with occasional
14.25 Casin Water ' Z ' subangular to subrounded fine gravel size quartz clasts.

Sample I Tests Deg“? Degth -_ Fractures: horizontal {D degrees to 10 degrees), very closel
{ l 1 l :— {D 75) and closely spaced, rough. planar and open.

14.25-14.23 SPT 35’125 351f E: MD RECOVERY.

zomsrzooe: 43-05 f:— 151””
20113912006: :: Complete at 15.1mm

E

Remarks __ Scale 0 ed
{approx} .hyflg

1:512} TL

Figure No.
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'32
- - G362 Slte fioregtole

um ercmlaew 50W M1 WIDENING J21-sc
WWIIMHINTIIIIAICH EDI-I“ RC2022

Machine: Casing Dlameter Ground Level (men) Ctlent idttnrle b
. . . um er

Flush 14Dmm cased tc 3.00m 55.05 Fugtc Engineering Services Ltd WALDGU’I 10A

Core Dla: mm
Lccatlon Dates

Method : EQIDBIE
447'5?5 E 33?301 N 3DJDBI

D th e D
ER) TCR . . SCH _ RDD Fl Field Records #51655 _- ,fift Description I..ep_'|t':m:l__¢1iI

{t - 'hess] E
Groundwater was _— E

ODD fl 0 not apparent during _— OPEN HOLE. 1
boring“) at DDDm. .—

DDO 103 3

NR c u I: -
4.61 W4D1 :_ {EDD}

E
Esmerzces:?.1um I—_9.00 — “'95 -_ 9")” we RECOVERY.
ZQMEIZUDB: :—

QDO WW1 .—
EBIDEIEDDE: Z

92 e? u o somerzeoe: Z
9.00-9DD :—
950-950 :—

Remarks ,bOQQEd

' 1"

TL

Flgure No.

Produced by the GEOtechnical DAtahese SYstern {GEODASY} {C} all rights reserved

Nick Davies
Sticky Note
None set by Nick Davies

Nick Davies
Sticky Note
MigrationNone set by Nick Davies

Nick Davies
Sticky Note
Unmarked set by Nick Davies



.- I Site EOFEEIOIE
lll'l‘l erlflslw50W on WIDENING .121-31) RC2022

WWIIMHINTIIIIHICH EDI-INI-

Machlne: Casing Diameter Ground Level {moo} Client idloo b
. . . urn El‘

Flush 14Dmm cased to 3.00m 55.05 Fugro Engrneerrng Services Ltd WALDoU‘I 10A

Core Dia: mm
Location Dates

Method : EQIDBIE
447'5?5 E ssrem N 3fi1031'

D tl'I e D
ER) TCR . . SCH _ ROD Fl Field Records @655 _- ,fifl Description Legends

{t - 'ltess] E
_— {2.00)

“130 1D.12!14.21,30,35 E NO RECOVERY (as previous sheet}
1 [130—1 13.69 SPT 1 001944 ‘—
1 Dill] D1 Di :—

13 Cl C

1 1,013 g D 44'05 L— ( Egg Brovm and dark grey slightly sandy gravelly CLAY. Graval is _
1 1.15 CI I] 43‘9“ :— { 7210-25 ‘lsubangular to subrounded medium to coarse of sandstone. i

1.135. _ 433 i 1 1'3 _ Recovered non intact as dark rey slightly clayey angular
1 1.40 92 6? D 0 p1 :_ “155) fine to coarse gravel of SAND‘ TONE

Z Moderatel stEron light gre brown fine to medium grained
j: 1:433 1 91 U n Eggfizel1.75 43.15 :— 1 1.913 — SANDST ferry closei’y to thickly interlaminated 1-r.rr'l:l'I
1 1 90 35.138 .— very' weak dark brown fine grained sandstone and siltstone.
11 ’30 100 100 35 D 0192 Z Lig tgrey sandstone contarns rare irregular pyritic veins

' L <5mm thick. Fractures are horizontal {0-10 degrees)
12 40 35; :— extremely close to closely spaced {Ell DIED} rough
12401.12 41 SPT 35,],13 .— undulating andp anar. occasionally infilled with up to 2mm
”‘55 ‘ M Z brown fine sandy silt.

E {1.90) Moderatel stron Ii ht grey fine and medium grained
73 '57 35 '3 :— SANDST NE w' equent very thin black wispy

.- interlaminae (<4mm}. Wrth rare2pyr itic veins up to 20mm
:' and occasional rounded vugs < mm Fractures are -

1 3 40 L horizontal (ID-10 degrees} very closely to medium spaced
. :— {3111901360} rough planar open to very open occasionally

135543-75 D 0 C3 .- infilled with up to 2mm brown silty fine sand. rarely up to
41 25 Z 13 3D 15mm soft dark rey clay.

13-30 ' -_ ' Between 13.0 In and 13.4Dm; 1 No vertical fracture -
14 00 D D :— rough. undulating. very open. clean.

I (3 III! :- Moderately strong gre medium grained SANDSTONE
Z extreme closely to c osely thinly interlaminated to thinly

14.413 '_ interbed ed with ver weak and weak black
:— MUDSTONEISILTS ONE. Sandstone contains frequent

‘35 'r'? 19 CI .— dark grey and black non persistent wispy interlamlnae. With
:_‘ occasional light brown surface discolouration on sandstone. m

14.90 _ _ _ 351' :_ {2.301 Fractures are subhorizontal (5-1.5 degrees} erdremely closely
14.90-14.93 SPT 35‘1'33 :— to closely spaced {51'5131'120} smooth and rough. planar and

_— undulating. tight to open. occasionally with up to 3mm very
E soft dark Eregmyclay. .
; From 1 to 14.240111 assumed zone of core loss. a:

D D :_ At14 40m; very strong cobble of quartz. calcite and "ii
.— pyrite mineralisation.
:— Between 15.30m and 15.90m; recovered as very
.— gravelly siltr'clay.

38.95 .— 16.10
16.113 :- Moderately strong and strong light grey medium and coarse

5’7 9? 73 0 Z grained SANDSTDNE with frequent becoming occasional
15-40 '_ thin black wis interlaminae and occasional rounded vugs

:— up to 4mm. Ith rare very narrow <2mm pyritic veins.
7; Occasional black discolouration on fracture surfaces. ‘ may;
i Fractures are horizontal (El-10 degrees} very closely to """"
-_ medium spaced (20” 201230} rough planar and undulating

98 90 $7 a E: open rarely with <2mm soft black clay. g

E 13.30.)
17.90 T__

E

1 3.951 9.21:1 cs L—

3gmgflggg; 35.65 :— 19.40
: Complete at 19.40m

someones: ‘—
BDMEIEDDEE 1 Elm :—

Remarks Scale 0 ed
{approx} "bf-39

1:513 TL

Figure No.
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Slle

M1 WIDENING J21-30

Trial Pit
NUI‘I‘IDQI’

OP2010
EXC avatlon MEII‘IOCI

Trial Pit

Dll'l‘IEI'Isl'DI'IS Ground Level (moo)
r1 .45

Client

Fugro Engineering Services Ltd

Job
Number

LOCEIIOH

447'152 E 336932 N

Dates
2?f09l2

Sample 1' Tests _
eats

(n3 Field Reoords sass {.nfiffiflsi Doscription Legend _ W
at

1 .00

1.50

2.00

2.50

Cl
K1

BE

C3

C5

BE

Groundwater was not
apparent during
excavationt 1} at 0.00m.

277.10912006:

27'r'09f2006:

{0.15)

4.193155
0.45

T1 .30

T1 .00

{1 .40]

F MADE GRDUND. Red brown slightly gravellyr clayey topsoil.
Gravel is fine to coarse. suhangular to suhrounded of

sandstone. coal. mudstone. quartz and plastic. Occasional
H rootlets to 0.40m. {Stratum I)

mf.g1

MADE GROUND. Stiff brown slight sandy slightly grams");r
silt. Gravel is angular to subrounde sandstone. coal. quartz
and occasional mudstone. Also occasional gravel size
pockets of coal dust. (Stratum ll}

Stiff red brown CLAY with occasional gravel of organic
matter. coal. sandstone and friable weathered mudstone.
{Possibty Made Ground}. {Stratum ll!) '

69.00
Stiff red brown CLAY with occasional subangular and
subrounded fine to coarse gravel of weathered friable
sandstone and mudstone. ("Stratum IV)

68.65
63.45

'i'
l'l

'|'
|'i

‘l‘
l‘l

'l'
I‘l

’l'
l‘l

'l'
l_

'i'
i'l

'I'
|'i

‘I‘
l‘I

'I'
I'i

’l'
l'I

'l'
I't

‘i'
l‘l

'I'
I'I

‘l‘
l'l

'l'
i’l

'l‘
l'I

'l
‘l
'l
'l
‘|
‘l
'l
‘|
'l
r

‘
l
l
l
I
l
i
'
l
l
l
l
l
l
I
l
l
1

1
l
l
l
l
|
I
I
I
I
F

I
I
I
I
I
I
[
l
l
l
[
l

Stiff light bromrfgrey gravelly CLAWSILT. Gravel is
lsuhangular, fine to coarse of siltstone. (Stratum V) J

At'3.00m; red brown weathered Mercia Mudstone on
floor of pit.

Complete at 3.00m

Plan Remarks

Scale (approx) Logged By

1 :50 HMS
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. . Site Flair?“
um erc'mww 50W M1 WIDENING J21-31)

WINNIE!!!” IIIIAICH EDI-I“ TPZOOU

Excavation Method Dimensions Ground Level (men) Client filob b
- - . . . um er

Trlai Pr! 53.95 Fugro Engineering Services Ltd WALDGW 10A

Location Dates
Eilflafl

447268 E 335961 N

D "gm ate e D
Sam ie f Tests e Field Records m6fi . fif Descri tien e end a

F ) p ' ("fl ’- 5 {'fni - 'i‘iess] p L g "E
— K'

Groundwater W35 ”0* ‘ MADE GROUND. Stiff red brown fissile ciayey gravei and ‘ E1
apparent during T cobbles of mudstcne. {Stratum I} '
excavattem 1) at 0.00m. _ At 111 Dm: TTRA1DJ 1992 two pair feeder cable and

— {0.5m cable 2 TR 2D31 i$sue A. A

.— K _ rs:
[150 B1 53“” .— D‘SD Grey green SILTSTONE recovered as moderately Week .-c $31233

— (D20) gravel and cebble sized fragments. w x3: x it he
’_ At 0.50m telecem marker tape. : x 3 2L:

2110912006: 53'.25 _ 0-70 '| At U.T0m; telecorn cable. broken during excavation.

zimerzene: .—

f’lan Remarks

Scale (approx) Legged By Figure No.

1:25 HMS
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. . Site attain?“
um erGeologic” 50W M‘l WIDENING J21-3l) TP2001

WWIIMHINTIIIIHICH EDI-l“

Excavation Method Dimensions Ground Level (mDD} Client “lob b
- - . . . um er

Trial Pit 54.65 Fugro Engineering Services Ltd WALDGDi 1C

Location Dates
lelflsfl

447'144 E 336013 N

D "gm ate e D
Sam ie i’ Tests e Field Records m6fi . fif Descri tlon e end a

F ) p ' (n3 ’- 5 {'i‘ni - 'it'ess] p L g "E

Water strike-i1) at U.DDm. 54.55 :—— (“3‘3” — MADE GROUND. Dark brown sandy topsoil. Sand is fine WW E1
.— 1110 and medium. {TDPSOIL ii

0.30 81 E {0.50)
~_ ' Moderately weak red brown MUDSTONE. Extremely closely

54.05 :— 0_6fl _ avery closelyr spaced randomly orientated joints. {Stratum _=:

arm 32 :i . . . . . . —_—'030 93 __ (I) 30'] Firm and stiff slightly fnable red broom and occasionally light _ _
:— ‘ grey CLAY. With fragments of subangular fine to coarse of _
_— rnudstone. [Stratum lil} —__—-

‘lA-fl 554 3% I. D1 14‘? Moderate strong grey thinly laminated SILTWONE. .. x .. x m
1 fii’DBi’EDOfi: :— ( ' J Recovered as tabular cobble to boulder sized fragments

:— 1-50 5mm to 3Drnrn thick. {Stratum IV}
16103:“21306: Z

5—. Complete at 1.50m

Plan Remarks

Scale (approx) Logged By Figure No.

1:50 OP
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. . Site Flair?“
um erc'mwul 50W rm WIDENING Jzi-eo

WWIIDNHINTIIIIAICH EDI-I“ TPZOOZ

Excavation Method Dimensions Ground Level (moo) Client filob h
- - . . . urn er

Trrai Fri 53.65 Fugro Engineering Services Ltd WALDGDi 1%

Location Datee
ZHBQIEE

447'184 E 336136 N

D [Em ate e D
Sam ie 1' Tests e Field Records m6fi . fif . Descri tion . e end I!

F ) p ' ("fl ’- 5 {'rm' - 'iiese] p L g "E

Groundwater was not MADE GRDUND. Red brown grave! and cobbles of K ‘ E1
apparent during mudstone. Gravel is angular and coarse. {Stratum I}
excavationr 1} at 0.00m.

0.50 Bi
(1.51:!)

.
:7 I I “—I I Yr1.50 SE J. '15 15D Grey laminated SILTSTONE. {Stratum ll} :3: x i :1:

{new gees;
56.55 2.10 " " ‘ ‘

21m9f2006:

2110932006: Complete at 2.1Drn
'i'

i'i
'|'

l'i
‘l'

i‘l
'l'

l'i
‘i'

i‘l
'l'

l_
'i'

i'l
'I'

|'i
'I'

]‘I
'I'

|'i
']'

i‘I
'|'

I’i
‘i'

i‘l
'l'

,'I
'l‘

l'l
'l'

i‘i
'i‘

l"
"I

'i'
i'l

‘['
I'I

'i‘
i'l

‘lf
ll'

i‘i
'l'

l‘l
'l'

i'l
'l‘

l'l
'l'

ri'
l‘l

'lr

Plan Remarks

Prior to excavation a Cable Avoidance Tool {CAT} survey was carried out.
Services were not encountered.;i‘~looreoai or olfactory indication of
contamination was observed.;0n completion the trial pit was backfilled with
compacted arisings. :

Scale (approx)

1 :50

Logged By

HMS

Flgure No.
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. . Site firiallt
um erc'mww 50W M1 WIDENING J21-3i)

NATUIILIHVIIDNHINT IIIIAIIH EDI-I“ TP2004

Excavation Method Dimensions Ground Level {moo} Client fiob b
- - . . . um er

Triai Prt 64.15 Fugro Engineering Services Ltd WALDGDi 111

Location Dates
erroerz

447'1T5 E 336336 N

Delgtn ate e D
Sam ie f Tests e Field Records mdfi . fif Descri tion e end In

( ) p ' ("fl ’- 5 {'i‘ni ' frees] p L g "E

Groundwater was not :—— (0,20; TDPSDIL. {TOPSOIL I} 2% E1
apparent during 63.95 .— 523. ‘ ruse—Hg.
excavation“) at 0.00m. :' {03,03 Red brown and iight grey MUDSTONE and SILTSTONE.

63 65 Z '0 5D Hard and slightly weathered. {Stratum {I}
_ _ . "1 w :i: a?

9-50 E“ .— {025} _ r. ::::j:-;':63.40 3 035' _l Grey SILTeTONE. {Stratum III} F%

6315 f_ "1%? w Red brown moosroms. {Stratum M r=f
Z: (“-3”) Red brown MUDSTONE interbedded with re SILTSTONE.

62.357 gig?) '— (Shah-“11W g y l VIII-Elf!

elm: {1'45- . . .. . "”H
1 .45 32 21m932g0fi; :— ‘ Weak to moderate weak grey SiL'I'STONE. ifStratum Vi} ‘

21merzooe: :: Complete at 1 .45m

Plan Remarks

Prior to excavation a Cable Avoidance Tool {CAT} sunrey was carried out.
Services were not encountered.:i‘~lomedal or olfactory Indication of
contamination was obsewed.;0n completion the trial pit was backfilied with
compacted arisings. 2

Scale (approx)

1 :50

Logged By

HMS

Figure No.
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. . Site Flair?“
um erGenital“ 50W Ml WIDENING J21-3l)

NATUIILIHVIIDNHINT IIIIAIIH counsel. TPZOOS

Excavation Method Dimensions Ground Level (moo) Client fiob b
- - . . . um er

Trial Prt 62.30 Fugro Engineering Services Ltd WALDGDl 111

Location Dates
lGIDBIEE

447'12? E 336392 N

Dength ate e D
Sam ie 1' Tests e Field Records mas . fif Desert tlon e end In

( ) p ' ("fl ’- 5 {'l‘hi ' 'it'ess] p L g "E

Groundwater was not 62.713 :—— (3'10) MADE GRDUND. Dark brown sandyr topsoil with many w‘bfh E1
apparent during .— U-1 D -| rootlets. (TOPSDIL I)
excavationl 1} at 0.00m. Z _

>_ {D 3m Red brown gravelly cobbles of MUDSTONE. Gravel Is
950 Bi :— ' angular and sub-angular fine to coarse of mudstone.

E Betziueen fi‘fiiglm land D.?5m: lenses of light grey =
-_ mu sto e an si tstone. —:090 32 61.90 :_ use light“ fl, [

:— tDfiO) Weak becomin stron or with depth thinly.f laminated red _
.— brown MUDST NE. eakness probably due to weathering. E

11.4.9 :33 m .31} "_ 1 5D With occasional boulder sized lenses of moderately weak
161084’2D0fi: ' :— ' 1 At base: moderately strongl.

:— IIght grey mudstone and suits ones {Stratum llli
ismsoooe: Z

5—. Complete at 1.50m

Plan Remarks

Scale (approx) Logged By Figure No.
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- - Site ariallt
lll'l‘l ercmmew 50W M1 WIDENING J21-3i)www.mmmuunflum TP2007

Excavation MEII'IOCI DII’I‘IEI‘ISIDI‘IS GI’OUI'I'EI LEVEI (man) CHEM it”) b
- - . . . urn El‘

Trial Prt H.110 Fugro Engineering Services Ltd WALDGDi 111

Location Dates
lelflflifi

447'1D4 E 336?51 N

Dength ate e D
Sam le 1' Tests e Field Records mdfi . fif Descri tion e end In

( ) p ' ("fl ’- 5 {'i‘hi ' 'hess] p L H "3

Groundwater was not 7'9 35 :—— {H.153 MADE GRDUND. Topsoil with many roots and rooflets. @151; E1
apparent during ' .— 0.15 ”IUDPSOIL I) .c x x x ._ x t
excavation“) stD.DDm. Z _ _ iiiiffiii

>_ Very weak and weak becoming stronger wrth depth dark :5 ::_; *:
[150 Bi :— orangeibrown SILTSTONEISANDSTONE. With some :1: fig:
0.50 [12 _— gravel sized ookets and thin laminae of red brown 1:13;:

Z {1 45} rnudstone. ecovered as friable clay with many cobbles of 1 3: 335;:
.— ‘ very weak silty sandstone. Extremely to very closely spaced 313;:

1 .DD [.3 :_ randomly orientated discontinuities. Often with very thin 2; : i ; :3:-
.— {<1rnrn) blue mineral coating. {Stratum ll) «3:: 5:3

. . : Belov.r 1.40111: moderately weak and dark red brown x 3:
1.50 B4 69.40 :— 130 -[ siltstone. '

lfiMB/‘EDDE: Z

massacre: 51 Complete at 1.60m

Plan Remarks

Scale (approx) Logged By Figure No.

1:50 OP
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- - Slte Emu?“
lll'l‘l erc'mww 50W M1 wroemne J21-3l) TP2013

WWIIMHINTIIIIHICH EDI-l“

Excavation MEII'IOCI DIITIEI'ISI'DI'IS GI’OHI'I'EI LEVOI {man} Client 3:01} I}

- - . . . urn El‘
Trial Pr! ?4.30 Fugro Engineering Seances Ltd WALDGDl 1C

LDCflIlOl‘l Dates
reroae

447'168 E 33?240 N

D "gm ate e D
Sam le 1’ Taste a Field Records m6fi . fif Desori tion e and a

F ) p ' ("fl ’- 5 {'l‘hi - frees] p L g "3

D 15 CE Groundwfier was not 7.4 15 :—— (£31155) TDPSDIL ll} 26%- E1
- apparent uring ~ I ‘ Possibly MADE GROUND. Light brown clayeyr sand}.I gravel ' .

3112 :2; excavation“) at 0.00m. :— and cobbles. Sand is fine. Gravel is angular and
0'50 BS : {D 35) subangular fine to coarse of sandstone. mudstone and
0-50 CE -_ - ‘ interlaminated sandstone and mudstone. Cobbles are
0-50 K4 L angular to suhangular of sandstone and siltstone with ’3
0-50 K5 :— mudstone laminae. With occasional angular boulders of

- 73.30 .— 1-30 “ sandstone. {450mm x 320mm x 120mm}. {Stratum II} t x 1; Sf:
remarzooe- 7320 3 “1“” _

' :Z 1-19 Moderately weak red brown SI LTSTDNE. {Gtratum Ill}
lfilfleflfififi: _ .

:— Complete at 1.10m

Plan Remarks

Scale (approx) Logged By Flgure No.

1:50 OP
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. . Site firiallflt
um erc'mlflsiw 50W 041 WIDENING J21-30

WWIIDNHIIT IIIIAICH EDI-I“ TP2019

Excavation Method Dimensions Ground Level (mDD) Client “lob b
- - . . . um er

Trial Fri 5?.65 Fugro Engineering Services Ltd WALDGIEH 1%

Location Dates
Zilflafl

447'535 E 33??60 N

D [Em ate e D
Sam le 1' Tests e Field Records m6fi .. fl . Descri tion . e end I!F ) p ' ' ("fl ’- 5 {'rhi ire-as] ” L g s

Groundwater was not :—— MADE GROUND. Red brown sandy gravel. Gravel is K E1
apparent during .— coarse of flint. With angular fragments of metal. Becoming

0.30 81 excavatiom 1} at 0.00m. E {030-} silty with depth. {Stratum ll

0.50 c: Z:
3:3 :3 55.35; 5.5.
0'?!) CE .— MADE GROUND. Brown sandy silt with occasional ’8

' -_— fragments of vitreous slag, clinker and cobbles of slag.
:— mam {Stratum II}

50.05— 1.00
: MADE GROUND. Red broom and mottled black clayey
; sand. {Stratum ill} I

:: {1.10}

54.05 :3 2.70
2171) 33 Z mommy MADE GROUND. Firm sandy ciayl'silt. {Stratum

3: {1.50;

53.45 i: 4.20
E {Q30} Probably MADE GROUND. Slightly clayey yellow brown fine

53-15 '_ 4-50 1 sand. {Shatum V} r

4.50 54 21m9r2005: :—
21ID932D06: :: Complete at 4.50m

Plan Remarks

Prior to excavation a Cable Avoidance Tool {CAT} survey was carried out.
Services were not encountered.;l‘~lo-yisoal or olfactory indication of
contamination was obsewed.;0n completion the trial pit was backfilied with
compacted arisings. :

Scale (approx) Logged By

1 :50 HMS

Figure No.

Produced by the GEOtechnicai DAtahase SYstem {GEODASY} {C} all rights reserved
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. . Site finals?“
um erc'mlflsiul 50W rm WIDENING J21-30

WWIIMHINTIIIIAICH EDI-In TPZOZU

Excavation Method Dimensions Ground Level (moo) Client ihlob b
- - . . . um er

Tnal Fri 50.95 Fugro Engineering Services Ltd WALDGDl 1%

Location Dates
28.!09l

447'506 E 33?820 N
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Vegetation over siltylciayey TOPSDIL with some rootlets and 2%; E1
{0.30} occasional roots. rare fragments of metal and frequent a}? 7“
D3“ "[lirnestone ballast. {Stratum l}

(0-50) MADE GROUND. Stiff to firm grey brown mottled orange
slightly sandy clay. {Stratum ll}

0.30

{0.50) very sandy silt. {Stratum Ill}
MADE GROUND. Soft to firm grey orange brown sandy to ’8 .

K

{Ell-73% 01a TOPSDIL. Dark greylblack soft silt with some to $k
1-45 frequent amorphous plant remains and rare'cobble's of

{0-15} sandstone. (Sli'awm IV} Old
1 .50

MADE GROUND. Pale grey locally white m
to a silty sand. Locally a slightly silty sand ‘
cobbles of mudstone, subangular gravel of White grey
sandstone and some plant remainslroots. (Stratum V}.
Possible archaeological featuue.

very sandy silt
occasionally

MADE GROUND. Very soft dark blue greyr slightly sandy " .4
(2-40) sli htiy graveliy clay with frequent plant remains and some .

co bias of sandstone. Becomes firmer with depth {soft to
firm). With occasional plant roots. {Stratum Vii. Possible
archaeological feature. Possible .

At 3.50m; friable siltfciay with some mudstone and
subangular sandstone gravel. slightly sandy.

4.00

MU STONE.
“110.) -| Ver weak thinly laminated dark grey weathered
4.10

Complete at 4.10m

Plan Remarks

Scale (approx)

1 :50

Logged By

MW

Flgure No.

Produced by the GEOtechnicaI DAtabase SYstern {GEODASY} {C} all rights reserved



. . Site
Number

Gmww 50W tilottingharnshire;f Derbyshire CCrfit t‘iMCSE Upgrade 021A
WHWIIMHWIIIIAIIH CW“

Excavation method Dimensions Ground Level (moo; Client glob be
um r

Drive-in Window Sampler 37,00 Highways Agency - . .-- -F11451

Location Dates Engineer Sheet
2GFDBI1999

44?‘i16.?1 E 336605.85 N WSP Environmental Ltd 1E1

th Brat Le "
EB Sam to i Tests e Field Records .1155 ._ . Desert Ion Le end {a

of l p ' ("5% I 5 Will unseat 9‘ ' g "E

:—— 0.20 .66.80 __ (”‘20) H TOPSOIL

Did-{1.90 0&1 D blows Z MADE GROUND: Reddish brown mottled greyr sand}.f clay
‘— with some fine to coarse angular gravel sized fragmentsgof
:— rnudstone-and sandstone.
I {1.00)

6530 :: (31%) Stiff, greenish grey slightly sandy CLAY with some fine to
1 Mid 80 fit)? 0 blows 65.60 .—_ 1.4 ,1 coarse angular gravel of mudstonelflm__________ ___________I

Z— (0-49} Stiff liar“ stiff reddish bigown slighti sagdy OLA}; nigh
T u oarsenurrae mut..'zeroerreeezoom 55-29 E 1-3“ 1 $9313“e lblcudstong)g g v D 5 one I '9 W

zoroanese: :—— Complete at 1.80m
ZDr‘OBiiSQi-itflflflm E

E

Remarks Scale ogged1. Inspection pit GLio-fmfim (mom .1: {1.50m}, 2. Hole terminated at 1.80m. 3, Hoie hasirfliied with" gnnut. 4‘ Borehole dry: 5. MarkerPost Ref {approx} by
19435.+30.'fi. Hole backfilled with grout.

1:50 NBR

Figure No.

Produced by the GEOtechnicai DAtaiaase SYetem {GEODASY} {C} ail rights reserved



1‘ 5660 — RESEARCH LTD. 6 K l+3 Ngfl 9‘ .3,“ Na. 250A
COMM“ BIRMINGHAM-VUFTINGHAM MUI‘ORWAY M42 SHEET No. 1

; LOCATION CASTLE DONINGTON SECTION IIB Numishlfl! 2
‘ ,. .
i CLIENY 1 ”MW“ CASING Ground LmIx .r—
I M-R.C-U | I, s: m. s... ,!___Esa_
' DERBYSHIRE COUNTY COUNCIL ‘5" “if m Cammanced 1/12/72
! SUB-UNIT a. Cumpleled 20/12/72
I Weather . Grains; Paging Sue THIAXIAL 1231 '
, RAIN/DRY mm_m mm mm‘mm u“ wwren

— 7 . 2a m ‘ .- Bun} 0w. :5";
; STRATUM. (ScaleLZDmmmlmflII) mlym M r" r'“ '33:: 3232‘: 9-"? "EM‘RKS

‘ l DemwS-mvk 2 mm an: ISO 75 «mi
‘ ‘4 macaw“ 7m "°’ 8 sultsrflanvolher'rests lo
1 Dark brown sandy

TOPSOH. 0 35 U ’55

1 0.50 m.
‘
‘ siltstcne fragments 1 co m.. (Hanan-ed Kanpur '. . Hater Addad'1 MaVerstunes) 1‘15 1.50
am msfltcly

moaned green/yam»:
snrs'rcx. fine“ 2.00 0P1(«4‘ W o s; 15 132 0c D, Em
tbdarataly weathered, at 2.150
slightly wuwemi at Gas 1111
£5.00 - 10.0%, mmy Hater n11

‘ intur'nedded, gum, Rom-y mm:
2 locally mm or gay commenced
[ becoming av. 8.0m: 19/12/72
{ 5pm and red coax-ac vs a Loon

1 ma smy, mu whilst upen-
sandy, locally um. ' home.
sTUI'E and

(iv)

9.1m

REMARKS; . c. 5. R. COMPACT'ON
. , w b .. ' Q 5. Max.

NH‘E Hid) a vxace of Earl. Af' TVD‘ TOP BOTTOM ' ‘377 Dvy 0mm.

(huge: "am—smug) was ml 0.2 0.x 0.7 Na. Denmy W:-

V :
' ' Copynghl Reserved g I

i > - I 6



: GEO — RESEARCH LTD. S ‘4 [+3 Nt’ gigs/H Na. 250A
- n v v 21 CONTRACT BmLHNuHALLNO’Z‘TIhGHAM MOTORWAY M42 SHEET M

1 LOCATlON CAS'J‘LE DONINGTON SECTION IIB “manna, 2

> PLEENT CASING Ground Level
1 M.R.C.U. [0 Six, m 77-553
I DERBYSHEIUI; COUNTY COUNCIL Commenced 1/12/72

-UNTTt Completed 20/12/12
‘ Weather Grading'fimng 5.942 YRIAXIAL YEST

! EAENI‘DRY mm,nm.m mm mm “urea

I I . 75!:0Em mi: :1q Dell-125.1.
‘ SYRATUMJSrzl-flflmmxolnm) ”Mew“; MUM“... ”4),.“ ‘2'; SW; Wgyg'.” REMARXs
1 Drum Sample (m zwlwolm m 75 “4.:

1 x. mans 2,, “°' LLIFLIP‘ 7. a lnuhny mm. m“ | m

Moan-mu weathered, "
slightly Heathn'ad at

5.00 — 10.00n, mmy
* intarhedded, men .

1.00 10.
‘ Borlhola Cowylete

|

REMARKS: m; c. a. R. COMPACYlON
V . V 35, lb!

' and m :aarss gassed may in» ‘ W " Au r T0? BOTWM a ' 09'“
I , #7A_ Q
l sandy, local—tr Nady, 311,75;m nvw. Venus W” cm 0.2 0.! 0.2 V3.“ 1N: angry! “0

and SMESTOEIE ‘ i

(iV) ?

Copyright Reserved : 1 ‘
I Fm nvrw n'mhnlc ”W up nvnrlnaf



j. GEO — RESEARCH no. 5K 4-3 N awn/n No.

Copyngm Reserved l I L

25?

CONTRACF BIRMINGHAM—NOETINGHAM MOTORWAY M42 SHEET No‘ 1

LOCATION CASTLE DONINGTON SECTION 113 "may...“ 1
CLIENT CASING Ground Llul 75. 847

M.R.C.U. . Sin In. Six! to. ____—__
-‘ DERBYSHL‘RE COUNTY COUNCIL .51 Commenced 30/11/72

SUB—UNIT Comple‘ed 15/12/72
Weamer iadIng!‘ mm 51m TRIAXIAL YES!DRY WWW “In” M u m mm

1' 5.: 20m I l 2 °' vs ‘40 20 ‘0 s 02:25? 55:; .333":iYRA um le: mm men: ‘ ..
. um w W r'“ w K m, 1 9—1: REMARKS
| ' ““1o we no Isa 75 gm m ‘W
5’ L mam-s 2 n N" 7‘ a llsolany mun-m In

‘bv-m. rowan. o 30 0 30
. _ 91 Dry

'Fn'n. became Ila-“i. 0,50 n me 2090 1“ 1m1izmnsecmm a: 1.00m, (100 x 2m result) We
highly weathered ,
(weathering lessening 1-00 3% Dr,

I am: dapm) gun‘ .‘shgltly ' 1.20 1.3113 (x: of Eating
Haghly weathered, a 1.5m
becoming moderately an 511
weathered at 7.00m, Ham 2:11
W hadded, buff/ Ram Drilling
gram, fine sandy and calmed
coarse silty. nearly 1542/72
co moderately uemmcad, vs n 1500
1am micaceous mt 0pm-
sumsmm mung
(M

,50 9.00

REMARKS: CA 8. RV COMPACYION
~ aicnceuus snwswzr. and fine summits. ‘ rm 1 “3" “077°” Value 55' M" 0"”

(Keuper unemones) 1 " 1 0H 02‘ m a: MC-
(ii / 1 0'1 p.50 6% 5mm 2 = 2 2 2

) ( 7) 1 IL 7% E g 1500 14 c”
1

For cum Symbols used see uverleal



Scott Wilson Kirkpatrick
coeeuurueeaerueeu Sussé '1'”4.. ubblb‘ 30%‘8

TRIAL PIT LOG
TRIAL PIT NoProject DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

Job No Dale Ground mu (m ADD) A Co-Oruinatee (Inca!) 9678 1 I; 3g 0 14-3-90 30.10 1556,6413 N 100,48“
Contractor , Sheet ‘1¢ Soil Mechanics Limited I ah

SAMPLES AND TESTS SKETCH OF FACES SHOWING DEPTH
Type Depth Strength A B C D

C ‘I I I I

=_ 2 _= a _=
m 1.10 E 2 I ZJIA 1.10 : j‘ :

r 4 -

m 210 T 3 ‘. 1' '.
12A 2.10 ' : : Z

: z, : : :- 4 - -1- ; : “:
l E E E
. . r .

> : : E

No. Depth STRATA DESCRIPTION
1 QED-0.30 'IDPSOIL

2 0.30-1.60 [nose hm and orange brown sandy SILT with ocmlmal pockets of yellow silt and occasional up to cobble sized pieces
of weakly cemented ml.

(MADE GROUND)

3 1.60-2.60 Dense reddish brown slightly sandy submgular to submunded medium In coarse GRAVEL a! predominantly quartile.
(1'1m DEPOSITS)

4 mull: Dense brown sandy subrounded lo aubangular line to come GRAVE. of predominantly quartzite with subangular to
aubrounded cobbles.

(FLUVIAL DEPOSITS)

-PI..AN _' Sho ' Slabili"_ 1:, —' + nng/ Rahal-in; used / Unstable below 1.60m
W D B W Bearing Groundwater

r C l 130 o Walel' aeepage at 1.20m
1—— 100 -- '..__._"""" ,

All dimensions in metres 0a DepTTtment of Mt LoamScale 150 Transport Cat 428 By 16?
Form A3



Scott Wilson Kirkpatrick
CONSULTING EIGIIEEIS

Sbuasc 0.?
mafia -- 39mg.‘h

TRIAL PIT LOG
TRIAL PIT NoProject DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

Job No Date Glound Level (III AOD) CoOrdinnea (Inn!) 9738?] l;‘3_0 9-8-90 30.50 £66,825! N1M,654.5

Contractor , , , Sheetw Soil Mechanics minutes! 1 on
SAMPLES AND TESTS SKETCH OF FACES SHOWING DEPTH

Type Depth Strength A B c D
I

I i : I I I
I 2 3 : : ;
E t. 3 E 5

Bl 0.90 L . 5 '- -:an 0.90 ’ 5 ‘ ’ '

m 1.70 I I Im 1.70 L 6 _‘ L .1- - - ‘1I 2 . i
33 2.50 ' 7 ‘ ' ‘13A 2.50 - - r -: 8 : : :

No. Depth STRATA DESCRIPTION
1 (LCD-0.10 TOPSOIL and concrete slab.

2 (110-025 Finn ligltl bmn clayey SILT.
(MADE GROUND)

3 0.25-0.35 Loose hm rounded fine to 00am GRAVE]. o! predominantly quartzite with some and.
(MADE GROUND)

4 0.35-1.20 loose brown mottled yellow silty fine to mane SAND with occasional rounded to aubrounded fine to course Fuel.
(MADE GROUND)

5 1.20-1.15 Dense yellow hm very sandy subanplar to subtouuded fine to medium GRAVEL ol' paedominanuy quartzite.
(POSSIBLE MADE GROUND)

6 1.15-2.40 [nose dark brown fine to mane SAND with much aubangulnr to wbmnded fine to medium gavel.
(FLUVIAL DEPOSITS)

7 2.00-2.60 Dense dark grey fine to man: SAND with much subangular to surrounded fine to 00am gravel and msional cobble;(FLUVIAL DEPOSITS)

8 2.60-3.00 Dense bluwn Illinly bedded heady eubnnuulur to submnded GRAVE. of predominantly quartzite and line to use
SAND.

(FLUVIAL DEPOSITS)

PLAN Sham—"g / Stabili‘— 7-: —" Ngyahoring used / Unstable below 2.6011:
1.10 D B 1.10 Bearing Groundwater

C 50 0 Water strike at 2.8011:
~1— m ----u- “““““ -

All dimensions in metres Diem Department of HIM lAll!“Scale 1:50 Transport Cat 423 By lGP



Scott Wilson Kirkpatrick
cousunluesuuuztns Stu-556 Bl

“" um38 - 303493TRIAL PIT LOG
TRIAL PIT NoPinion DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

Job No Date Ground Level (n AOD) Co-Oluimwo (local) 9818; lg l; 3g 0 11-9-90 31.10 E 100.3914 N66364:
Common- , , , , Sheen¢ Soul Mechanics Lumetod E on
SAMPLES AND TESTS SKETCH OF FACES SHOWING DEPTH

Type Depth Stron A B C D
11 (no i ‘
12 0.50 2 E :‘

3 3'3? : : 37° 3
‘5 ° 75 .- '.' T '.
v 1.30 33mm: ; 3 3

E E E
I- -I I- E 3 -I

L 4 E 3. I. .3
an 3.40 _ ‘ ' «117 3.40 . I I I

No. Depth STRATA DESCRIPTION
1 011L020 loose my SILT with some angular to rounded fine In coal-I: gravel and will: continual cobbles and bricks.(MADE GROUND)

2 0.30.65 Finn orange blown silty fine SAND with occasional brick (gamma.
(MADE GROUND)

3 0.65-3.11) Farm my vory daycy SILT.
(MADE GROUND)

between 0.65 and 0.75m. mixed Willl moan lam assaying plant material.
4 0.55-3.50 Dense brown sandy angular to rounded fine to course GRAVEL of predominantly quanzilc.

(FLUVIAL DEPOSII'S)

Conan between strata Sand 4 dipping” 31mm 1154:;

PLAN Sho ' Stabili'— "Am—b, nng/ [y Noshoflngused/Szablc
0D D B m Bearing Groundwater
f C i 30 o Slight seepage at 3.00m«0— um —I- ‘______,f """

All dimensions in metres Client Deparunent of . Punt toned
Scale 1:50 Transport Cat 428 By [GP

FounAS



Scott Wilson Kirkpatrick
cousurrtloiuclusus 8k..u.3.8(: I32.

A

TRIAL PIT LOG 4w39-303333
PIT Nrm DERBY SOUTHERN BYPASS GROUND INVESTIGATION comer 4 “raw. °

JobNo i Data Gmdltvcl (In ADD) Co-Ord'tnates (Inca!) 981A331315530 11-930 34m 1366,9646 111003103
(:t . I v I Shut(9 Soul Mechanics Lamitod r on
SAMPLES AND TESTS SKETCH ofiAcas SHOWING DEPTH

Type Depth Strength A B C D
Ir

r
r
v
v
r

_‘
\w

II
VI

v-

N

r
t
t
t
t
l

l
l
l
l
l
l
l
l
|

r

I
I
I
I
'I
I
I
I
I
I
I
I
I

,.A
ll
ll
ll
lI
I
I
J
I
J
I
I
I
I
I
I
I
I
J
I
I
I
I
I

A
l
l
l
l
l
l
l
I
I
I
|
I
|
I
I
I
I
I
I
I
I
A

A
A

I
I
I
I
I

1
1

1
ll

l
l
l
l
l
l
l
l
l

No. Depth STRATA DESCRIPTION
1 0.0041!) firm brown mottlod wand}: CLAY with some angular to rounded the to coaue pawl. occasional bricks andocusioml organic remains.

(MADE GROUND)

2 LCD-1.30 Firm my SILT.
(MADE GROUND)

3 1.30-1.70 Son to firm bro-m sandy CLAY with some angular to roandcd fine to sou-u navel.
(ALLUVIUM)

4 1.70-1.75 hose dark grey randy organic SILT with tome emote remain: and occasional nabangulu to rounded fine gavel.(ALLUVIUM)

Contact between strata 2 and 3 dipping at 65 dc; to 130 do;

PLAN _ I Shoring / Stability"'— I? *" ’ No shoring used / Stable
m D B :1!) Bearing Groundwater

C o.... m _. -320.-- D"
All dimensions in metres | men: mum-um" rum LowScale 1:50 Transport Cat 428 By mp



Scott Wilson Kirkpatrick Stu-1356. I3Ll
CGIISULIIIIG ENGINEERS_ twat"). "3045? ‘2

TRIAL PIT LOG
TRIAL PIT No

Project DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

Job No 3‘ g z Date Ground Level (in ADD) Co-Ordinates (but) 982
8; 1; 1g 3; 0 11-9-90 31.10 E 66,9318 N 100.4124

Contractor Sheet¢ Soil Mechanics Limiter-id 1 all

SAMPLES AND TESTS SKETCH OF FACES SHOWING DEPTH
131): Death Strength A B C D

11 01]) . I
- . _

x 0.40 E E E32 0.45 2 . . _
13 0.45 2 I 2
at 1.10 3 ' ' —._ __ _‘w wis 1.10 :U; 3

I. 2 I 2
gs 1% ‘ ’ ‘

1. _ ‘ ‘_ _‘19 1.90 5 a - -
BID 1.!) ' .
111 2.30 ' 6 : : 3
B12 140 _
113 2.40 : 3 : g

F I I :

: : t :
I I C J

No. Depth STRATA DESCRIPTION
1 000-030 Dense grey brown very clayey SAND with much angular to rounded line to coarse gavel of quartzite. ash and coal with

occasional bricks and pieces of concrete.
(MADE GROUND)

2 030-1.“) Dense reddish brown silty fine to course SAND with tome Iublngullr lo wbrounded fine to course gravel. Intermixed
with dense grey silt.

(MADE GROUND)

Al 0.50m. 38mm diameter armoured able (declared dead by EMEB)

3 1.00-1.20 Finn dark grey natty GAY with some mph: to rounded fine to course navel and with some ornate material. with
ocmioml up to cobble size pockets of and Ind gavel. With rare piece: of bamboo cane.

(MADE GROUND)

4 1.20-1.80 Finn grey mottled orange brown very silty randy CIAY.
(ALLUVIUM)

5 1.80-2.30 Dense bro-m very sandy angular to rounded fine to course GRAVEL ol' predominantly quartzite
(FLUVIAL DEPOSITS)

6 230-2150 Dent: brown randy angultr to mended fine to com-u GRAVE. of predominantly qurtzite.
(FLUVIAL DEPOSITS)

Between 2.30 and 235m. stained black.

PLAN Shonng' Stability4“— "? —" I No shoring used / Stable
0.!) D E w Bearing Groundwater
I C I 125 0 Dry

«1— Mon -——t- ------ 1-

All dimensions in metres aim Departmental I'm" Inland
Scale 150 Transport Cat 428 By IGP

Forum



Scott Wilson Kirkpatrick suase .35
cousunluc EIGIIEEIS

A l‘fiSq ' SOSIO
TRIAL PIT LOG

TRIAL PIT No
Project DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

Job No Dale 0mm level (n AOD) Co-Oldlnnes (mm) 985
85; I; I; 3§0 8-8-90 30.10 366.3643 11100.34?»

Contractor . . . - 5M"w Soul Mechanics Limited It on
SAMPLES AND TESTS SKETCH OF FACES SHOWING DEPTH

Type Depth Stlen I: A B C D
‘ l I ’ 2

31 am 2 3 - 3
“A 0.50 ' '

s a 5 2 a32 1.50 - . . 4
12A 150 ~ 4. - - .
v 1.75 mm:
33 1.95 ’_ 5 _‘ '. _'v 1.95 ram/m2 - 5 . . .

13A 1.95 Wm
v 2.18 ukN/mz - . - <an 2.50 : 6 : : :m 250 _ . _ ,.

; 9 j *_ _'
: 2 t hh:

E 2 i
No. Depth STRATA DESCRIPTION

1 0.00-0.10 TOPSOIL

2 0300.90 lame light brown silty fine to come SAND with me fine to medium gravel sized brick fragment: and many rootlets.
(MADE GROUND)

3 0.90-1.70 a blue-n very silty CLAY with some fine and and occasional subangular to subtended fine to come gravel.
(MADE GROUND)

4 1.70~l.80 So“ my CLAY with some reddish blown fine in mm and end we limestone cobbles.
(MADE GROUND)

5 130.215 So“ but slightly undy CLAY.
(ALLUV'IUM)

6 2.15-2.20 Sol: lighl grey sandy CLAY will: some black organic amend.
(ALLUVIUM)

7 2.20125 Dense yellow rounded to subangular fine to wane GRAVEL a! pledomimlly quamile.
(FLUVIAL DEPOSITS)

ll 33-170 Dense reddish bro-m medium SAND with (mm-l sublngulet lo submnded fine to tau-n: y-vel.
(FLUVIAL 0305115)

9 2.70-3.10 Dense reddum hm slightly undy 01.1m to subangullr fine to medium GRAVE. ol pndomimnlly quarulle with
W

PLAN Sho ' / Subifi4"— ? "fl' ! nng Notyshorlng used / Unstable below 2.25m
Li! D B 113 Bearing Groundwater
l C l 220 o lupul seepage at 2.25

«0— m --I- ------- I

All dimensions in metres Glen! Department of PM" LOW
Scale 1:50 'l‘nnsport Cal 428 By my

aAJ



Scott Wilson Kirkpatrick Suase use
COISULrtucEIGIuEEIs qtggoq-aptms

A

TRIAL PIT LOG
Project DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

TRIALPIT N0

’d’m 81130 3.3.90 30.40
Date Ground Level (III AOD) Co-Oruinates (1m!) 987

E 66,8342 N 1130,4424

Contmor . . . - M¢ Soul Mechanics Llrmittd n on
SAMPLES AND TESTS SKETCH OF FACES SHOWING DEPTH

'1p Depth Strength A B C D
C I 2 I :

32 0'70 : 2 I I 112A 0.70 I I I I:/—-—3=~m_..—nam_hfl_~‘: _ J..........M‘- _

C I I :
33 1.50 1' : ;

13A 1.50 : j C '

Z J I: 5 : ;34 250 . . .
14A 250 : j _ .3:— a ;— —:

c : : 3

No. Depth STRATA DESCRIPTION
1 0.00030 TOPSOIL

2 0.30-1.10 loose reddish brown silty fine to coal-re SAND with some red and black mining, occasional rootlets and ceramic
fragments.

(MADE GROUND)

3 110-11) Dense reddish brown fine to course SAND and submnded to rounded fine to course GRAVE]. of predominantly
quartzite.

(FLUVIAL DEPOSITS)

4 110-110 Dense brown medium to coarse SAND with Some subangular to aubrounded fine to wane gavel.
(FLUVML DEPOSITS)

5 2.10-2.75 Dense brown medium bedded sandy tubangular to rounded fine to nurse GRAVEL and COBBLES of predominantly
quartzite.

(FLUVIAL DEPOSITS)

PIAN Sho ' Stabili"" 3: —" mg I No sillyoring used / Very unstable below 2.10.:-
m D B MD Bearing Groundwater
t C 160 0 Water strike at 2.60m

"— 14° --- 2;...

All dimensions in metres Clint Department of HIM —|lnucdScale 1:50 Transport Cat 428 By [GP
Form)“



Scott Wilson Kirkpatrick
CQMSUIJIHIG EIEIIEEIS

Ski-+33: l3?
A u. (918 1‘ 3o»? 5

TRIAL PIT LOG
TRIAL PIT NoProject DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

Job No 3 0 Due 6mm: Level (In AOD) Cn-Ordinm: (been) 989
3§1§1;3§0 14-8-90 30.40 EWNIOOSIZJ

Conn-mar _ Sheel(I) Soil Mechanics Limited m
SAMPLES AND TESTS SKETCH OF FACES SHOWING DEPTH

Type Depth Strength A B C D
. | . . .

: 2 I I 3

= om :— 3 —: :~ —'11A 0.90 . q . I
1 i I

m 2.00 3' L '- 7 ‘-m 2.00 2 I I

: 3 :.1. l _ _ 1
No. Depth STRATA DESCRIPTION

1 0.00-0.20 Torsou.

2 0.20050 [me light hm silty SAND withmmodels.
(MADE GROUND)

3 0.50-1.50 Dense onnge hm silly line to medium SAND with black and orange mining below 0.80m.
(MADE GROUND)

ll 0.70m. 1 number brl

4 1.50-2.70 Dense light yellow medium to come SAND with some rounded line to cum ml.
(ALLUVIUM)

PLAN _ Sho ' Stabili4 "— 3:" —" mg, Newshorlng ma / Unstable hem 1.50m
no D B 1.10 Bearing Groundwater
l C 170 o Waler strike umo

*— 31) —- _____,' """

All dimensions in metres 0km Department of HIM lacedScale 1:50 Mimi-I Cal 428 3:! IGP
FOflnAJ



Scott Wilson Kirkpatrick SKUSSe BB

All dimensions in metros l Client Departmental Han! laggedScale 1:50 WSW“ Cat 428 BY IGP

clhfllSllll'llGlIGIIEEIS ‘ -0mobile, 3 H13

TRIAL PIT LOG
TRIAL PIT NoProject DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

Job No Dale Ground Level (at A00) CoOn'liulu (Loni) 9908 1 1 3 0 9-8-90 30.60 E «5,719.1 N 100,4“.9
Conulclor . , Shut¢ Soil Mechanics Limited 1 all _I
SAMPLES AND TESTS ‘— smcn OF FACES SHOWING DEPTH

Type Depth Strenfitl: A B C D. 1 . . .

E 2 E E E
I 3 I I 2Bi 1.00 "' ‘11A mo F I I 2

m 140 : lo : ’ :12A 1.40 ' - .

.- 5 "Z :- ‘j
33 130 : : :13A 2.!) . . . .: 6 ,: : :

I 7 I i I

No. Depth _ mm DESCRIPTION -l 0.00-0.20 TOPSOIL

2 OED-0.10 Imsc mulliooloumd silty line [0 course SAND with owioul angular rm: to can: ml and are pieces of plastic.(MADE GROUND)

3 exam loose hm silly fine lo coon: SAND with mien-I worm-Med fine to come pawl. with some up to cobble dudpocket: at black organic motel-ill.
(MADE GROUND)

4 1.65-1.70 Loose yellow hm mould black and orange line to man: SAND Willi tome rounded fine to medium ml.(possible MADE GROUND)

5 1.70130 [mac ycllow and light hm fine lo come SAND will: rounded to mbongulu line to course ml.(vw. DEPOSITS)
6 2.30-3.l0 Dense yellow and light brown land] submgular to ubmunded line In can: GRAVEL ol predominantly qumiu tl'ldoccasional clay hues.

(FLUVIAL DEPOSITS)

1 110-330 Dense yellow and light brown very nndy whoaular lo sobmunded fine lo medium GRAVE. of Mmimllymin.
“I (vw. DEPOSI’IS)

#— ______JPIAN Sho ‘ I Slabili4 ‘— if "’ mg Naming used / Unstable below 230m
L50 D B L10 Bearing Groundwaterf C i 40 0 Water strike at 2.3013car— 3.50 --t- ' __' ""_'. -

-——._._.____.______

Form A3
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Scott Wilson Kirkpatrick

u
.
.
-
m

—

conautnuouniutEls Sufi-.5603)":
lib—#09 '303? (:2

TRIAL PIT LOG
TRIAL PIT No

Project DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACI' 4

Job No Due Ground Level (in AOD) Co-Ordinates (Loo-l) 991

8g13133go 9-0-90 30.90 £66,735.IN100,411.2
Contractor , , Sheet

¢ Soul Mechanics Limitecl 1 of:
L__i 1...; __._...—

SAMPLES AND TESTS SKETCH 0F FACES SHOWING DEPTH
Iype Depih Show A B C D

: I : : :

m 0.35 : 2 2 : 2
HA 0.35 : z ; :

E 3 E E i
r . . .

32 150 ..
12A 1.50 ' 4 ’1 "

l- ' ._ _ ..

' 5 5 2 C :

I 1 :1

: 7 i : 1
h .1 e 1

h d I 1

t : i i

I I F I
T ‘2 C' '1

F # 3 Mm”;
j._______.___.1

No. Dcplh STRATA DESCRIPTION
1 0.00-0.10 TOPSOlL

2 0.10-0.95 Dem reddish brown silty fine to wane SAND with some angular to subrounded gravel and cobbles of concrete.
qulflzilc and limeslone and Will! occasional piece: of metal.

(MADE GROUND)

at 0.60m. concrete. at 0.85m. layer of broken bricks

3 035-1060 Dense brown fine to coarse SAND with angular lo tubrounded fine to course gavel o! concrete and brick and ace-slam!
black organic ten-mm.

(MADE GROUND)

4 1.60-1.80 Loose brown mottled yellow brown line to course SAND.
(flUV‘lAl. DEPOSIIS)

5 1.80-1.90 Dense reddish brown molued yellow randy subangular to snbmnded fine to coarse GRAVEL of predominantly
quartzite with occasional cobbles

(FLUVIAL DEPOSITS)

6 1.90-2.40 Dense yellow brown very sandy mung-Illa: Io :ubrounded fine to coarse GRAVE. of predominantly quartzite with
attentional cobbles.

(FLUVIAL DEPOSITS)

7 zen-3.00 Dense yellow brown fine In curse SAND with much tubenxular lo :10t fine Io coarse gravel end occasional

rum " 1 Sim ' / Stability
+"'— 32° —’ ring N0 shoring used / Unstable below 1.90:]:

no D B 1.10 Bearing Groundwalcr
I C 50 0 Water at base 0! pl:

""1"" 35-9 ”t— '_.-_:.:_;:....
_____k 1—: _____ :— _ __.....____I

All dimensions in metres Client Departmental MI W4
Scale 1:50 'h-ansporl Cat 428 By [GP

Form/'13
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V
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_
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BGS ID: 220535 : BGS Reference: SK43SE140
British National Grid (27700) : 446737,330308

Report an issue with this borehole

<<   < Prev     Next >   >>Page 1 of 1

BGS ID: 220535 : BGS Reference: SK43SE140
British National Grid (27700) : 446737,330308

Report an issue with this borehole

<<   < Prev     Next >   >>Page 1 of 1

. . BGS ID: 220535 : BGS Reference: SK43SE140
British , British National Grid (27700) : 446737,330308
Geological Survey Report an issue with this borehole
NATUIFIL ENVIRONMENT IESEARCH COU NEIL

<< < Prev Page 1 of 1 V Next > >>

http://scans.bgs.ac.uk/sobi_scans/boreholes/220535/images/10289505/issues/new.html


Scott Wilson Kirkpatrick
consuulloeueluzzls 50.356 “+3

‘. new“; '- sosou
BOREHOLE LOG "

BORE}! LENPinion DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4 O o

“No Dam Groundnut (mAOD) 09.0mm: (Local) 968
lglglg3 0 9-9-90 31.00 E66.1245N100,542.9

Comm . . M(I) Soil Mechanics Limited ma
SAMPLESJLTESTS 8 STRATA g '3\

”'9‘” 121? $11: 3 Wmlm'. 0mm 3 ii"
a

:(040) TARMAC

_m ' 0.40 no
. 3m ' ("'3 3mm and comm. (nub hm) MO
I 0.65-1.29 81 Guyandyy'luflyClAY. —'. : Waonoum) j
I I (0.”) Stiflbmlrn Rudy CIAY.
; ; (MADBGROUND)

1301.95 U: u m I 1-791 Mg /
; {3-} Sonmnmhmmueabmmomphmmmv. /
- -__-:"__: (0-50) (ALL mm %
; 2.6 J3 "_.—._": halo-v1. .with much and andsmneto much submndadfimlo
; 110-255 su ~10 Wfin-flkmmm A /
:mm 35 , ‘0. '1- Mumdembmandywwryandymwmdd /
- t: °- ° I line [In sum (BEAVELopomimlly quartzite. ; ': 3'0 : (FLUVIALDEPOSIIS) %
1 no ws ‘. I /Ins-m cm ms °». °- t /
I 6. In L /
: ’ '0' I: /
. 9 _o _
'- .e 1:- /

4.15400 c N20 ° -,'° 3 /pun-500 B P 'a /
r ‘ 9‘ 4.

I 9‘ .o‘ :(500) /
'- . ‘..‘ "- /
Esau-505 cav mo 57° E %
E ;.-°:. 5 %
76mm am pm ”0° :' %
I mm nu b. e t /
: . 0‘ L V

: 1,111 P %
: “Mmmmbmmyfltmmn-s /

mvfiummflmmmm‘ /_ mammmamm /
' (1g) |MMG

WMWIIM Obscrvafious dialling WWW GENERAL
MMmDpt Fm 1b Boon PM To REMARKS

“—5.15 1.0 0.15 h...- .m.
2-53 hing-nu.
3.10 Inna-nuke.”

Andimmmnfwu am new.r w '1 If... =
Scale 1:50 Thaw-I CableW b IIC

MIA I.



11/17/2015 Page 2 | Borehole SK43SE143 | Borehole Logs
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http://scans.bgs.ac.uk/sobi_scans/boreholes/220538/images/10289510.html 2/2

11/17/2015 Page 2 | Borehole SK43SE143 | Borehole Logs

Scott Wilson Kirkpatrick
cousuuluaucnuus Stusse ”#3

BOREHOLELOG

Ptoject DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT4 BO OLENO
”No 8; l 15 3:10 Dane emu-amen (mAOD) CoOndin-m (toe-1) 968

3 96-” 31.00 E68724} P11005423

Comma: ¢ Soil Mechanics Limited 2m
_SAMPLES&TES‘IS Ll mm». _§ '

Depth 1kg m" :1 w my nascmmon i!
_ r——-- CLAYouheetl).ms-ua 5m (56! r_'-.; - . .' 1mg!) msr_—. 845 gmfilmmmzmwmmdm mi

Botchdemnpktcalifim

http://scans.bgs.ac.uk/sobi_scans/boreholes/220538/i m ages/10289510.htm| 2/2



Scott Wilson Kirkpatrick
CONSULTIIGEIEINEEIS 5340356 “+5

.‘. "H 3055-5DRILLHOLE LOG “" ‘*
_ DRILLHOLE NoPage: DERBY SOUTHERN mass GROUND INVESTIGATION CON‘I‘RAC'I‘ 4

”No Duo 6mm (a. A00) Co-Ofllhllllu (lac-1) 970/R
83 1g 1 3; 0 3011-90 31.10 300.721.; N10051:;

Mot Sled(p Soil Mechanics Limited If 1/; 711/ 3m r nu
RUN 0mm 5mm § '5?

Tcn (sm . Depth DESCRIPTION - -Dm Redd .om (:33 gm; w leqg- I. mm“ D 1 m 5 *
m :

7

Ems) mamrasaou OPEN
: HOLE

Cablepemmkmopnhohtotlflu

WWW-11d WaterObscrvations 1321011111“.—fl
n... 11... 3.1,... a.“ Conn:- mw'm . “35 mums

m w—nr—fl. sum-fire ‘m'1-9-90 1000 19.10 9.10 09mm 11.90 ‘3"“"“2-9-90 0000 19.10 9.10 89mm 2.90
Fl

All dimensions in metres Client Depart-en: of W l-DIIN
Seal: 1-90 'l‘rmport Rotary Core Drilling a: aw

Pal-A2



(:3:

Scott Wilson Kirkpatrick
fiDESIJLT!IE EIGIUEEIS

mum—m“...

P anqer Observations 1 GENERAL
am has Depth and... C” - mm FIG REMARKS

333 m “In XII-amtmm 1600 19.10 no 89mm 11.30 Wm“"'
3-9-90 m 19.70 O.” 89mm 2.”

____.i___. g.—
All dimensions in menu 0a Dev-mun: of W land

Scale 1:50 Til-sport Ruhr: Con Drilling By “W

A Sun 35e m5
DRILLHOLE LOG

DRILLH LE N
W DERBY SOUTHERN BYPASS GROUND INVES'HGATION CONTRACT 4 Q 0

Job No one am mu (m A00) Co-Ommm (local) 970/R
3; 13 lg 3'; 0 30m sun “6,127.8 N10051::

Contractor . Sheet
¢ Soil Mechanics Lid 2 9”-

RUN;DETAILS STRATA Fin
TCR (Sl'l') , I Ml! DESCRIPTION ' ""'"Date F ll R“ d m ill . o I

09!“ (:8? m ”“1 nus) Discontinuitiu Dudl Main 5
m 219; £15
1.9.90 so ....8.1$-8.50m. medm: o: m In- um mam hm highly manna /

(14) mmunsrouamm:o /
0 w13.90-10.01'1m, non intact mt- /w (manna mmmnrm GRQUP) /
13 ....8.SS-9.50m.mnone of cone lot! /
(0) ' (2.15)
0 MINI/4o

24211 %IN /
(60) /o

”l 1030 WC/
muhm mottled m

_LL. ......-.. mum-ed MUDSFI'ENE £3 fl
88 with champ-cad mm will: and //

(75) (1—10) nodules (<3mm).
43 3011001200 mm MUDSION'B GROUP)

11m IMNG%

....ll.60m. subhofimnul mm vein Whm mottled any gun /
(40mm) undenlely wellhead vcly silty /

mm:mwith closely
1°” (3" W (mum-nI mrggtikfigzm /
(10) 75mm) ....lZ.40m. subliminal-l mum ' /
22 (1-30) (15mm) /

WWW Wins—131m. mymetqd /
mum veins (< 9mm) %

....13.4o.1110m. my /M700— , fl ma/
(37) . Rmhm mottled my
24 moderately anthem! MUDSTONE /wwmmm %. .40 m <mm1130 (1 ) (maxim MUDSI‘ONE anew) /

,-1uo-14m.uumpqm %
m WbmSEW-uttered %

(1m) MUDSIDNEmmm.

5° “mm” /- um <
L__4———————=JLQLL———————___.__——-———=Mw

For-A2



(3
Scott Wilson Kirkpatrick
CONSULYIIG ENGINEERS

a... 5“556 “+5
DRILLHOLE LOG

DRILLHOLE Nhoiea DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4 o
M No mu Ground Level (m ADD) (Jo-0mm:- (local) 970/R8:1 lg3§0 30-3-90 31.10 $56,727.: N10051:;
Conlnctor , , Shoot¢ Soil Mechanics Limited We!

RUN DETAILS mam E 'a1m (5m .4 new DESCRIPTION - fia-nu. ma .SCR F (M- I”‘9‘“ (Ron) 59% W‘ W a... Dismatinuifiu Detail Main 3
20/80/190 "duo-16.35% mottled menu grey flgfi‘afiSm] WEJGROUP) /

14.19
MMG/MW (35. to: ....lé.60-l7.mm. non inm Mid; hm mutantcfiymnzhend /

MUDSDONEvorywt to went with(51:) 72“)
Mspacedmusing (dun). /(unncm MUDeNB GROUP) /(L60) /NI/Ao/m

/mum-mm. Mable vex-y weak /

13m 17.
93 Min hm sunny-um /(75)

very silty MUDSPONE moderately /30 went with verydouly spaced /- horizontal toWin]mm(”5, wins (diam). /40/39/150
MUDS'I'ONE GROUP) /

1-9-90
%

2-9-90 mo ....19.7D-19.9Sm.:uhv¢nial illegal" bum:(17) "‘15 1% my: (mum . /. . . luau Mon mmmunm /11 ._19.9s-20.m. manna-tn] mmsm .Nl/Nllm (0'75) "‘m'“ we wmfi‘éfi'fi‘im ma /"am-$3935“. WM 3mm FY indined jointsMammal /
MINI/m (0 45) I /

m . l I Y I i ' .—n—A-— — ...m90.21.15m, non mun /mo (51: a; 95 ....... 21 )5 a line med «no(43) no...) 3%mmmm /18 gunman. moniod yum pay ' %

(210)mane/ML -
too—
(73) Enema:57

> 1.75 . x x 213;,
I X X '
R X X '
x l I .

g El : § 3 : (1 Q]
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Scott Wilson Kirkpatrick
COISUL‘I’IIG EIEINEEIS 55:..LI-351E. “+5

DRILLHOLE LOG
DRILLHOIE NPlain: DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT ‘ 0

Job No om Ground Level (111 AOD) Co-OMimm (Lou-l) 970/R
8 1 1 3% 0 m 31.10 1:65.127: N 100,572.11

Comma: sunQ Son Mechanics Limited .1 on
RUN DETAILSr mam § é\

TCR (SPF) . 991’"! DESCRIPTION " "'°'Dan ma .sca -
Depth (ROD) mm W up“ (32:; Discontinuilics Detail m g 'n

97 Him/m : g :1 mmmunsromonoun
(90) 6.75 5 * *' ms smsmumums) ma/
‘1 5—: 3:: mubmmledmuimy /: i :: weathered mdySlL'lSI‘ON‘E /

S g g L {first-Moments! manna vein mfigywm)‘ /
3:41”) 3431.251mmkmudmue " :' Wm ‘ /3o 7: x x —- - mam MUDSTONBGROUP)A3,— m’” 322: /

(42) i .‘i it /17 44m 3 g H MMO/
Mia: Man slightlymm /119a muymuunsrom /

MINI/N! ( ) under-Mywwflhwtydmcly / A
@940 Wmnwhkm). 7'‘ L10 2,. (MERClA MUDSI’ONB GROUP) mm

(1’ “'3 Whale complete .1 21m

%fimqmw u- M__.m‘:_T—N_—_J.—— =

Waggon and Water Observations Uh GENERAL
am The Depth Casing 0°“ "W . FIE REMARKSHIM-‘11!”— 5 no :%1 ‘%flfifi%1.9.90 1600 19.10 8.10 an. 1m "’"mmI“

2-9-90 0000 19.70 8.70 89mm 2.90

All dimensions"In matte: CM! Depart-eat of WW “I!“
Sale 1:50 hum Rot-q Con Drillllc 3! 11w



Scott Wilson Kirkpatrickcousuuluceuelueus 5““356'W"
A

DRILLHOLE LOG
awn-365351

ien DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4 DRILLHOLE No

”* 8113 Dan
0 11-8-90

Gmndlanl (mAOD) (zooms-am (um) 971/“
31.20 E (6,765.2 N [“3353

COIIII'ICIOI' . . I(1) Soul Mechanics L1mited
RUN DETAILS STRATA

m (57") 1 Delml DESCRIPTIONDue Reddscn F mu.D‘” (1101)) 5:31.: W' um M.) Dhmminuiu'u Dem: Mun11.9.90 1

:' mmrencussxonom: (35°) HOLE

Due 1111-. Depth Cum
“m m 130 m—16-9-90 11.50 8.9516-9090 1415 8.9516-9-90 mo 19.45 8.9511-9-90 om 19.45 8.9511-9-90 1330 30.55 I.” 1111

111

Comm

“Win-metres Client Ben's-fiat“



Scott Wilson Kirkpatrick
CONSULTING EIGIIEEIS

A 514 55¢ ill-b

DRILLHOLE LOG
DRILLI-IOLE NoProject DERBY SOUTHERN. BYPASS GROUND INVESTIGATION CONTRACT 4

M No Dan 6mm mu ([11 ADD) Co-Ordimlu (Loan 971/R8 I; 1; 3 0 11-0-90 31.10 266.755.: N 100.575.:
Wm . . . Sheet¢ Soul Mechanics lntml 1.91.1

RUN DETAILS mm E i:
m (sl'n . Depth DESCRIPTION -'Du: Rad d . _ oDmh (“5313 m 1"“ use“ (2:: Dmunuma Dena Main ,3 E

"4” 22.70 8.50 Clble percussion open hols to 850m

mun-M? maymama ”111113011533 mi in pm: my filly.(g) (MERGA MUDSI‘ONB GROUP)

.._9.41.054m. non lane!
9 o ' (2.00) ....9.71-900m. m 1m

(0) N1[50l1‘0 ....9.&S-10.40m. no my
0

43 ....10.40-10.87m. no men
($00)

....10.87-11.11m. generally non intact

.4131— 1931 11:9, MM
“50 (0(0) 0) ....U.JJ-]1.m no mry Wbum! in mMm

‘5 punish any-WWW”(69) MUDSIONEm to moderately19 muss-11m non lam mtwith my duel,w
....11.94m, imularmm vein randomly orlcnmed mm veins
(mm) (< 25mm).
wuss-12.0501, um 1mm (MERCLA uuasmmz amour)

- “Jun-12.3111. 000 mm
1 . ....ll.23m. 1n veia m.)A? NI/vomo ‘3'”) ....12.25-12.‘1y9npl.unonim:ct

(90) (57- Ior ....12.61-12.T.lm. 5N0 mutational 5-;
48 14mm} mveins

....1169-12.73m. ma inn: :-

....llB-12.9lm. nomy '5

....1191-13.9Sm.Mm -.:
_ ....13.26m. mu: val- (lhmu) .3

1‘ ‘1». mmwill (10am) :3”.1334... .. «'3 mm) :;_14.45 M 14.45] “14.12-14mm0‘oaim m“ E-100 ”1414.141”. 3N0 mm min 11min: 0mI'MWM ‘%) (imam w MUDS’I'ONB m1: Io menu-My
.... - - non mWill!myMymind

generallyWu!gypsum win:
(dun).
(MBROA MUDSIONB (noun

(2-50)
....lS.16-16. in non '

WW3“: and WM Observations Fl GENERAL
on. m Depth cm. 5°" . "M d REMARKSm m fist flhJLWWE—W a. 1...:10.900 11.50 0.95 m 11.50 2': m 5'“16990 14.85 0.95 09-:- 14.85

16-9-90 1000 19.45 8.95 09.1. 2.90
11-9-90 0000 19.45 8.95 89-. 2.90
17-9-90 1300 30.55 8.95 89111- 2.90

All dimension in metres Client Depth-eat of Method Lou;Scale 1:50 hum Bohr! Con Ddfllnc Br Ins-s



C)

Scott Wilson Kirkpatrick
£0!5UI.T!IB EIGIIEEII

DRILLHOLE LOG 5”” ”b
DRILLHOLE NProject DERBY SOUTHERN BYPASS GROUND INVESTIGATION CON'fllACl' 4 o

M No om Gloom Incl (m AOD) Co-omm (meal) 971/R8; 1; Ig3§0 11-8-90 31.20 366,165.: NIMJ'ISJ
mama: . Sheet .(p Soil Mechanics lstod Sou

RUN mamas 51mm g b
M (3”) - ”GP"! DESCRIPTION ‘- H-Date F I M d _ o0‘” (R535) Spain: W WW] (m) Discontinuities Dena Main ,3

MUDSI'ONE (A: am 2) //

ms 14x M MMG%
46 ....l6.95-18.31m. no memory Minn hm slightlymm /(34) MUDSI‘ONEmk with /6 closely spaced mull} subhuciznnhl

gypsum veins (dun).
Exam Munmmz GROUP) é

....18.31-2056m. ml: %
(3150) ....1851m. gypsum: win (25mm) /

“Imam. non sum /16.9.90 WOO/33° ”Bantam. non hm /
.M__ ....l9.36-l9.‘5m. ' m1 /"M g) “19.45-19.51mmom3ngmq /

41
/

.mmomm. non 3m /x ‘ _ 1141‘ “mm" won! vein (film) 0/
§ g i (0.6) Gmish my mauled mhm /11.00] 19.1) I‘ x I : 21m ”3033.20.19”. ' net “58""?mmmm“ MG/97 (so- for _ .21.oo-21.sm.: :21.“ mm“?"m '° ““- /(53) 11mm) (MERCM MUDSI'ONB GROUP) /

3S ....11.m-21.76m. omnioml you pay Whm3"m /
Alumina 5pm km») MUDSI'ONBwuk with /

mwWW” /“2131-211”. I'IOII im (”WEGROUP) /
..22.10n. mm «:5: (Mann) , 'zz ah (us) /

9" mam. mowed poem /(3) mm. non mm m %

mum. non mm %
Efi ”355.2114... moonmum in";/é—__._._L_-,_:_§;.___M ..—.Dnlhng‘ ' ' Prggm and Water Observations

M m m m col‘ DII ' WIRE

WWW—W‘fi
I‘D-90 1150 8.95 89mm 11.50
16-9-90 14.” 8.95 m 14-85
16-9” 1800 1945 8.95 89n- 2.9011-9-90 mo 19.45 8.95 ”In. 2.9011-9-90 1330 3055 8.95 ”lull 1.90 x

All dim-onus in metres Gin! Den-mt of W lacedScale 1:50 hum Rotary Core Drilling 9: 518.8
MAI



Scott Wilson Kirkpatrick
COI‘ULIIIG EIGIIEEIS‘_ SU—t 356-; mb

DRILLHOLE DOG
DRIIJJiOLE1’10q DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4 N0

Job No 3 Dm 0mm Level (01 ADD) Co-Oldimla (Local) 971/R
8; lg lg 3; 0 11-0-90 31.10 [366.7652 N10057::

WW I I M® Soil Mechanics Lin-01:01! MN
RUN 012111115 511211110 g i"

D... m (Sm Md Daya- DESCRIPTION - 0;-
Depth (35333”""3" ”V“ w" the.) ' Discontinuiliu Oct-ii Main i

100 (3- for : 5 g - (0.00) “3075-2133.... punish my 111m muiuuymm(100) can.) 5 ; x : .zmm. mum (30m) sun-11101411 mm«mm. ma/06 m4” " 24.1151 calmlyMM /
mmmm wins /
00.5mm).

muss-25mm. mum (MERGA momma snow) /
«25.0110. gypsum vein (30mm!) with 1mm 1113111»m /

MUDS'ION‘B weak to Manly /
. went with 01010111e closelyW”25.11.15.101...a . . /._.75.wzmm.pmupey ammmmmm /

a g, (MERCIA MUDSIONB anon?) /
100(I77) Jan-mum. non 1mm %41 /

.MM9IM 45 deg pin-r month %10/951400 [Mule /

MW. (“0) ....21.46-27.60m. punish W %
0:9") _..21.79-27.82m. punishm %

RBI ....28.94-29.01m. yuan pay %97 /
(g) 49.3.2141... m but: /

“1941-2937:; omit grey /

-.2937~29.91u1.nonilm /11 9.00 ”291900.033.mm //' ..30.12-3019n. non mm 7’1.10.111 . m1 ....30.19m mmgm) mm A
(58' int Dfillol: couple“ 01 11.69111
135-.)

T' “‘1 Wu“0mm :5- r H mi __.....E;ENEML
D01: 11m Depth om ‘1’" " ”W "h REMARKS

W 0100 III afifim10-900 1150 us 09... 11.50 m“""‘”""‘16-9-90 14.85 8.95 89.111 14.85
199-90 1800 19.45 8.95 89.1: 2.90
17-9-90 0000 19.45 1.95 09.1: 2.90
11-9-90 1330 30.55 8.95 891-111 2.90

L __LAfldmensiominmes an Departmental um hand “
Scale 1:50 Mam Rotary Core Drilling 3! FJS-S

MAI
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Scott Wilson Kirkpatrick
COISULTIIG ElfillEEli

5111.356. “-1?
1.54315 ~305‘9‘i.‘.

DRILLHOLE LOG
Praise! DERBY 3011111a nmss GROUND INVESTIGATION come“ DRILLHOLE N"
“No g Due 13m (111 A00) momma: (1m) 972/R8; 1; 1; 3g 0 154-90 31.10 1165,7517 N10050::
CW . . Shaem“ (p Soul Mechanics Limited ' 1 a“.

RUN 1312111113 mm 511:11 . h ESCRIPTI -3;; (sea) mm {:33 14cm (111.3- D 0N119p Spuinl m) Dilaominuitiu Detail Main 3
15-0-90 -

E (m)
;

CABLE PERCUSSION OPEN
nous

- ovum holetn‘lmu.15-8-1! an - 1:5 or“"5...” (g) ”7.206.551;amzone of can mug(3M 2)
0

km \\\
\\\

\\\
\\\

\\\
\\\

\\\
\\\

\\\
\\\

\\\
\\\

\\\
\\\

\\\
\\\

\\\
\\\

\\\
\\‘

”W
L

Dilly" ' ”fland Wm: Obscmtions v ’ I GENERAL
we '11.. Dcpth 0.1.. 0°" 9" . m . FIE REMARKS1m- 1211 1 ‘fih—m—‘Wflflfi16-8-90 1000 1137 w 89m 330 2,:t17-0-90 0000 11.31 m 09m 2.10

__ L I
All dimensions in metres Ohm Department of Method loo-dScale 1-50 Tun-port noun Con Drilling By IRC

PomAz



Scott Wilson Kirkpatrick
CONSULTIUB EIGIIEEIS

‘. 5m 5 Se an
DRILLHOLE LOG

DRILLHProject DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4 015 No

Job No ; om 6mm mu (at A00) Co-Oldintu (mu) 972/“8; l; I; 3 0 15-0-90 31.10 505,751: N 100,500.:
Contractor . . 5""(J) Soil Mechanics Limatecl m»:

RUN DETAILS ' mm § '9
1m (5m . Depu- DESCRIPTION - H.nu: ma .

”‘9'“ (R55? m; “V“ ' Em) Dilmntinuitiu Dcm'l mi- E 3
Mid: hm mottled greenish grey
mmmmad myu'lcy /
MUDSIONB ml: loverymk um /

04 (so im- ....8.63-9.4lm.wm atm :4 mafia?W /
(:3) m“) (34mm MUDSIONE anoun /

(41°) %

9 / %
' 10 ....9.85-10.31m. assumed zone of con /

o /
ham/150 %

“mm-1130.11,: Nowbllomonnl /
1m upturn vein: (<39mm) /

“3'7 19.10 11.40 W6/”-8-” 85 (47' for . ....11.37-1159m. “and none ofcon Min hmmmmmW /
(74) 150mm) his my to moderately weathered /2‘ ....1L7S-1165m. 7N0 mbmm WDSIONB ml: vita-{dandy /

mwmusom) aflrwmmm /

mm MUDSIONE onour) %

I 99 (3.15) ....12.10-lz.90m. with pay %

(80) "..13.04-14.72m.4 Nombhotiaooul /:9 mmwiu(<asm) %

.1“, //
100 M.“ 1Q. ma%
(6!) Shut) mu bran modem-enthuse /u MUDSIONEm-flldafly /

in“ “than“! mum
((m) Ind condom poem pay /

100 mm MUDS'IONB amour} /
(62) ....lS.7S-l6.3lm.mbu¢rtialineplht /

“—13..— ——=—_..._l_n.m__m '3
Wand Water Observations GENERAL

Due 11.. Depth m; 0m“- WWMW WW REMARKS
*m m 7115 7.1T flu fifim15-0-00 1000 11.37 0.03 09mm 0.90 2mm“17-8-99 IBM 11.11 8.63 89mm 2.10

n

“AlldimennonsT- inns-eur—IG'QT'WM Method Twas!sq! 1:50 mum Rotary Con mm... B: [RC
Pond:



Scott Wilson Kirkpatrick
COISULTIUE EIBIIEEIS

4- c‘flauase In“?
DRILLHOLE LOG

Project DERBY SOUTHERN BYPASS GROUND INVESTIGATION COM4 DRILLHOLE "0

' um Ground we: (a ADD) mum anal) 972/“
0 15-8-90 31.10 E 66.75731 N 100.603.!

ShutQ So" Mechanics Limited a.“
RUN DETAILS mm E '2‘

ma D?!” DESCRIPTION — H.
lml W92; Dm' tinuifiu Dani] Min 3

(115) MUDSIONE. (am 2) //

....17.m-17.fim, non intact %
"unnusm. 2 No mmm /

13-9 1m mfiifl‘fl’ acted Lma/- Iathmyfi'mdeg ntelym Mishbmmodenmymm /{W weathered mmsmmamm /
ml: with very closely Io Indiu-
vsuksmmd /mu! wash [my duel-anon /
IF!“- //(MERGA MUDSIONE (mom) %

"Jam-20m, mm will!W Z

(7.75) %

".2130... 70 month /W “W /
mm.manic-l1 any /
.4140». 30 deg manu- vein %

.2111-24995,will pay Z

“£41m. subliminal-l muvain

‘”"'” Z___IMMQ_
We: and Water Observations: Di W“ fl! cm

Depth Cub; 5°“ mi” '5 REMARKS"—73 53:. WW "1%11.11 3.53 ”an no 2"“i"
1137 8.63 89mm 2.70 H

' m cm: alarm of Man: m Logan —_""m mum M1700".- num-g 3! mc
For. it.
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Scott Wilson Kirkpatrick
CONSULTING EIGIIEEIS

DRILLHOLE LOG
DRILLHOLE NoProject DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

Job No Date Ground have! (m AOD) momma: (m1) 972/R8 1 1 3 0 154-90 31.10 E “.1513 N 100.6038
Conn-n _ Slug:°’ (I) Soil Mechanics Limm; 4am

RUN 0mm 5mm E 'z\TCR (SPF) . Depth DESCRIPTION — “H“on a.“ m. ._ a
9"“ ‘m‘c'é’ m 1““ up“ he.) Diicominniliu Deni] Mnin ,3 E

14 (3" M MUDSI‘ONE (is sheet 3)1w 10mm) /(to) /15 ....2456m, “thorium-ml gypsum vein /
III-flaw) /.~.24.m-25.Mu1, non mm: /

$.65 15. ....2S.16-25.30m. gunk}: my MMG%

Wblown may to Manly /m MUDGI‘ONB mam....25.7o.27.oom. my closely spaced :1: wu‘m m M33 /
”fif'pugm" . Mmm(<12nm). /155 urea I gypsum vein:NI/N/loo ( ) (mam MUDSTONE GROUP) %

/
"“0 4 m 27% ma%

(15' for Dtillliok camping 0! 27.02In.
Bum)

a l—Jhd—‘—-‘__l__—
M' ' PM“: and Water Obscmtious GENERALam Thu: Depth cm. 0°“ 0" s, 1 w'” m REMARKS
m— m 7]“ ’35 fill m W—I‘Ifi- “ghoul-Illin-IG-S-W mo 11.37 88 89mm I.” —.17-8-90 0000 11.37 8.63 89-!!! 2.70

—All dinTmiom' Ewes cue-n Department of Method Lone-tSay: 15"? 'h'nupou Roan-y Con: mun. 5, [RC
Pot-A2



Scott Wilson Kirkpatrick
L‘QESULTIIB ENGINEERS

smase :50
541.33 m: 3030.4

A

BOREHOLELOG
BOREH NPinion DERBY SOUTHERN WASS GROUND INVESTIGATION CONTRACT 4 OLE o

”No Due Grumman (m AOD) Coo-0mm (Loan) 9868;! l§3 0 9-0-90 30.10 lam-043011004065
Conn-nor Shae;¢ Soil Mechanics Umiw I.”
maximums i1 _ 31mm

Test *IRnduceJ W“Depth 1,22" M“ :1 m 14m 11m. nascmmon
I“

I 0.00-0.00 Bl ___m _- 'flm\1‘OPSOlL ,

I -—"".—'Z(°.‘0) mlfiflbmmmmued orange ClAYwithoeminml: _22.:0 1-‘—'- 0 rootletsanddukbmdlt nodules.:m'” "‘5 g1. akwm /
_ ”if ModiundemconuihbmwrysiltyflnetomSANDwim0-95 53 X 1-! .' mmwmmnmmumm

3"»): :(1.40) (FLUVIAL 0mm) ; 5

fun-1.95 NZ! t: :‘: a 2
’ .X.“X '

/ /L WEI—2M; 1'95 as V" . 1: Mediumdeuebmslidulyundytonndymbmndedwm / é. a. -o . gmmammamqumwnmu 5 flC .0. I mailed” com‘ / 1
52.50.10: C35 N2: .06 E mu‘muw’m j 5.m x 9m; . / /— r. 9 _ / /Z . ‘ 1: / /

o. o / /- ¢ ¢fun-405 CB7 N30 90°. fi fi» °‘ ‘9 » / /T - °- rum) / /- s,- .° - a 4
99,6

; 5£4,005.09 cas N25 0‘1,“ f, jI 'o ' i / /, . .. x x* t ., ¢ é‘° ' ' / /:smos (:39 m 01‘ belowsmvilhmnaand 5 f
'- ta. lg ,'_ / /: . 0 . I. /
I Hmmbmfli‘mymdyGAY-ithwWhrupI mrmmmmmwmm> 6.60-6.96 flunmmmmlydmlywmmmm' win-(upwim).
,m (MERCIAMUDSI'ONBGROUP)

"mus

.... Chiming WatctAdded GENERAL
Date From To Hons PM To REMARKSW W MI! 2.0“ W94.90 m 9.10 1.00 m“”"‘

10-8-90
10-8-90
13-8-90
13-8-90

Alldimensms' inmetm [cum We; Method “I" —=
W150 'l‘uupoI-t CnhlePutIuloI W [RC

Forum



__J_i_4_L
and Water Chum “

To Hana

9.10 I.”

Scott Wilson Kirkpatrick
cousuuluaslcuens Swim 160

A

BOREHOLE LOG
BOREHOLENPinion DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4 o

“No ; Om Gm [ml (mAOD) Co-Ordimu anal) 98‘8El§1g3§0 9-0-90 30.10 Emmoom
Commot-

Shag: ‘(J) Soil Mechanics umizad m
SAMPLES amasm ; 5mm E '\

‘l' ‘2 Ranged Depth _ .2...Depth 123‘ ”if" 3 W um: m. oascmmou 3 5ma:

33-06 313 3:2 ClAY(teetl)

3:50.031 5114 (”for 5:::5
.4090 315 m”) 523:5:9.10.931 ms 59: -_-_--I I‘m-m?) Jib-'-‘-' _9fli WBouholempmcu 9.40m

[RC
MM



Scott Wilson Kirkpatrick SLHSSE 151

IIC

cousuulleucluens ub130‘3035‘. .- ,
BOREHOLE LOG

BOREHOLE No
Project DERBY SOUTHERN BYPASS GROUND INVESTIGATION CONTRACT 4

MM) g ; Dal: Gmdkvcl (ll AOD) Co-Oldiuam (Inc-l) 992
82; I; 3g 0 1119-90 31.00 1266,1555 11100.39”

Conlnnor .¢ Son Mechanics Hammad 1.1.1
SAMPLESJLTESTS ? 31mm §

Depth % .13.. E ”£31”l nascmmou 3—
» 0.00-0.30 81 - Verynmmbmmmvmm rootlets.
: (MADE GROUND)

E 050-1193 U2 76 ' ‘3:- 11150) v.- 1 o.
L 1::2
. . . . OI :fi’l-IJS 3 N15 t bebw 1.1Mnlhocumnlwbmnded fine to medium'nvd 3%:

; 1.11-1sa as - MG 2;
,'. - Dmlcbmsl‘ dynndytoundymbanguhrwnbmndodfm .60:

E 1.55-2.11} CB6 DB1 -° °<° I loco-lie Gmaupmqum. :{Q
r_ _ "o {-_ (FLUVIAL owns) .:.:.
1 9- : 3:;

.o .1: .z.:

. '°. - 0,0,1
: mm cm was °.° 1; ..
. . r

r ‘°_.- E
z ,9 ‘ :
P O '0
- '° ' .

t 1554.00 can mo .5. ‘o ;
L . -°4. 1'., .o l-
: 0‘ '9 I
: PT, ‘E (1110)
t 455-51111 CB9 m . ,. 1,
E , ‘ .o t
.' ‘° .'
r 7° -

. E 'g_ .. . a :
SSS-6.00 c310 1156 ' .°' . ‘: .‘o‘

. ° _° . .:.:
:- .° . '- 0.0‘
p 0 ‘9 . 00
r < 'o J . ,'
i D. O

t 'b‘.‘ _ l
. C

- ' .o' . «E
L L ‘o "_
: 7%?” can 05‘ _ 'o_ ' 1
. p. o. ..
t . . . 1m

7.60-7.63 5.111 (:5- lot ___——-- cuvosmz)
: 75-!!!) —_:':

‘ BoriMdmObscmfions ' W Water Added GENERAL
Dan m m can madman: Pm- To noun Pm To 1 REMARKS
m I!!! W W130.- ‘ 710 W I]! 1770 W
11-960 mo 8.00 m 150nm 3.10 m 9.20 1.0
11.9-90 1800 11.25 10.50 150:: 6.10 10.50 11.00 1.0

hum



4',1

I I6-5.1“

Scott Wilson Kirkpatrick
cousuuua 511111111“: 5%351: 151

A

BOREHOLE LOG
BOREHOLE No

Project DERBY SOUTHERN BYPASS GROUND INVESTIGATION CON’I'RACI' 4

Job No T Duo om Lew] (n AOD) (zoom-um (Lou!) 992
8%1g1 3 0 10-900 31.00 E 66,7555 N 100.3968

(2mm Shae:
¢ Soil Mechanics Limited 1 .12

smamas & 1351's 8- S‘I'RATA § é.
a. - 0-0“

new “RE .33. 5 “:2... M11... Descmmow 5 e
i {—1- fimpuniflimmdmddkhbmwryfinymm
. — 42—; (1.1211011 MUDSI'ONE (mom
' 5}" Nm1mmam.mmlnmhrupwfincw
- 3.50-1.95 311: N61 3.. .1 mamas
T M1456 an :1": . , between no god 10.50111, with national 1115q up to funml
I. rZ—ELG' m shed mutton: 111mm
. fps—'1-

3 9mm s11: N29 {—1E
I 921.9115 316 p »-_«.
3 53-?
I r_:-.I
I :11:
' 21170 31:3“ 1% a
C 5—H, wmmmmummdmmvm
r 105041170 5.11.7 {3510: 3:; amnion-1may“
: 50mm) F5510”) (MERCIA MUDMONE GROUP)

’ 11.00-11.21 $113 (3511» -—" ‘7. 19.15 - - - 1 W0
‘3'“) 31mm maple“ .1 1125111

l_._________ .__.__.__...___ _.._.____
301W and Water Observations i Wale: Added GENERAL

m Tim: Depth (211113 Cad-gamut PM To noun PM To REMARKS
wwwmfij WWTW BIT

11-9-90 0800 8.50 m 150ml 3.10 | 8.60 9.20 1.0 !
11-9-90 1800 11.15 10.50 150nm 6.10 10.50 11.111) 1.0

|___A___—1.—L
All dmensions'111 man: I 0i“ Depart-m of W loll“

Scale 150 'lhupofl. Cubic Pei-«mien 9! 111C
For. M



Borehole No.

H I S 'l E ' ' ' '0 st or nglneermg llted 1
BOREHOLE LOG SK 3‘3 SE 234Contract No. .$.I.-.?.46.711:‘.-.3:?9.3: .............. 723 3453

Location .. . .PE'FEJF$31.55!“. 3951‘?.......... ........ Sheet..1:..of.1. ....................
Client ..... Fffi’iafh 83:32:25€251.39}. ...... ,Chainege ................... -......
Method of Boring ......... . .................... Ground Long 3;g31.61.". 5.29:9:
Diameter of Borehole .......1. 50mm............. Date ......l. .11.}:.................

o h Thi k r
'Bescription of Strata Logand w 2)t 3?. c ‘5 m~=~ v N

G.L.(m) sumtm) Sample KNlmn doe % Kare-m
TOPSOIL

0.40 0.40 0_5o
62 15 15.3 1995Stiff grey brown sandy stony I]

CLAY
1.10 0.70

1.50
Medium dense SAND and GRAVEL I 16

2.50
I 14

4.00
I 16

4.90 3.80

Highly weathered red silty MARI.
5 50
a 98 O 22.9 2155

7.00
90 5 25.3 2155

8.50
n 21 7 27.6 2005

9.50 4.60
-. '* 9.80Moderately weathered hard red 5 k _» 50f r

MARI. v v 10.00 0.50 5q
Key Remarks (Observations of Ground Water etc.)

I] Undisturbed Sample 0 Angle of Friction Water “we": at 1°70!“
0Diarturhod Sample m.c.Moisture Content Water standing level 1'70”
AWater Sample v Bulk Density
I Penetration Test N S.P.T. Value .

cApparent Cohesion Water levels are subject to seasonal or tidal variations and should not be taken as constant



. I . - Borehole No.
IHolst Sorl Engineering lrmrted 3

(lBOREHOLE LOG 3" 3 353136Contract No. ..§r...2.4.6.7./.m.3.2.43. ............ 4730 *q
Location ......Parexshfim. Road .............. Sheet . .1. .of . . . .1. .................
Client. . . .Erzevash. Borough. acil. .. . . . .. .Chainago ................... ....... .
Method of Boring ........Percussion. ........ Ground Level . . 3.6. 2.?m.A..0.59.-..
Diameter of Borehole .......1: 59ml!............. Date .....1: 351.3025...............

_ 0 ma MA: 1
Description of Strata Legend B:low l; 21““ gr" 6 ‘5 me. 1: N

G.L.(m) nun-(m) Sample KNMm den % Kalcum
TOPSOIL 0.30 0.30
Grey brown very stony sandy '4’
CLAY

’ 1.20 0.90

Medium compact medium grained I 1.50
SAND and GRAVEL 19

2.50
I 16

3 50
| I 21

» 4.60 3.40

“W.
Highly weathered red/brown l: 5.00
silty MARL with occasional «- .-.- l] 41 7 19.3 2040
bands of green marl

‘1

.JJ— J

‘ 6.50
I] 124 o 28.2 2205

8.00
I] 131 6 26.3 2235

,. 9.50
'_ . . 10 30 5 70 142 8 22.7 2260

Moderately weathered hard MARI. L r- 10,50 50fur”

04 " 11. 0.70 100ml
KW Remarks (Observations of Ground Water etc.)

I] Undiaturbed Sample 95 Angle of Friction Water struck at 2-50!“
0 Disturbed Sample m.c.Molsture Content water Standing law-1 2'50“
AWarer Sample v Bulk Density
I Penetration Test N S.P.T. Value

0 Apparent COhQSion Water levels are Iubiacr to aaaeonal or tidal variations and should not be taken as con-lam



launch No.

Holst Soil Engineering Limited 3
SK 113 SE 286BOREHOLE L06 4730 am

Comvact No. ..§I.v.2.9.5.7./E~.3?.‘!.3
Location i ,‘ .Parezsham. Roadi
Cliom. , . .Enevash. .Homugh. mama
Molhod of Boring ........Pucussinn ‘
Diumotor of Borehole .......1:59m.............

our. Yhicknou n...
Dami ion of Sun- d no I c a (mo. vm W" aux?) Shogun) 5.3.4. xumm an: 7. mm.» "

TOPSOIL 0.30 0.30

Grey brown very stony sandy I F '
cm! '

V 1.20 0.90
Medium compact medium grained _ 1.50
SAND and GRAVEL ‘ I 19

z . 50
I 16

3 O
21

4.60 3.40
- K

Highly weathered red/brown ' 5.00
out)! MARI. with occasional " " I] 41 7 19A 2040
bands of green max].

1

’1
6 . SD

124 o 28.2 2205

8.00
131 6 26.3 2235

’ 9 . 50
10.30 5‘70 n 142 e 22A7 2250

Moderately weathered hard MARI. 10.50 Sofa:
11. 0.70 I 100m

KW Remark: (Obsewnlions of Ground Water etc.)

I: Undlszuvbed Sample a) Anglo of Friction Water stuck at 2-50m
ODisiumed Sample m.c.Molmm Content "at" Standing 12"“ 2'50”
A Wmer Sample v Bulk Density
IPormmion Test N S.P.T.Valua

cAppanm Cohesion w-m lmls m whimm umml onia-I "union! m1 mould nm b. ukm u comm



Holst Soil Engineering Limited
Borehole No.

7
OBOREHOLE LOG 8K 43 SE 2‘?

Contract No. .§.I.:?.Zl§.7l/.F.°.3?.‘!3 .............. (F73? 3393‘
Location ......Eeterehemfioed .............. Sheet” .1.of ..... 1................
Client ......... E.I9K§§h .591299811. .Co.uncil . . Chelnage ..........................
Method of Boring ..... Retausaion ........... Ground Level ..... 3A. 50m. A. 0.1).
Diameter of Borehole ,1.5.0.U'!El .................. Date. . . 2.1 . ll .15 ................

Depth hleknesel Type ‘5r - f c mt. VDescription of Strata Legend 63323:) Lieu” Saar”. Klqm dag % “mm N

TOPSOIL ‘ 0‘40 0‘40

Medium dense grey brown very :6 ‘r 1 00 27
sandy GRAVEL with bands of sand ‘ :5 i

‘5 2f) 22

l l‘ " 3T0 15

‘ ‘03” 3.50 3.10
.I‘ I

Completely weathered red and l, ',
light grey green silty MARL ‘

”I
.1, 4.50

\ “g D 76 o 20.1 2090
1' I‘-

. X"_

‘5 ‘.

’T g 6.00
k ‘ [I 89 6 20.2 2085

v

r x
’ . 'x'
x‘

‘_ f k 7.
"m ~ 76 6 18.2 1965

' I“ 8.20 4 70
five“

Moderately weathered hard red 1:”:
MABL ..__ w__ 8 o 50f

bl...“ 9.00 0.80 :E 70“?

Key Remarks (Observations at Ground Water etc.)

I] Undiaturbed Sample til Angle of Friction Water struck at 2.40m
ODisturbed Sample m.c.Moisture Content Final standing level 2.40m
A Water Sample v Bulk Density
I Penetration Test N S.P.T. Value

cApparent COhGSion Water levels are subject to seasonal or tidal variations and should not be taken as constant



Holst Soil Engineering Limited
Eovulmll Nv.

7
SK 03 86 2‘70

Comm No 81.2467]? 3243 BQBEHOLE LOG 4739' 339%
Location... Sheet...Lof ..... 1................
Cllom......... Exam-9h .Bawpgh. .Comci1..
Mmhod of Boring. Remussdon
Diamam oi Bar-hole .

Chalnnge . . . .
Ground Laval
Dat0.,.21.ll .75.

.3A.5nm.A.

Descri ion of Strata a 23:“ ”if” “I” c E M: v Nm “m G.L(r:) Sun-(m) 5&9:- KNIw-m m “k Ito/cum
PSOIL

T0 0 £10 0 £0

Medium dense grey brown very 1 onsandy GRAVE}. with bands of sand ' 77

2.109 22

LTD 15

3.50 3 10

Completely weathered red and v ,
light grey green silty MARL '

' ., 4.50
.x_ U 76 o 20.1 2090
Y \-

. X‘

)5 .

T x 6.00
\ ‘ D 89 5 20.2 2085

Y

( I. 1'
x' A

‘ ’_’ x 7.
‘L 76 6 18.2 1965

4

Moderately weathered hard re’d
MARI.

8,3,6 50ft):0.80 mm

Kay
D Undiflurbed Sample ¢ Angle of Friction
0 Disturbed Sample
A Water Sample
I Punctuation Tm

m.c.Moimre Content
v Bulk Density

N S.P.T.Vllua

wilemark: (Oburvations al Gmund Water etc.)

Water struck at 2.40m
Final standing level 2.50m

cApparent Cohesion wuzv lull: a: White! In uuoml m t‘mx "muons und should m be lukan .5 cansunt
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131.
1-1-1511: 111111. on. .bm 140 11.1. 0M)
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Baal-111)

12.111111111111111. 11.11. 11.1 1111,1110.
TnL-Il dmnhod mlId nutter 44‘“
Ammunimnl mukr. ‘Dl111.111.111.111 .11 1.» 111.1111 011111111111. 1-71
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'1.1 1mm “.135Omen 1111111111111 111 3 1111111. -oI
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KM.

Emu-4““ "‘“l M ——-

'Long Eaton—Map 141. . ,
42. WlLSTHORPE, bore at, Map 51 s.w. Height above 0.13. about

50!: r 1043 .1
Soil 1 v i. 2 n 2 osufiduywrickurth) 2 o 4 ovei,sant1.andsninhhitsemeum >Ihlle‘ withquutxite pebbles 4 u 3' 0Red und h1ue mud with quartzitepebbles .-.. 31 0 39 oStifi red clay with small lumps‘ ofh1uesha1eandiewcrnebb1es 21 a 62 o 'sn‘n clay > .. s o 70 0Red marl 3 0 7a (1Red marla-Adblueshale . 23 o 96 0Thin seams of sandstone and'.blue1 marl.“ a 8 ~99 6\Hard sandstone in thin beds, with ‘y, shalt pmingu and thin vein a: -Kcuper gypsum 19 6 119 01m Hum grey mad with thin bands‘nl. sandstone . ' 34 o 153 (1Hard calmmussandswne. 1 a 154 aRedmarl . 1 s 156 oSandstone . _s o, 162 0Red and gmcnmarlaudshale 68 o 230 oRedand h1uishmar1... 15 o 245 0Red sandymadsmne V a o 251 oRedmarl .. s o 257 oConglomenite commd of small 1pebbles _ (1 s 257 6Water— Redman: 1 20 a. 27:1 0stones Hard shale 1 s 279 5. Rcdsandymn [9 a] 288 0Coarse red sandstone with aub— -angularpebbles 2 o 290 0Coarse red and white sandstone,anguhrpebbles .,.’ 1o 0 300 onluish grey sandstone uith sub-Sangulazpebblc 4o (1 340 otiff pale greenish-bl [g sand marl,highlymlcamousu ..y ”.... 3 0 343 o1ghl reddish waist sand-Mk(calcareous) . .. 28 o :173 o

Shipman classed the uppermost so it. at clay as Boulder Clay bemuse ofthe supposed mixture or pehmee with Keuper Marl to this depth ; but, fromlocal conditinns, it is more likely that these were introduced accidentallyduring boring operations. His clasifirztdon of the Keuper and Bumer hasbeen altered in amatdance with our inmpremtion of the district.
Shipman states that the boring “ was abandoned at a total depth e1371 it,owing to the extreme hardness of the waver—about 143”, which rendmd itquite unfit lvr domestic purposes. " " I was then asked to se1unt nnother sihe,and n boring was made in the a11uvia.l plain by thu side 01 the new Methodistc1iape1 on the Derby Road. Here n copious supply of excellent water wasmched at a depth of 45 {L tram ill: lurlau ut the Bunk! Sandstone?
'The Water Supply of Nuttinghalnshire (Man. 6201'. Sunk), 1914, p lll.

VMM37I0>L in)...”

1/ age/{3.5

I;
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' Var/J‘x‘LIVELlr SOP}

f Geo; map

/ ‘ Made by

Communicated by From J. Shimzm,‘ Geolo "tstagme ordiéfiéa

'NG “ .-ILsr.mm 4 “WW :2
I immp New Series 1.2:. 141 6

Sunk tech Bored

runs 101:
Height above Ordnance Datum
Yield
away (with copy at analylil oi: seplnte sheet)! Too, hard.

GEOLOGICAL Fommxox.

‘31 serial
Drift

\lat ers 1: ones

Buucer

Cley,beeause

dopth:but,f1
uced accider

Keizper and I
of the‘distx

GEOLOGICAL Suva
Janm Sn

’ L
LL
L

in. mlp Ls'jw
D-ce lJGS-hJC

1571

cc . , 1;§1:a

A. / ,
nuanfimzerz

J

I

,9 "'m’mm '
mums on gnu-A. ‘ Fun Imus.

Soil 2 :.
Stiff clay (brisk-earth) 2 - '1, 4 -

Crave-,send and 5113.11 bits of Kennel: L

shalemith quartzite pebbles 4 .. 8' _

lied ald blue marln‘rith quart-Bite pe be. 51 - 39 -

stiff'red clay,‘.7ith small lumps of \
blue sh ,le,a.nd fe er.pebbles 23 " - “ 62 -

Stiff volay 8 — '70 —

fled m" r1 3 A- 515 -
Red Int-:1 and blue shele 25 - 96 -

Thin seams of sandstone and blue mail 5 99 6
Hard sst.in rthin barley/1th shale ‘ ’

partings and. thin veins of gym 2. 19 6, —

rfard g. ey mrlmith thin bands of s t. 54 - -

Hard calcareous s: t. _ l 6 6

Red marl 1 e _

Sandstone 6 - -

Red and gzeen marl and shale 68 - -

Red and bluish marl 1-5 -

Red sandy ruerlstone - 6 - -

Red mrl ’ ’5 - _
Conglomerate comgosed of smallgebb . - 5 ‘ 5

Redmarl 20 6

Hard shale 1 '6
Red sandy marl , 9 - -

Coarse red ssh-sit}; subangular pebb' . -'2 - _

Cse.red and white sst., .‘ith subangular as? - —
pebbles 10 — _

Bluish grey sstmith' suba'nuular peb' s. 46 -' -

Stiff pale greenish-blue sandy marl _ J‘

highly calcareous. ‘ 7.7 - 543 -
Light reddish coarse sand-rock(calc .)_ 28 - 57$ -

Shipman classed the uppermost 60ft. sf clay as L3ould-er

of the sugposed m.,xture of pebbles vith Keuper 125:1 to 11115

om local conditions, it is more likel' that these 'ere introd—

tally during boring; operations. His classi‘icati n of tie

unter has been altered in accordance with air int mreltatiom

ict. I

P T.0.

m: Mummy, - f > ‘
n. Loxncm. S,W.1. - (mom). 1*: ' m cm 2500‘ 1125. 0,16 0A-

L r
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BOREHOLE RECORD - Cable Percussion gLL13; 322 c.0501 sh... 1 of 1
Project cnuncu um: - RIVER mew Engineer CHARLES HASHELL r. Borehole Bl-I41

PARTNERS Coordinates (.LJQSL‘l-F’
17.100

Client sevenu TRENT HAIEil LIMITED Project No 96--8957

Sampling Properties Strata
Salple Depth D'Fu' Strength ll SPT . _ Level

qth Tye M "a?! w“; i N Description Depfll Legend m

0.00 - 1.20 .._ B meson. 0 20 &<\‘S&\
Stiff brown and red brown friable silty ' "~13;
sandy sravell CLAY. Very gravelly in ~—-—_
parts. Grave fraction is me to ' '
coarse sized and rounded to angular.

— 5 ft 11 .0 ll 0.90. L t“-o e cu roan ver so rave '
1.20 - 1.65 027 1.20 CULY Gravel fraction: finding to y

coarse sized and rounded to aubangular.
ALLWIUM.

1.65 - 2.10 B

2.10 - 2.55 _ 040 1.50
2.40

2.55 - 3.10 B :fdiurlgense light brown sandy GRAVEL.

"" 3.10—
3.10 - 4.10 0 Soft to firm broun and red broun \rerylI 1 ,
3.10 - 3.55 C 3.00 19 sandy gravally CLAY. ALLUVIUM.

“ «.10E'
. Mediun dense to dense brown slightly ‘

6.10 - 6.55 SJ 4.00 3.30 (.0 sandy GRAVEL. Gravel is fine to coarse
sized and romded to subangular. RIVER
TERRACE DEPOSITS.

4.55 - 5.00 B 28

5.10 _ aux-1 —
5.00 - 5.45 I: NR NR 20

5.145 - 5.30 B

5.80 - 5.90 J 5.80
6.00 - 6.45 — U53 6.00 5.00 Firm to stiff red brown friable yery —

silty CLAY with some fine to mediun
gravel sized angular Heal: Iludstone
ithorelict frowns-ms uiehin the

6.45 J matrix. HEREIA HUDSTDNE GRCUP ZONES
6.45 - 6.60 J IVAN”.

0 ' ve stiff with th.6.60 - 7.05 — s4 6.00 5.00 64 "mm w dep —
?.05

Boring Progress Groundwater

W Depth Dept" i'" (A) Depth Depth Depth Ranarks on
Depth Dia Technique Cred of to Date after

file Cased W E (P) 5'3“” 63‘5” 20mins Sealed Grommeter

7.05 1500111 Cable Percussion. KS/TS Start 12/12/96 (0.10 0.10 3.30 3” Median inflou.
7.05 6.00 6 00 P12112/96 * Partial at 6.00m.

End 12/12/96

1
Remarks Ins ction it du to1.20m.

Earfingdgggptpemzabilgylmtesif: cara‘isgnout.‘ 1001 |:_\.
a er a o assist ring rorn to . ~

Sta 1 Installed as follows: - -
8mm”: seal 6. 00m to 7. 00m. gentEChn'cs
190m diameter slotted standpipe and pea gravel surround 6.00m to 1.0040. G

Lagged by WB Sunbols ma dzbrwiations are explained on the acmpmuing keg All linear dimensions are in metres. Scale: 1‘50



BOREHOLE RECORD
Project CHURCH 11ml: . RIVER 111:1"

Cable Percussion
Engineer muss 1111511511 6

12111111915

SLLP) $g 4591 she“ 1 61 1
Borehole
Coordinales LLn-F)

BH41

O
Pro‘ect No 96-6957Client 55112111: 11121" 1101511 11111150

Sampllng Properties Strata
Sup}: W “a“ W 11 :71 Level

new. be M m luv/112 , I nesaaptrm Dwm Lewd
.J _.0.00 - 1.211 a mason. ‘ ’

stiff 6rrandom edbrovn friable silxysandy grevell cm. Veryogravelly 1npens. crelreandfraction ls me (cur s1 edsnd angular.

_ 561: 110. um" very men1.20 - 1.35 027 1.20 cm.Ye revel mernmwilzflm5 Vmrse sued eumggulsr.10m
1.65 - 2.10 a

2.10 . 2.55 _ 060 1.50

2.55 - 3.10 011ed1un dense 1191»: 6mm sandy anvil.ALLWIuL

3.10 - 1.10 0 5111: en tire 6mm Ind red brown very
3.10 . 3.55 c 3.00 19 [Indy grlvully cuv. 1110171011.

Iledlur. dense (a dense prom slightly1.10 - 1.55 SJ 1.00 5.30 10 s mvsl. Gravel ls fine In coarseshed and r 6 SWIM. 21mmm: 05105115.
1.55 - 5.00 a 25

.10 mm5.00 - 5.15 1: u n 20
5.15 2.00 0

5.110 5.90 .16.00 - 6.15 — us: 6.00 5.00 rim to snin red 6mm friable veryslny cm um. srlane fine 0 ”do?!”
flxhorelm ri'ewgem 6mm. Heme0 den-1x. 111 111mm: EIWP 101155 A.

- 6.60 1 11/11/11
0 ' ['11 'm m.6.60 - 7.05 _. 5.1 6.01: 3.00 61 "w"! "W “ m a.“ i.7.05

Boring Progress Groundwater
new. Depth I“) Dev”! 11 koeptn ‘ 016 red-nape era 01 “V" u: “q" "q" am: "'9 “a 5 °"
Male 535” Ibur 1110’) W W 20 ; “W“ ”MM“!

7 06 1500!» cable Percussion. zs/rs Starr 12/12/96 1.10 1.10 3.30 1' ween... infleu.7.05 6.00 6.00 P12/I2/96 - Pnrtlal at 6.0011.Em 12/12/96

1
1
,

ction n :61:1??!“ hug‘mg-hilggymmgrcarried’finmr. I. 10-er dded 6 assls H :o .a 1 msuued as 1 llous:“M61115: see61 6.0011107.00111 geate hr" 5
diameter sloned sundp1pe and pe- grlvel surruurd 6. 0011 w | 0011. E

“3995" WI ””3 All lmear dunenswns are 111 metres. Scale: ‘15“Samols end drummers we exple-m a. a: mug keg.



TRIAL PIT RECORD
Project cuuacu HILNE - RIVER IRE»! Engineer CHARLES uAsUELL l. mamas Trlal Plt

Slwgfi2/
Coordinates L440 5" '4-. :5 . 993

Cllenl SEVERN TRENT HAYER Lmnsn Pm em No 96-0957
Face A B I C [ D

Depth Lava
Ground L. a:

Ill ,

Elevation
01 _ _ ,
Fit Faces

Trial Pu ‘ ' ' —
Logged by
.n — 7 — 7

Vertical
Seal. ‘ * — *
1:5n

Samges and Fests Strata
W?“ ’1'" “.333 w firm o-wvm Sfi‘m‘fiim

1.20 I See mm nus m log.
1.10 a “an... dense brmn very smy sandy cm mu some Hell graded ALLUVIUN.1‘40 2 gravel.

* Dimensions Groundwater
0.2. 'nm lone mommad during

'7/‘2/57‘S Bantam-a I WW“ Bearing e , 1.00 new-non.
Plan! JCS scx 22°

Shnnng no": A c g 240

51mm, smug. ’
D

Remarks vi: abandoned 3: 1.40m due to encmnlering a large cast iron later pipe [1
(pipe mt damagcd). 5mm: :abl: przvmled pi: bm'm waved closerm the Severn Irenr works. geate rug—5

Wm M mm W - W m mm.“ M, .., 1m Wm H m .m— Cl



FOU'NDATION ENGINEERING
I. . Ltd, BOREHOLE LOG

,, u LOCATION :NOTTINGHAM BOREHOLE Na‘ : I
, LICTBOREHOLE DIA.: g~ AQUED GROUND LEVEL: IOZ’ o o.‘

DATE (Start) : 9 - I - roe: WATER LEVEL :sze 'Haa

Dates Ducriptiuu Thicknss Depth SimpIe Remarks

oI—o' :
MADE snot—"Na _,-d 4'—c5 :

1 “a.“ ;
, n Iu

4— _ o M“ . .|
‘ :ir— mowed hmawn ._ 4' -o" 2' 5'-7 CLAV .

O 3

CGMP==1 3"7’ ‘nfidy
=..._.,L‘, SQAVEL

. 4
NaIe:

" Wain be, chub ca‘ed E . BOREI—IOLE comoLe-n
a-.=..-=‘ ..J «E. 5‘ -o- -

. wha— ,3” (1.3.... s'-6
1. 4. .4' q," dvé...j

pact. break.

mm- /

' BOREHOLE SCALE :1”: S’ - : DISTURBED SAMPLE I:UND}STURBED SAMPLE + STANDARD PENETRATION TEST
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DEPARTMENT OF THE ENVIR

CONTRACT FICD 7/1/111:!E.EAICN PROGRAMME 10 ASIEIS "I! FOTENVIALLV
WOIKAILE IAID AND DIAVEI. RESOURCES IN TN! SOAN VAlLEV LEICE‘I’ERIHIII.

alumna con'rucron coonmnn '
WWDA‘HON ENGINEERING LTD‘ AAE590i 330548"

DIILLINII “moo/mom»: onouun LEVEL no“ nulunClhle Tool Percussion/FIRM Viyflrrer 29.71: 00 EN Il-

PAIYICLE IIZE twin" 5 (mm) "Mn osscmmou
“up“ ' n u: : nu (Anemia. to u use: 3 a g. q uhum 2 2 E 5 _, g i. .(a) s E $ 3 2;? > Q I 8A v u. v r- :5! I .1

surf. bra-m, nnumy "my. ungmy
“mu, cm
Suff. green bro-n matllld H'hk brawl..m, cm um .cmma con mwm -
Sch. Ix‘h! arty. very lllldy CLAY

1.9.2417 - u 75 12 . m 77 x: Vsz’om‘mu“'mw"w'"“m

zen—3.1x: A 75 n 1 a7 a n 1 m,wxww.wrmwm
mummlu (2.10)

Janna u 71 14 1 a s z) 1

ALID—6.5) . 7A :51 a a: a: Lmrumkm.wmmms.m
m.mmmm (2.”)

am am”www.mmmdmn. _ "vzychyq mmlnmmwm 1m 2.» , “—
wwmuzzmu.

remain-a “mm. lifilnnu: ma ans—mung 1.0-. EE W

mm Nuns 1.5: m. ENGINEERING GEOLOGY LTD.
Inna-u Nae—EM imam. In IIOOCII'ION NIIII
mnm 0.31 GEOMORPHOLOGICAL SERVICES

LTD.



BOREHOLESCOTT WILSON KIRKPATRICK 8. PARTN ERS
. . SKI-t3 5E. 85 No. 143

Consultmg Englnaars & Transportation Planner SIIEET ‘ OF 5
A564 DERBY SOUTHERN BYPASS

' il Mechanics Limited COORDINATES
Had Work by ‘ :ble tool boring AND DERBY SPURmm“ ' PRELIMINARY GROUND “5733's 5Dates : 21.433 3305613 N_ , 150mm INVESTIGATION:ole Dlganmons . 150mm GROUND LEVEL

in imenaiona 1
aa 9 31.19 mOD

Casing Water Samplas/lnaitu Tests Change at Strata Pam,
Date Depth Depth Dapth Type Test Legeni Death Reduced Descrlpllon oi Strata s'pioe

(m) ImI Int) No. Result lmI Laval
’ Firm brown sandy CLAY with some gavel

I010) IForeman't description]
. ' {MADE GROUND]

use. 1.20 31 ‘g-g, ”'39W
' " 1.05 ‘U- 30.14 IForamn's dmriptionl

'IMADE GROUNDI .J

‘: Yellow brown vary clavay SAND with occasional
II '25, ‘ pockets ol dark gray organic and and rare round-d1.95 1.55 . 2.00 U2 '18‘ gnu:

2‘00 20 T” " s 1: IALLUVIUMI
2.10-2.55 us (10) 2-30 : 28.89

2.30 :

2.40 - 2.90 [B4

39° -- -- c 1- Medium um: brown SAND and mbmunded
3.05 , 3.50 as I I21) 1 ta tubangular GRAVEL with occasional cobbles
3.10-330 I" [RIVER SANDS AND GRAVELSI

4.00 n 0 __

c I:
4.50 . 4,95 36 I (25I {500) ->

5.00 .. .. .1'.4.60 . 5.20 t

I.
am _. .. SEC .

6.05 - 6.50 B? I I‘IOI -
6.20 . 5.70 I ..

.. we .. E.
7.30 2339 JRed brown modaulolv to highly waathered
‘0 7O . MUDSTONE vary weak to weak with frequent

21.5.38._7_an 320 “30 ’ 39° ‘ “0} 3534:: ;_—,: 3.00 E; 23.19 I
1 BORING COMPLETE AT 8.00mI! : ROTARY FOLLOW ON
ab

-» -- J”.

Rem-{kl 1. Hana excavated inpsection pit to 1.50m SDALE
3?. Hats! added to assist boring 2.30 to 4.50m I . 50'

W . J.- r'“ Booth gunman; v I?)'§W::m:;;n F I GURE
' .V

- II I OI‘ " CO I
w . I I Soil Somme financing“: I IZSI'N VIM A1

,5 l mmtu I - Pan-tram» hr llama M
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SCOTT WILSON KIRKPATRICK aPARTNERS
Consulting Engineere fiTrensportetion Piannersi

Human by: Soil Mechanics Limited
Method: Rotary core driliing lair flush)

Detee: 26 to 28.4.88
Core Diameter : 90mm
casing Diameter: 121mm

DRILLHOLE

SN Vi. SE 85 No 143
A564 DERBY sourmanu BYPASS “557 2 OF 5

AND DERBY spun COORDINATES

PRELIMINARY GROUND

INVESTIGATION

GROUND LEVEL
m OD

Drllllng Chance of Strain Description of Strata M
on. our» ‘pun 1' mat-s: mmw noun u-i- k'pipoIn: 5': 7' .,' Imi Level

‘ I
t

1

3 II
t '1
: CABLE TOOL scams '|

‘F __ (Animus :l
i

ll
'1
'It. -- I!
ii._ 'I
I

1L- ' |

1
4

“
]

‘l
1
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Executive summary 
This Geotechnical Design Report (GDR) relates to the Smart Motorway scheme on the M1 motorway 
between Junctions 23a (East Midlands Airport) and 25 (A52 Nottingham). 

This report has been prepared by AmeyArup (AMAR) in accordance with the guidance set out in HD22/08 for 
a GDR and design has been undertaken in accordance with Eurocode 7. The report text describes the 
approach taken in producing detailed geotechnical design solutions for the Smart Motorway works. The 
appendices to this report contain details of the application of the design methodology to individual structures, 
earthworks and other geotechnical features throughout the scheme. This report is a Design Fix 5 deliverable 
and is a revision of the GDR produced at Design Fix 4. 

Generalised material properties and parameters were derived as part of the AMAR Ground Investigation 
Report (GIR); these are refined based on local data from nearby historical ground investigation data for 
major structure and earthwork widening locations. These are presented within Geotechnical Summary 
Sheets appended to this Geotechnical Design Report. Scheme specific Ground Investigation has not yet 
been completed at this time. A ‘Just in Time’ validation Ground Investigation has been proposed to take 
place during the construction phase to verify ground conditions and allow design validation, where 
considered necessary. 

Highways structures and design locations for this scheme include: 

• Gantry foundations (major structures); 
• CCTV mast, large traffic signs, environmental barriers, radar masts, EAV poles and Remotely Operable 

Temporary Traffic Management sign foundations (minor structures);   
• Emergency Refuge Areas; 
• Cross Carriageway Ducts; 
• Mainline verge widening to accommodate drainage and communication ducting. 

To determine the preferred widening solution for a given location based on its particular topography, the 
decision flow chart developed within the Peer 2 Peer community and re-produced in the AMAR Lateral 
Solutions Options Report (2016) was used. 

Where a slope regrade was required a numerical model using the slope stability modelling software program 
SLOPE/W was used. Retaining walls were required along some of the verge widening extents, as well as at 
some major structure locations. Where retained heights were to be of greater than 1.5m in height, an 
Approval in Principle was produced. Embedded retaining solutions were modelled for suitability using the 
program WALLAP. 

Foundations for minor structures are to comprise either a planted foundation (where applicable), bored piles 
or pad foundations, depending on structure type and associated loadings. 

Five different types of gantries were proposed for the scheme; these were MS3 cantilever, MS4 cantilever, 
ADS cantilever, super cantilever and superspan portal. 

All gantries will be constructed on pile caps and group piled foundations. 

A separate GDR has been produced relating to Cross Carriageway ducts. 

Earthworks and retaining wall specifications (Series 600 and 1600) are appended to this report, along with a 
specification for the proposed ‘Just in Time’ validation Ground Investigation. 
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The geotechnical risk register from the AMAR Geotechnical Design Report, Rev P01 (Design Fix 4) was 
updated as part of this Geotechnical Design Report. The significant hazards highlighted were: 

• Insufficient land space for widening solution chosen; 
• Proximity of adjacent structures (i.e. buried culverts); 
• Unknown/variable ground and groundwater conditions; 
• Delay in undertaking ‘Just in time’ validation ground investigation; and 
• Localised flooding and reduction in floodplain area due to earthwork widening. 
• Incomplete and inaccurate topographical survey data. 
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1. Introduction 
1.1. General 
This report relates to the Smart Motorway scheme on the M1 motorway between Junctions 23a (East 
Midlands Airport) and 25 (A52 Nottingham). 

The M1 in the East Midlands is a key strategic route that carries high volumes of heavy goods and other 
vehicles between the conurbations in Leicestershire, Nottinghamshire, Derbyshire and beyond to South and 
West Yorkshire, with key links to the West Midlands and the South. 

The proposed SMP scheme for M1 Junctions 23a to 25 includes the following elements: 

• Smart Motorway infrastructure to enable hard shoulder running; 
• Emergency Refuge Areas (ERAs); 
• Lane specific signals and gateway gantries; 
• Rigid concrete barrier in central reserve; 
• Lighting; 
• Pavement and drainage renewals; 
• Environmental barrier; 
• Tie-in to development of the proposed strategic rail freight terminal between Junctions 24 and 24a. 

Where verge widening is located on an embankment or in a cutting, earthworks and/or retaining structures will 
be needed. 

This Geotechnical Design Report (GDR) describes the philosophy behind the geotechnical design solutions 
for structure foundations, earthworks and retaining structures for the Smart Motorway works. For each major 
structure and major earthwork widening location a stand-alone Geotechnical Summary Sheet was produced 
that outlines the ground model, material parameters and geotechnical design at the specific location. These 
are included as Appendix A to this GDR. 

Geotechnical design solutions include: 

• Piled foundations for major structures; 
• Cutting regrade at 1vertical(v):3horizontal(h) or 1v:2.5h; 
• Full height embankment widening with granular fill at 1v:2h; 
• Granular wedge at crest of embankment at 1v:2h;  
• Localised re-profiling (Minor cut/fill <500mm); 
• Steel sheet piles and King Sheet Pile (KSP) walls  
• Low height retaining walls; 
• Gabion walls. 

Scheme specific Ground Investigation (GI) has not been carried out, with the geotechnical design completed 
on the basis of ground modelling undertaken utilising historical GI information as outlined in the Ground 
Investigation Report, Rev P01 [Ref 1] and driven LiDAR survey information. A ‘Just in Time’ validation GI has 
been proposed to be undertaken during the construction phase to validate ground conditions and design, 
where considered necessary. 

This report has been produced by Amey Arup Joint Venture (AMAR) in accordance with the requirements of 
HD22/08 [Ref 2] and is a deliverable for Design Fix 5 (Detailed Design). This GDR is a revision of the GDR, 
Rev P01 completed at Design Fix 4 for Target Cost. A further revision to this GDR may be issued to 
incorporate significant changes in the design following the ‘Just in Time’ validation GI. Minor changes during 
the construction phases shall be incorporated in a Geotechnical Feedback Report (GFR). 
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The following geotechnical reports have been produced previously for this scheme: 

• AMAR, M1 J23a - J25, Statement of Intent, Ref. HA549342-AMAR-HGT-SWI-RP-CE-000001, HAGDMS 
Ref. 28704, Rev P01, October 2015 [Ref 4]; 

• AMAR, M1 Junction 23a to 25, Ground Investigation Report, Report Ref. HA549342-AMAR-HGT-SWI-
RP-CE-000002, HAGDMS Ref. 28929, Rev P01, February 2016 [Ref 1]; 

• AMAR, M1 Junction 23a to 25, Geotechnical Design Report, Report Ref. HA549342-AMARHGT-SWI-RP-
CE-000003, Rev P01, July 2016  

A scheme specific Preliminary Sources Study Report (PSSR) was not deemed necessary as all historic 
information and data sources were included in a PSSR previously produced by Ove Arup & Partners for M1 
widening works between Junctions 21 & 30. [Ref.3]. 

1.2. Ground Summary, Ground Conditions and Material 
Properties 

The ground conditions, material properties and parameters are presented in full in the reports referenced 
above however they are summarised in Tables 1-1 and 1-2 below respectively. The material properties and 
parameters are refined based on local data from nearby historical GI for each major structure, retaining 
structure and earthworks regrade location and presented on the individual Geotechnical Summary Sheets 
included as Appendix A to this GDR. Geological Long Sections for the scheme are presented as Drawing 
Sequence HA549342-AMAR-HGT-SWI-DR-CE-000016 to HA549342-AMAR-HGT-SWI-DR-CE-000042, in the 
AMAR GIR [Ref 1]. 

The ground conditions encountered comprise bedrock of Mercia Mudstone of varying degrees of weathering 
which comprises interbedded layers of mudstone, siltstone and sandstone. The bedrock is overlain by Glacial 
Till towards the south of the scheme extents. The central area of the site is dominated by the River Trent 
floodplain and therefore fluvial, glaciofluvial and mass movement deposits overlie bedrock within this area. 
The north of the scheme extents has limited superficial deposits recorded. 

Embankments generally comprise locally sourced fine-grained fill (re-worked weathered Mercia Mudstone), 
sometimes underlain by coarse-grained fill (various rock types). 

Groundwater was not often recorded within historical exploratory holes, but can be assumed to be at projected 
flood levels at localities within the River Trent floodplain as a conservative assumption. At locations within a 
cutting with no groundwater data, groundwater is assumed to be 1m below ground level. At locations within an 
embankment, which are outside the floodplain extents, groundwater is assumed to be present at 1m below the 
toe of the embankment. 

A ‘Just in Time’ validation GI will be required to confirm ground model assumptions at site specific locations 
where existing local historical GI data is insufficient. The requirements for this GI is outlined in the Validation 
GI Specification, included as Appendix B to this GDR. 
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Table 1-1 – Characteristic Material Properties Summary 

Stratum γ (kN/m3) NMC (%) LL (%) PL (%) PI (%) SPT N 

Embankment Fill 21 2-31 
(15) 

21-49 
(33) 

10-28 
(16) 

8-31 
(17) 

10-40 
(15-20) 

Alluvium 20 8-49 
(23) 

34-62 
(51) 

15-37 
(27) 

19-32 
(20) 

28-36 
(32) 

River Terrace Deposits 20 4-14 
(10) 

- - - 10-50 
(30) 

Head Deposits 20 8-24 
(16) 

26-57 
(41) 

13-25 
(17) 

12-32 
(23) 

10-23 
(20) 

Glaciofluvial Deposits (fine-grained 
materials) 

21 2-39 
(13) 

20-65 
(36) 

11-33 
(19) 

5-32 
(17) 

5+5z 

Glaciofluvial Deposits (coarse-
grained materials) 

- - - 10-40 

Glacial Till 21 8-25 
(15) 

23-48 
(36) 

9-21 
(16) 

14-29 
(20) 

5+7z 

Mercia Mudstone – III/IV 21 6-41 
(18) 

18-55 
(34) 

14-35 
(20) 

2-37 
(14) 

30 (0-10m bgl) 
50 (>10m bgl) 

Mercia Mudstone – I/II 22 6-24 
(13) 

- - - - 

Mercia Mudstone – Siltstone 22 8-34 
(15) 

- - - - 

Mercia Mudstone – Sandstone  21 13-21 
(17) 

- - - - 

Notes 
1. Typical ranges are given with characteristic values in brackets. 
2.  z = metres below top of stratum. 
3. This table is to be read in conjunction with the AMAR GIR [Ref 1] and should not be used in isolation. 
4. Characteristic properties are re-assessed on a site-specific basis for Geotechnical Summary Sheets. 
5. γ = bulk density; NMC = natural moisture content; LL = liquid limit; PL = plastic limit; PI = plasticity index; SPT = 

Standard Penetration Test. 
6. Some strata had limited data available; in particular Alluvium, Head Deposits and unweathered Mercia Mudstone. 
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Table 1-2 – Characteristic Geotechnical Parameters Summary 

Stratum cu (kN/m2) c' 
(kN/m2) 

ϕ’ (°) mv 
(m2/MN) 

cv (m2/yr) Eu 
(MN/m2) 

E’ (MN/m2) E νu ν' v UCS (MN/m2) BRE Class 

Embankment Fill 30-240 
(100) 

0 25-42 
(27) 

0.01-0.25 
(0.08) 

3.6-22.0 
(10.7) 

10-20 
(7.8) 

5-15 
(6.2) 

- 0.50 0.10-0.30 
(0.20) 

- - DS-2 AC-2 

Alluvium 22-180 
(30-50) 

0 24-26 
(25) 

0.16-2.15 * 2.0-6.0 
(4.0) 

1.0-4.0 
(3.0) 

- 0.50 0.10-0.30 
(0.20) 

- - DS-1 AC-1s 

River Terrace 
Deposits 

- - 28-44 
(38) 

- - - 30-100 
(43) 

- - 0.30-0.40 
(0.35) 

- - DS-3 AC-3 

Head Deposits 50-121 
(100) 

0 24-28 
(27) 

0.09-0.20 
(0.10) 

* 4.8-20.0 
(7.8) 

3-15 
(6.2) 

- 0.50 0.10-0.30 
(0.20) 

- - DS-1 AC-1 

Glaciofluvial Deposits 
(fine-grained 
materials) 

28-355 0 24-27 
(26) 

0.03-0.36 2.8-25.4 
(12.8) 

3.3-20.0 2.6-15.0 - 0.50 0.10-0.30 
(0.20) 

- - DS-3 AC-3 

Glaciofluvial Deposits 
(coarse-grained 
materials) 

- - 38 - - - 19.2-55.2 - - 0.15-0.30 
(0.25) 

- 

Glacial Till 50-300 0 24-27 
(26) 

0.02-0.36 * 3.3-5.4 2.6-4.3 - 0.50 0.10-0.30 
(0.20) 

- - DC-1 AC-1s 

Mercia Mudstone – 
III/IV (0-10m bgl) 

50-200 2 25-42 
(30) 

0.01-0.31 
(0.06) 

0.62-
44.23 
(15.9) 

5-20 
(10.8) 

3-15 
(8.6) 
 

- 0.50 0.10-0.30 
(0.20) 

- - DS-2 AC-2 

Mercia Mudstone – 
III/IV (>10m bgl) 

0.01-0.31 
(0.04) 

5-20 
(16.8) 

3-15 
(13.4) 

- - 

Mercia Mudstone – 
I/II 

- - - - - - - 100-2830 
(250) 

- - 0.20 1.9-16.5 
(4.0) 

DS-2 AC-2 

Mercia Mudstone – 
Siltstone 

- - - - - - - 75-2830 
(75) 

- - 0.20 0.16-109.9 
(5.0) 

DS-1 AC-1s 

Mercia Mudstone – 
Sandstone  

- - - - - - - 180 - - 0.20 3.40-19.81 
(10.0) 

DS-3 AC-3 
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Notes 
1. Typical ranges are given with characteristic values in brackets. 
2. * = No historical consolidation test data was available for this stratum. 
3. z = metres below top of stratum. 
4. This table is to be read in conjunction with the AMAR GIR [Ref 1] and should not be used in isolation. The above characteristic parameters are an interpretation of the findings from 

historical GI data (where data was available) for the scheme extents. 
5. Characteristic parameters are re-assessed on a site-specific basis for Geotechnical Summary Sheets at proposed structure locations. 
6. cu = undrained shear strength; c’ = drained cohesion; ϕ’ = drained angle of friction; mv = coefficient of compressibility; cv = coefficient of consolidation; Eu = undrained Young’s 

modulus; E’ = drained Young’s modulus; E = Young’s modulus for rock; νu = undrained Poisson’s ratio; ν’ = drained Poisson’s ratio; ν = Poisson’s ratio for rock; UCS = unconfined 
compressive strength; and BRE Class = derived from BRE SD1 [Ref 5]. 
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1.3. Geotechnical Category 
Anticipated earthworks and retaining structures for the scheme were reassessed following the submission of 
the AMAR GIR [Ref 3] as part of this GDR. It was determined that the proposed earthworks, retaining 
solutions and foundations remain ‘Geotechnical Category 2’. 
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2. Earthworks 
2.1. General 
This section relates to all areas of the scheme where widening is to be achieved by earthworks comprising 
cut and fill operations carried out without the use of earth retaining or strengthened earthwork elements. 

The earthwork solutions are as follows: 

• Cutting regrade  at 1v:3h or 1v:2.5h; 
• Embankment widening with granular fill at 1v:2h; 
• Embankment widening with granular wedge at crest at 1v:2h. 

Typical details for the above solutions are shown in Drawing No HA549342-AMAR-HGT-SWI-DR-CE-000601 
in Appendix C. A Series 600 Schedule is included as Appendix D of this GDR and a Series 1600 Schedule is 
included as Appendix E. 

For areas of significant verge widening, (e.g. at major structures), site-specific design parameters were 
chosen using a combination of proximal historical GI data and taking account the indicative design 
parameters given in the AMAR GIR, Rev P01 [Ref 1]. Ground conditions used in each design case can be 
found in the Geotechnical Summary Sheets for each earthwork widening location included as Appendix A of 
this GDR. 

There are areas where ‘Just in Time’ validation GI is necessary to confirm the parameters used in design. 
These are noted in the Geotechnical Summary Sheets (included as Appendix A) and the GI specification 
(included as Appendix B).  

The purpose of the ‘Just in Time’ validation GI is to verify ground data and allow validation of geotechnical 
design. Should there be any significant discrepancies between the ‘Just in Time’ validation GI results and the 
ground conditions adopted in the design, revision of the design shall take place and any major changes shall 
be submitted in a revised GDR. Minor changes during the construction phases shall be incorporated in a 
GFR. 

The design of all earthworks was performed in accordance with BS 6031:2009 – Code of practice for 
earthworks [Ref 9], BS EN 1997-1:2004+A1:2013 (Eurocode 7) [Ref 6] and NA+A1:2014 to BS EN 1997-
1:2004+A1:2013 [Ref 7]. 

Ground profiles were modelled on location specific cross sections derived from the driven LiDAR survey 
information. Coverage of this survey is limited in parts; particularly at locations where large embankments 
are present; this is a risk to the overall design and is included in the risk register at the end of this GDR.  

2.2. Cutting Stability 
Regrading of cuttings is required for some areas of mainline verge widening and at the location of gantries 
and ERAs. Generalised cutting heights and angles are presented in the AMAR GIR, [Ref 1], Regrading as a 
consequence of verge widening may increase cutting slope angles, with a maximum of 1v:2.5h 
(vertical:horizontal) where ground conditions allow. 

2.2.1. Method of analysis 
Where a slope regrade was required a numerical model using the slope stability modelling software 
SLOPE/W [Ref 8] was used. The Morgenstern-Price method of analysis was used along with the Piezometric 
Line option for pore water pressure conditions, utilising the Eurocode 7 Design Approach 1, Combination 1 
and Combination 2 set of partial factors [Ref 6]. The entry and exit slip surface option was used with a 
minimum slip surface depth geometry set at 0.3m. 



Smart Motorways Programme M1 J23a to 25 
Geotechnical Design Report, Rev P02 
 

 

  

 

 Document Reference HA549342-AMAR-HGT-SWI-RP-CE-000003 I Rev P02 14 
 

In accordance with Eurocode 7 [Ref 6], slope geometries were considered stable when the minimum 
reported Degree of Utilisation was ≤100%. In areas where there is increased uncertainty with regard to the 
ground model a reduced utilisation of <90% has been adopted. 

2.2.2. Groundwater 
Following review of groundwater data, varying groundwater levels were noted therefore groundwater was 
modelled at 1m below ground surface level as a moderately conservative design assumption.  

2.2.3. Ground Conditions 

Specific ground conditions were determined at each location of significant earthworks widening. These are 
presented in the Geotechnical Summary Sheets included as Appendix A. 

2.2.4. Eurocode 7 Partial Factors 
Partial factors utilised for actions soil parameters and resistance are summarised in Tables 2-1 and 2-2 
respectively below: 

Table 2-1 – Partial Factors on Actions 

Load or Action  Set 

A1 A2 

Permanent Actions (G) 
 

Unfavourable γG 1.35 1.0 
Favourable (γG,fav) 1.0 1.0 

Variable Actions  (Q) Unfavourable γQ 1.5 1.3 
Favourable - 0 0 

 
Table 2-2 – Partial Factors for Soil Parameters 

 
 

 

 

 

 

Surcharge loads to replicate highways were incorporated as follows: 

• 20kN/m2 variable load for the running lanes of the main carriageway and slip roads in accordance 
with BS6031:2009 [Ref 9]; 

• 10kN/m2 variable load for ERA locations in accordance with BS6031:2009 [Ref 9]; 
• 5kN/m2 variable load for verge areas in accordance with BD37/01 [Ref 10]. 

The above were factored as per partial factors outlined in Table 2-1 in accordance with Eurocode 7 [Ref 6]. 

2.2.5. Results 
Design results based on the above analysis are presented for each earthworks widening location in stand-
alone Geotechnical Summary Sheets presented as Appendix A to this GDR. 

Soil Parameter  Set 
M1 M2 

Angle of Shearing Resistance (tan ϕ) γϕ’ 1.0 1.25 
Drained Cohesion (c’) γc’ 1.0 1.25 
Undrained Shear Strength (cu) γcu 1.0 1.4 
Unconfined Strength (qu) γqu 1.0 1.4 

Weight Density (γ) γγ 1.0 1.0 
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2.3. Embankment Stability 
Embankment widening is required for some areas of mainline verge widening and at major structure 
locations. Generalised embankment heights and angles are presented in the AMAR GIR [Ref 1], and local 
embankment heights and angles for areas of earthworks widening are presented in the Geotechnical 
Summary Sheets included in Appendix A of this GDR.  

Build-out as a result of verge widening would increase the slope angles to a maximum 1v:2h.  

The widening of embankments will be achieved by the placement of granular, Class 6N, fill. The following 
geotechnical parameters where assumed for design: 

• Unit weight = 20kN/m3; 
• Angle of friction ϕ’ = 36°; 
• Young’s Modulus E’ = 20,000kN/m3. 

2.3.1. Method of Analysis 
Where a slope regrade was required a numerical model using the slope stability modelling software 
SLOPE/W [Ref 8] was used. The Morgenstern-Price method was used along with the Piezometric Line for 
porewater pressure conditions, utilising the Eurocode 7 set of partial factors [Ref 6]. The entry and exit slip 
surface option was used with a minimum slip surface depth geometry set at 0.3m. 

In accordance with Eurocode 7 [Ref 5], slope geometries were considered stable when the degree of 
utilisation is<100%. In areas where there is increased uncertainty with regard to the ground model a reduced 
utilisation of <90% has been adopted. 

2.3.2. Groundwater 
Groundwater was modelled to start at toe drainage level and rise up to the flood level through the 
Embankment Fill and become uniform within the embankment at the flood level. This is considered to 
represent worst credible conditions within the embankment. Where flood levels were not present, 
groundwater was modelled at 1m below the toe of the embankment as a moderately conservative design 
measure. 

Rapid drawdown was not considered, as floodwater is not expected to be present at these locations for a 
significant period of time, hence the embankment is not expected to be fully saturated. Partially saturated 
embankments are not expected to immediately become unsaturated hence the effect of rapid drawdown is 
not anticipated. 

2.3.3. Ground Conditions 
Specific ground conditions were assessed at each earthwork widening location, as presented in the 
Geotechnical Summary Sheets included as Appendix A of this GDR. 

2.3.4. Eurocode 7 Partial Factors 
Refer to Tables 2-1 and 2-2 in Section 2.2.4. of this GDR for the partial factors adopted for slope stability 
analysis. 

Surcharge loads to replicate highways were incorporated as follows: 

• 20kN/m2 variable load for the running lanes of the main carriageway and slip roads in accordance 
with BS6031:2009 [Ref 9];  

• 10kN/m2 variable load for ERA locations in accordance with BS6031:2009 [Ref 9]; 
• 5kN/m2 variable load for verge areas in accordance with BD37/01 [Ref 10]. 

The above were factored as per partial factors outlined in Table 2-1 in accordance with Eurocode 7 [Ref 6]. 
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2.3.5. Results 
Design results using the above methodology are presented for each earthworks widening location in stand-
alone Geotechnical Summary Sheets presented as Appendix A of this GDR. 

2.4. Reuse of Materials 
The earthworks solutions proposed for the scheme require imported Class 6N granular fill; the mixed and 
variable materials anticipated from cutting excavations are not expected to be suitable for re-use in the 
widened embankments. In addition, as the majority of the site comprises embankments rather than cuttings, 
it is anticipated that there will not be large volumes of ‘site won’ materials through excavation of existing 
cuttings. Therefore, the reuse of ‘site won’ materials is not anticipated for this scheme. 
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3. Highway Structures 
3.1. Introduction 
The main types of highway structures proposed for the scheme are as follows: 

• Embedded retaining walls (sheet piles and KSP); 
• Gravity gabion retaining walls; 
• Low height retaining solutions; 
• Pile foundations; both single and group; 
• Pad foundations; 
• Planted foundations (where applicable).  

The proposed embedded retaining walls are to generate the necessary verge width required for Smart 
Motorway infrastructure. Section 3.2 below outlines the design methodology adopted for retaining walls. The 
Series 600 and Series 1600 Schedules are included as Appendix D and E.  

All structures with a retained height of ≥1.5m require an Approval in Principle (AIP) submission in 
accordance with the requirements of BD2/12 Technical Approval of Highway Structures [Ref 11]. These are 
presented as a separate document from this GDR. 

3.2. Retaining Walls 

3.2.1. Geotechnical Design Methodology for Retaining Walls 
Retaining walls are required along some of the verge widening extents and at some major structure 
locations. Details of retaining wall locations are included as Geotechnical Summary Sheets in Appendix A of 
this GDR.  

Low height retaining solutions will also be required at discrete locations to allow maintenance access to 
minor structures. Options considered, to date, include: 

• Plastic Sheet pile walls 
• Slab on edge 
• Self-retaining A-chambers 
• Extended pile cap design 

Typical retaining wall solutions are presented as Drawing No HA549342-AMAR-HGT-SWI-DR-CE-001601, 
Rev P04 included in Appendix C of this GDR. The verge widening retaining wall details are included in 
Drawing Sequence HA549342-AMAR-HGT-MLC-DR-CE-000001 to HA549342-AMAR-HGT-SWI-DR-CE-
000013, Rev P08 included in Appendix C of this GDR. 

Series 600 and 1600 Schedules, included as Appendix D and E of this GDR respectively, show the 
locations, depths and extents of retaining walls. 

3.2.2. Embedded Retaining Walls 
Embedded retaining solutions have been specified as sheet piled walls and King Sheet Pile walls for this 
scheme  and  is design is based on limit state analysis in accordance to BS EN 1997:2004 [Ref 6], BS EN 
1993-5 2007 and BS 8002:2015 – Code of practice for earth retaining structures [Ref 33]. 
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Sheet Pile Wall 
The design of the sheet pile wall sections adopted the principles of limit state analysis to determine wall 
displacements and bending moments to satisfy utilisation and deflection criteria using the software WALLAP 
[Ref 12]. Design was in accordance with Eurocode 7 [Ref 6], Design Approach 1 combination 1 and 
combination 2 adopting the partial factor method with a requirement to achieve a maximum reported 
utilisation of <100% and with the requirement to satisfy serviceability limit state criteria (SLS). In areas where 
there is increased uncertainty with regard to the ground model a reduced utilisation of <90% has been 
adopted. 

The following considerations and criteria were adopted in the assessment: 

 
• Toe in depth to provide passive resistance against rigid wall rotation failure and overall global stability. 
• Structural capacity of the wall which will determine the wall type and dimensions; 
• Unplanned excavation of 0.5m for walls located at the toe of cuttings.  For walls located mid-slope no 

allowance has been made for unplanned excavation; 
• No deflection greater than 50mm based on values used on other SMP schemes provided by 

Geotechnical SES (PTS);  
• Combined moment of inertia = 12870cm4/m, 42370cm4/m, 72322cm4/m (depending on selected section 

type); 
• Section modulus = 830cm3/m, 2020cm3/m, 3200cm3/m (depending on selected section type); 
• Steel grade = S355GP; 
• Class 6N granular fill is proposed as backfill to retaining walls 

The corrosion rate has been taken from BS EN 1993-5 2007:  Eurocode 3 Design of Steel Structures - Part 5 
Piling [Ref 13] and for a 120 year design has been assumed to be 1.5mm per side. All sections used in 
design were deemed to have sufficient sacrificial thickness for a 120 year design life. 

King Sheet Pile Walls (KSP) 
The design of King Sheet pile walls adopted the principles of limit state analysis to determine wall deflections 
and bending moments to satisfy utilisation using the software WALLAP [Ref 12]. Design was in accordance 
to Eurocode 7 [Ref 6], Design Approach 1, combinations 1 and 2 adopting the partial factor method with a 
requirement to achieve a maximum reported utilisation of <100% and with the requirement to satisfy 
serviceability limit state criteria (SLS). In areas where there is increased uncertainty with regard to the 
ground model a reduced utilisation of <90% has been adopted. 

King Sheet Piles design methodology was based on that of a Traditional King Post Wall design, where pair 
of sheet piles is driven to achieve full depth (King Piles) with a pair of intermediate piles in between two King 
Piles, which are not driven to full depth. 

The following considerations were made following King Sheet Pile Design: 

• Use of a pair of 700mm Z pile sections (U piles cannot be used for KSP design); 
• Pair of 770mm intermediate Z pile sections; 
• Soldier Pile Width = 1400mm; 
• Soldier Pile Spacing Centre to Centre = 2940mm; 
• As per the KSP Technical guidance, the moment of inertia of the King Pile per metre run is divided by 

2.1, as it is assumed the intermediates have no moment / stiffness capacity for design [Ref 32]. 
• Grade of steel for King Piles is S390GP; 
• Grade of steel for intermediate piles is S270GP. 
• Unplanned excavation of 0.5m for walls located at the toe of cuttings.  For walls located mid-slope no 

allowance has been made for unplanned excavation. 
• Toe in depth to provide passive resistance against rigid wall rotation failure and overall global 

stability; 
• Structural capacity of the wall which will determine the wall type and dimensions; 
• Class 6N granular fill is proposed as backfill to retaining walls.  
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Due to KSP design being relatively new additional analysis was completed using a traditional king post wall 
design methodology, where the moment of inertia of the double Z section, is divided by the centre to centre 
spacing between the King Sheet Piles. This analysis was used a verification check on the King Sheet Pile 
design described earlier and yielded similar results. 

The corrosion rate has been taken from BS EN 1993-5 2007:  Eurocode 3 Design of Steel Structures - Part 5 
Piling [Ref 13] and for a 120 year design has been assumed to be 1.5mm per side. All sections used in 
design were deemed to have sufficient sacrificial thickness for a 120 year design life. 

3.2.3. Gravity Retaining Walls 
Gravity retaining walls were designed using limit state analysis in accordance with BE EN 1997:2004 [Ref 6], 
BS 8002 – Code of practice of earth retaining structures [Ref 33] ensuring ULS (Overturning, Sliding, 
Bearing and Global Stability) and SLS limits are not exceeded.   Details of proposed gabion gravity retaining 
walls are given in the Series 600 Specification, Rev P04 and the Strengthened Earthwork Appraisal Form 
(SEAF); which are included as Appendix D and F respectively. 

3.3.  Foundations 

3.3.1. Minor Structures  
Foundations have been designed for the following minor structures: 

• CCTV camera masts 
• Radar poles 
• EAV masts 
• Large Traffic Signs 
• ROTTMs 
• Environmental Barriers 

Foundation options considered were: 
• Planted foundations; 
• Pad foundations; 
• Piled Foundations. 

3.3.2. Gantries  
Five different types of gantries are proposed for the scheme; these are MS3 cantilever, MS4 cantilever, ADS 
cantilever, super cantilever and superspan portal. Figures 3-1 to 3-5 below show typical photographs of 
these gantry types: 
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Pile group foundations have been adopted for gantry locations. 

Group pile foundations options were as follows: 

• Four piles, 2x2 configuration, 750mm diameter, pile cap 4mx4m and 1.8m height; 
• Four piles, 2x2 configuration, 900mm diameter, pile cap 4.5mx4.5m and 1.8m height; and 
• Three piles, 1x3 configuration, 900mm diameter, pile cap 2mx7m and 1.8m height. 

All piles were assumed to be bored and the design methodology was in accordance with Eurocode 7 [Ref 5] 
and NA+A1:2014 to BS EN 1997-1:2004+A1:2013 [Ref 7]. 

The ground models adopted for detailed design of foundations at each major structure are included in the 
Geotechnical Summary Sheets included as Appendix A of this GDR. Ground models were based on the 
generalised ground model in the AMAR GIR, [Ref 1] and made location specific by assessing localised 
ground conditions recorded in historical GI data. 

3.4. Design Standards and Partial Factors  
The design of planted foundations was carried out in accordance with BD94/07 Design of minor structures 
[Ref 14]. Planted foundations are only proposed for traffic signs and Radar masts not located adjacent to 
earthworks slopes in accordance with the recommendations of the standard.   

The geotechnical design of both pad and pile foundations is based on limit state design and was carried out 
in accordance with Eurocode 7 [Ref 6] and BS 8004:2015 – Code of practice for foundations [Ref 35] 
adopting the partial factor method for Design Approach 1, combinations 1 and 2, with a view of achieving a 
utilisation of <100%. 

The factoring of actions for each case was undertaken in accordance with NA+A1:2014 to BS EN 1997-
1:2004+A1:2013 [Ref 7] and NA to BS EN 1990:2002+A1:2005 [Ref 15] (for accidental loads), as shown 
below in Table 3-1: 

Table 3-1 – Partial Factors for Actions 

 

 
Partial factors for soil parameters were in accordance with NA+A1:2014 to BS EN 1997-1:2004+A1:2013 
[Ref 7], as shown in Table 3-2 below: 

Table 3-2 – Partial Factors for Materials 

 

Load or Action SLS ULS-C1 ULS-C2 
Permanent (G) Unfavourable (γG) 1.0 1.35 1.0 

Favourable (γG,fav) 1.0 1.0 1.0 
Variable (Q) Unfavourable ( γQ) 1.0 1.5 1.3 

Favourable  (γQ,fav) 1.0 0.0 0.0 
Accidental (A) Unfavourable  (γA) 1.0 1.0 1.0 

Favourable (γA,fav) 1.0 1.0 1.0 

Soil Parameter Set 
M1 M2 

Weight Density (γγ) 1.0 1.0 
Undrained Shear Strength (γcu) 1.0 1.4 
Cohesion (γc’) 1.0 1.25 
Angle of Shearing Resistance (γϕ) 1.0 1.25 
Unconfined Strength (γqu) 1.0 1.4 
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The partial factors for reactions were taken as per the recommendations in NA+A1:2014 to BS EN 1997-
1:2004+A1:2013 [Ref 7] for bored piles; these are presented in Table 3-3 below: 

Table 3-3 – Partial Resistance Factors for Bored Piles 

 

 

 

 

 

 

3.5. Loading 
Loading conditions and associated values for each major structure type were provided by the AMAR 
structural design team based on typical structure types and are included in Appendix G. 

Loading conditions and associated load values for each gantry type were provided by the gantry 
superstructure designer, Ramboll, and are included as Appendix G of this GDR. The loads provided at DF4 
were generalised forces and moments for typical gantry types. However during DF5 revised loadings were 
received from Ramboll which were significantly higher than the loads adopted at DF4 design.  This increase 
was due to a number of factors including: 

• Increased span length for portal structures; 
• Increased cantilever length; 
• Adoption of man access gantries 

3.5.1. Minor Structures 
Loading conditions and associated values for each minor structure type was provided the AMAR structural 
design team and is presented in the tables below: 

3.5.1.1. CCTV Loading 
 

Table 3-4 – CCTV Characteristic Loading 

Loading Type Load Unfactored Loads 
Fx (kN) Fz (kN) My (kNm) 

Permanent Dead Load (CCTV Mast) - 11 - 
Permanent Dead Load (CCTV 

Equipment) 
- 1.2 - 

Permanent Dead Load (Pile Cap) - 21.38 - 
Variable Wind 4.79 - 15.57 

 
  

Resistance Set 
R1 R4 without explicit 

verification of SLS 
R4 with explicit 
verification of SLS 

Base (γb) 1.0 2.0 1.7 
Shaft (compression) (γs) 1.0 1.6 1.4 
Total/combined (compression) (γt) 1.0 2.0 1.7 
Shaft in tension (γst) 1.0 2.0 1.7 
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3.5.1.2. ROTTM Loading 
 

Table 3-5 – ROTTM Characteristic Loading 

 

 

 

 

 

3.5.1.3. RADAR & EAV Loading 
 

Table 3-6 – RADAR & EAV Characteristic Loading 

 

 

3.5.1.4. Environmental Barrier Loading 

The loading on the environmental barrier foundations varied due to the different barrier heights and 
is presented in table 3-7. 

 
Table 3-7 – RADAR & EAV Characteristic Loading 

 
  

Loading Type Load Unfactored Loads 
Fx (kN) Fz (kN) Mx (kNm) 

Permanent Dead Load (ROTTM Post & 
Sign) - 3.66 - 

Variable Dead Load (CCTV 
Equipment) - - - 

Variable Wind (Longitudinal Wind 
Load) 8.19 - 29.86 

Variable Wind (Shear Force) 8.2 - - 

Loading Type Load Unfactored Loads 
Fx (kN) Fz (kN) My (kNm) 

Permanent Dead Load (Mast) - 1.79 - 
Permanent Dead Load (Equipment) - 0.12 - 

Variable Wind 1.67 - 9.90 

Height of 
panel (m) 

Post Weight 
(kN) 

(Permanent) 

Uniform Distributed load 
from Panels (kN/m2) 

(Permanent) 

Shear Force (kN) 
(Variable) 

Bending Moment 
(kNm) (Variable) 

2 0.382 4.768 28.61 33.75 
3 0.574 5.904 53.13 79.70 
4 1.421 7.698 92.37 184.75 
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3.5.1.5. Traffic Signs 
 

Table 3-8 – Large Traffic Signs Characteristic Loading 

 

Table 3-9 –Single Post Traffic Signs Characteristic Loading 

3.6. Geotechnical Design Methodology of Planted foundations 
Planted foundations have been adopted for Radar poles and traffic signs where ground conditions and 
topography allow.  The design of planted foundations has been carried out in accordance with BD94/07 
Design of Minor Structures [Ref 14]. Planted foundations have not been considered for structures such as 
CCTV or in situations where embankment stability considerations preclude their use in accordance with 
BD94. 

3.7. Geotechnical Design Methodology of Pad foundations 
Pad foundations have been proposed for minor structures where ground conditions, loading values and 
topography allow.  However where the use of a pad foundation would lead to a requirement for significant 
additional verge width and therefore require earthworks widening, piled foundations have been proposed. 

Pad foundations have been adopted as follows: 

• Single post traffic signs 2.0mx3.2mx1.5m 
• Multi post traffic signs; 2.6m wide and 2.0m deep with the length varying depending on the size of 

the sign face 
• ROTTM signs: 2.3mx2.0mx1.5m 

The design of the pad foundations adopted the principles of limit state analysis to determine the degree of 
utilisation when considering overturning, forward sliding and bearing failure using in-house spreadsheets to 
Eurocode 7 [Ref 6] with a view of achieving a utilisation <100% to ensure the design is adequate. 

Sign Face 
Area Group 

(m2) 

Sign Chosen 
for Analysis 

Sign Weight (kN) 
(Permanent) 

Shear Force (kN) 
(Variable) 

Bending Moment (kNm) 
(Variable) 

0-7 NB11 37.74 4.27 12.61 
7-11 SB96 51.48 16.12 65.48 
11-17 NB31 80.45 24.54 93.48 
35-39 

Embankment 
SB48 193.01 17.37 103.98 

35-39 Cutting TS3 178.49 46.26 227.04 
55-56 TS1 278.25 75.13 409.44 

Sign Face 
Area Group 

(m2) 

Sign Chosen 
for Analysis 

Sign Weight (kN) 
(Permanent) 

Shear Force (kN) 
(Variable) 

Bending Moment (kNm) 
(Variable) 

0-1 SB64 4.20 1.10 2.79 
1-3 SBS08 12.73 3.88 10.46 
6-9 NB01 41.55 12.86 47.40 
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3.8. Geotechnical Design Methodology of Piled Foundations 
3.8.1. Single Piles 
Single bored piles of either 450mm diameter or 750mm diameter have been adopted for CCTV masts, 
Environmental Barriers (single pile beneath each post), Radar poles, EAV masts and for two post traffic 
signs (single pile beneath each post). 

Generally, the design methodology for single piles was as follows: 

1. Pile lengths and axial capacity of the pile were calculated using the in-house single pile capacity 
spreadsheet based upon the maximum axial loads on a single pile for all three cases; 

2. Numerical modelling of the single pile was then undertaking using WALLAP [Ref 12] to check the 
bending moments (lateral capacity) (Ultimate Limit State Combination 1 and 2) and deflections 
(Serviceability limit state); 

3. Iteration was carried out as appropriate following the Steps 1 and 2 above to determine a suitable design 
pile length; 

4. Calculated maximum pile moment outputs were provided to the Structural Engineers for design of 
structural reinforcement. 

The following considerations and criteria were adopted in the assessment: 

• Maximum deflection of 20mm for signs and Environmental barriers and of 10mm for CCTV masts, EAV 
masts and Radar poles as advised by AMAR Structures team; 

• Maximum bending moment of 261kNm for 450mm diameter bored piles and 1000kNm for 750mm bored 
piles. 

Following consultation with the delivery partner (Costain Galliford Try) the use of driven piles was not 
considered due to concerns over drivability and the potential impact on programme as pile driving would 
require night time working due to proximity of residential properties to sections of the scheme. 

Single Pile Analysis 
Axial pile capacity calculations were carried out using an in-house spreadsheet for static single pile capacity. 
The calculations determined the pile length to Eurocode 7 [Ref 6] and in accordance with the design 
philosophy described below: 

The total characteristic action on a pile included the applied load, self-weight and negative skin friction 
(where applicable). The design action was calculated by applying appropriate partial factors for actions (as 
stated in Table 3-1 of Section 3.3.3. of this GDR) to the characteristic actions. 

Total bearing resistance of a pile is the combination of Shaft Friction (SF) and End Bearing (EB). 

For fine-grained (cohesive) soils, a total stress approach was adopted: 

SF = α cu 
EB = Nc cu 

Where, ‘cu’ was the undrained shear strength of the soil, ‘α’ was the shaft adhesion factor and ‘NC’ was a 
bearing capacity factor after Berezantev (1961) [Ref 17]. 

For coarse-grained (granular) soils, an effective stress approach was adopted: 

SF = KS σ’V tanδ 
EB = Nq σv’ 

Where, ‘KS’ was the coefficient of horizontal soil stress, ‘σ’V’ was the effective vertical stress and ‘δ’ was the 
angle of friction between pile and soil. ‘Nq’ was calculated as a function of the angle of friction (ϕ’) of the 
stratum and the length to diameter ratio (L/D) of the pile (Berezantzev, 1961) [Ref 17]. 
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Design resistance was calculated by applying appropriate partial and model factors for resistance (as stated 
in Table 3-3 of Section 3.3.3. of this GDR) to the ultimate bearing resistance in accordance with Eurocode 7 
[Ref 6] guidelines. 

Design pile length was calculated based on the pile length at which the design resistance is equal to or 
greater than the design action. 

Lateral capacity of the piles is analysed in WALLAP, using the subgrade reaction model to determine the 
bending moment and displacement in the pile. WALLAP considers the failure mechanism of short rigid pile 
due to rotation and the long flexible pile due to bending.  

Based on the above, the length of the pile can be determined to satisfy the lateral capacity of the pile.  

3.8.2. Pile Groups 
Pile groups have been adopted for gantry foundations and for the foundations for large traffic signs and 
ROTTM signs located at the crest of embankments or on earthwork slopes.  

Generally, the pile group design methodology for pile groups was as follows: 

1. Based upon the gross loading and initial pile length, pile group analysis was carried out using PIGLET 
software [Ref 16] (see Section 3.8.2.1.) to determine the axial load, lateral load and moment distribution 
amongst piles for Serviceability Limit State (SLS), Ultimate Limit State-Combination 1 (ULS-C1 or STR) 
and Ultimate Limit State-Combination 1(ULS-C2 or GEO) cases; whereas, the lateral and vertical 
deflections are calculated for SLS case only.  

2. In-house single pile capacity spreadsheet (see section 3.5.1.1) was used to check the pile length based 
upon the maximum axial loads on a single pile for all cases as per the results of Step 1 above. 

3. Iteration was carried out as appropriate following the Steps 1 and 2 above to determine a suitable design 
pile length. 

4. Pile moment outputs were provided to the Structural Engineers for design of structural reinforcement. 

Pile Group Analysis 
Piles were sufficiently spaced (minimum 3x the pile diameter therefore interaction between piles is 
considered negligible) so that the axial bearing capacity of the pile group would be higher than the sum of 
the end bearing capacity of the total piles in the group. It can be shown that the capacity of the group was no 
less than that of individual piles as follows: 

Base area of single square pile = πR2 

Therefore, total base area of ‘N’ number of piles in a group = N(πR2) 

Base area of the block = LxB 

Here, R = Radius of circular pile, L = Length of pile block, B = Width of pile block 

Therefore, for a unit end bearing Q kN/m2 

End bearing capacity of N number of piles = QxN(πR2) kN 

End bearing capacity of the block = Qx(LxB) kN 

Pile group analyses using PIGLET software [Ref 16] was undertaken to determine the axial load, lateral load 
and moment distribution in piles along with the lateral and vertical deflections of pile heads. 

The computer programme, PIGLET [Ref 16], analyses the load deformation response of pile groups under 
loading conditions. The program was based on a number of approximate solutions for the response of single 
piles to axial, torsional and lateral loading, with allowance made for the effects of interaction between piles in 
the group. 
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In the PIGLET models, piles were assumed to deform elastically. The soil was modelled as a material whose 
stiffness varies linearly with depth; as such a suitable average stiffness increasing with depth for the strata 
penetrated by the piles was taken. In addition, for end-bearing, a soil of increased stiffness was specified 
below the level of the pile bases. The stiffness was characterised by a shear modulus (G) and Poisson's ratio 
(ν). The shear modulus is related to the Young's modulus (E) as: 

G = E/(2*(1+ν)) 

The soil was effectively considered in two layers – above and below the pile base. The upper layer, above 
the pile base, was considered to deform solely by the shear stresses acting down the pile shaft; whereas, the 
lower layer was deformed by the load transmitted to the pile base. In the analysis, the pile group was 
assumed to be capped by a rigid pile cap. 

The following was assumed in the analysis: 

• The pile was given an axial and lateral Young’s Modulus (E’) of 25MN/m2 for both the free-standing 
and embedded lengths; 

• Pile cap was modelled as being rigid; 
• Loads provided at the time of writing were treated as a point load in the middle of the pile cap; 
• A free-standing length of 0.5m was modelled within the embankment fill material (no stiffness 

provided). 

3.9. Aggressive Environment for Buried Concrete 
There were few occasions where suitable local chemical testing was available to inform Design Sulphate and 
Aggressive Chemical Environment Concrete classifications at major structure locations. Where local test 
data was available (i.e. ≤10m from proposed gantry foundations), these were considered in the relevant 
Geotechnical Summary Sheets included as Appendix A of this GDR. Where sufficient local chemical test 
data was absent, ‘Just in Time’ validation GI will be required to determine concrete classification for relevant 
gantry locations. Concrete classification will be in accordance with BRE Special Digest 1 (2005) [Ref 5]. 
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4. Strengthened Earthworks 
4.1. General 
Refer to Strengthened Earthworks Appraisal Form included in Appendix  F. 
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5. Drainage 
5.1. General 
The drainage strategy for the scheme was developed in accordance with the requirements of IAN 161/15 – 
Smart Motorways [Ref 23] and the Design Manual for Roads and Bridges (Volume 4, Section 2) [Ref 24]. 
The Drainage Strategy Report, Rev P02 by AMAR (2016) [Ref 25] sets out the general principles on which 
the design has been developed as well as highlighting specific assumptions and risks. 

The scheme will have a significant impact on the existing pipe network in some areas and very little impact in 
others. Cross-carriageway drainage will be retained and re-used wherever possible to minimise the 
requirement to construct new drainage, subject to them being in acceptable condition. The drainage strategy 
is to replace those drainage pipes that were identified in the survey as having Grade 4 or Grade 5 defects, 
but this is to be confirmed. Grade 4 defects are identified as assets which have either ‘major defects’ or their 
‘performance severely reduced’. Grade 5 defects are identified as assets which are either ‘not fit for purpose 
or unsafe’ or that are ‘blocked or in unsafe condition’. 

The proposed drainage design will interface with existing earthworks drainage, which predominantly takes 
the form of an interceptor ditch at the toe of the earthworks. The ditches themselves will be retained and in 
some locations diverted where it is proposed to widen existing earthworks. It is also proposed to clear the 
existing ditches of any debris and remove any overgrown vegetation as part of the site clearance works, 
which will ensure that the ditches are returned to their original capacity. In the existing situation there are 
numerous outfalls from the mainline drainage system on the M1 which discharge directly into these ditches. 
These outfalls are to be retained as part of the proposed drainage design and the existing headwalls 
retained also. Where the existing outfalls have been identified as having Grade 4 or defects, these will be 
replaced on a like-for-like basis, Once the scope of outfall design is known (i.e. during Construction), slope 
stability analysis will be undertaken to assess existing earthworks in the temporary and permanent condition 
and measures as deemed necessary will be proposed to ensure there is no reduction in the stability of the 
existing earthworks whilst drainage repairs are undertaken. 

No slope drainage has been identified in the drainage survey information received, however, should any be 
encountered on site these will be retained or re-instated as necessary. 

General groundwater conditions based on historical groundwater data for the scheme extents was presented 
in the AMAR GIR [Ref 1]. Groundwater conditions at each major structure or widening location are presented 
in the Geotechnical Summary Sheets included as Appendix A of this GDR. In general, groundwater is 
assumed to be at flood level or 1m below toe of slope for embankments (whichever is most conservative), 
and for cuttings it is assumed to be at 1m below ground surface level unless local groundwater data 
suggests otherwise. In some locations the flood levels have defined the verge widening solution to avoid 
construction into the floodplain. Groundwater conditions for geotechnical design were outlined in Sections 
2.2.2. and 2.3.2. of this GDR. 

Drainage has been specified behind retaining walls and at embankments and cuttings. Details of the type of 
drainage system specified and the location is presented in Specification Appendices Series 500 – Drainage 
and Service Ducts.  
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6. Pavement Design, Subgrade and 
Capping 

6.1. General 
The pavement foundations along the scheme extents are anticipated to experience the following changes: 

• Improvement of existing hard shoulder for use as full-time running lane; 
• New pavement constructed on imported fill where build-out of embankments is required;  
• Construction of new pavements on existing ground where locations are placed in areas of cuttings. 

6.2. Assessment 
The minimum CBR for pavement construction is 2.5%, in accordance with IAN 73/06 [Ref 26]; therefore a 
CBR <2.5% requires the ground to be improved (or replaced) so that the minimum 2.5% CBR is achieved 
prior to placement of capping or sub-base. Given the anticipated ground conditions for the site, it is 
anticipated that the CBR for pavement construction will be sufficiently in excess of 2.5%, however locations 
where a CBR of 2.5% is not achieved, additional capping may be required. 
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7. Assessment of Potential 
Contamination 

7.1. General 
This section presents details of risk assessment sources, pathways and receptors with regards to 
contamination that may be present during the proposed work. Existing chemical data will be reviewed, and 
the risk posed by this to human health during works is assessed. Additionally, material deemed unsuitable 
for re-use will be assessed where available for appropriate disposal routes.  

Details of dealing with unacceptable material or suspected unacceptable material are included in 
Specification Series 600 Appendices 6/2, 6/14 and 6/15, included in Appendix D of this GDR. 

A number of historical disused landfills are located adjacent to and within the scheme extents in this area, as 
identified in the AMAR GIR, Rev P01 [Ref 1]. Some excavation works are proposed within the highway 
boundary in this area for the purpose of verge widening in cutting and for drainage and/or other works. While 
it is considered unlikely that significant contamination will be encountered, the extents of the former landfill 
areas have been identified within Geotechnical Hazard Plans (included in the AMAR GIR, Rev P01 [Ref 1]) 
and instructions given to undertake additional contamination testing if suspected contaminated material is 
encountered. Additional detail for discovery of unexpected contamination is provided with section 7.7. of this 
GDR. 

Given the nature of the site and likely heterogeneity of the Made Ground that has been deposited there is 
potential for localised contamination to be encountered during excavation works. This is likely resulting from 
historical spills or more general contamination of topsoil due to exhaust emissions or de-icing salts. For this 
reason, and for material classification purposes, contamination testing of all excavated materials is included 
in the Specification, with a requirement to undertake further investigation in locations where there is any 
indication that material may be contaminated. 

7.2. Sources of information on contamination testing 
All available historical ground reports were reviewed to identify existing information on contamination and a 
summary of the available information is shown below. The sources of information used are listed within this 
section. 

7.2.1. Existing geo-environmental data 
The available data in AGS format was interrogated. A total of 4 No. solid, 4 No. water and 4 No. leachate 
samples were available and considered suitable for analysis by this study.  

Table 7-1 – Relevant geo-environmental samples taken to date 

Sample Location Solid Water Leachate 

TP1063 South of Junction 23A; Ch181635    

CP1096 North of Junction 24A; Ch187290    

TP1095 North of Junction 24A; Ch187775    

CP1097 North of Junction 24A; Ch188015    

CP1103 Between Junction 24A and 25; Ch189499    
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Sample Location Solid Water Leachate 
RC1112 Between Junction 24A and 25; Ch191678    

 
Water samples were tested for the inorganic analytes including heavy metals and sulphate. Additionally, 
organic analytes including PAHs, TPH and BTEX were tested.  

Soil samples were tested for a range of analytes including those shown in Table 7-2. 

Table 7-2 – Soil chemical testing 

 

 

 

 

7.3. Human Health Assessment of available data 
Due to the low number of soil data available (4 No.) for analytes pertinent to human health across a large 
area, this does not constitute a full human health risk assessment for the scheme extents.  

The results of the four soil samples tested were compared against commonly used screening 
values/assessment criteria detailed in Limiting Values for Harm to Human Health and the Environment 
detailed in Appendix 6/15 of the Series 600 Specification, included in Appendix D of this GDR. The generic 
assessment criteria (GACs) chosen were Environment Agency (EA)/Defra Category 4 Screening Levels 
(C4SLs) and LQM/CIEH Suitable 4 Use Levels (S4ULs) where C4SLs were unavailable [Ref 26 & 27]. 

Of the available testing results no GACs for commercial/industrial usage were exceeded. It is therefore 
possible to say that of the samples tested there is unlikely to be a possibility of significant harm to human 
health or the wider environment. However this testing is extremely limited and is unlikely to be representative 
of the site entirely. As such recommendations are given within the following sections for personal protective 
equipment and sections for unexpected contamination discovery. 

Additional samples and associated analysis must be completed to confirm these conditions. It is highly likely 
additional currently undetected contamination exists between the limited locations with available chemical 
testing results. It is recommended that additional testing be undertaken as part of the ‘Just in Time’ validation 
GI. 

7.4. Controlled waters 
A preliminary generic quantitative risk assessment (Tier 2) of groundwater data was undertaken in 
accordance with the GP3 methodology [Ref 28]. The assessment criteria are contained within Limiting 
Values for Harm to Human Health and the Environment detailed in Appendix 6/15, included in Series 600 
Specification in Appendix D of this GDR. Analysis was undertaken on 4 No. samples: CP1096, CP1097, 
CP1103 and RC1112. 

Borehole ref Analyte tested 
Inorganics 
Inc. heavy 

metals 

Phenols BTEX CWGTPH PCBs Asbestos 

TP1063       

CP1096       

TP1095       

CP1097       
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Several analytes are assumed to have detection limits above the generic assessment criteria including total 
cyanide, benzo(ghi)perylene and indeno(1,2,3)pyrene. Minor exceedances of PAHs benzo(b,k)fluoranthene, 
benzo(ghi)perylene and indeno(1,2,3)pyrene were recorded in CP1103. Ammoniacal nitrogen showed 
exceedances in CP1097 and CP1103. Several metals showed slight exceedances in several samples 
including cadmium, boron, copper, lead, nickel, selenium and zinc.  

As several analytes were measured above assessment criteria, this poses a potential risk to the receptor (in 
this case the groundwater, controlled waters). However as only 4 No. samples were assessed over the 
length of the site this does not constitute a full assessment. This number of samples gives a limited 
assessment, and it can be considered likely that the results are not representative of the entire site.   

7.5. PPE Recommendations 
A full human health risk assessment has not been undertaken for the full extents of the scheme. Several 
potential sources of contamination have been identified, although sufficient GI and chemical testing has not 
been undertaken to assess the locations, nature and extents of these. 

Site operatives should be advised that the site has the potential to be contaminated. It is recommended that 
standard Personal Protective Equipment (PPE) is used and site health and safety best practise is followed. 
Additionally, eye protection, safety gloves and nitrile gloves should be used when handling soil samples. 
Washing and cleaning facilities should be located onsite and available to staff during the site investigation. 
These should be used if direct dermal contact is made with the soil. Should olfactory, visual, or gross 
contamination be encountered on site it should be deemed as contaminated and a Geo-Environmental 
Specialist should be consulted. The use of these measures will mitigate the potential risk posed by potential 
contamination to the primary receptors. 

Site operatives should be made aware that asbestos may be present in motorway structures, Made Ground 
and excavated material removed from exploratory holes, and should be put on a asbestos awareness course 
prior to the GI work. If asbestos is detected works should cease and a Geo-Environmental Engineer or 
Asbestos Specialist should be consulted. 

7.6. Waste Hazard Classification and waste acceptance criteria  
This waste categorisation exercise was undertaken under the assumption that offsite disposal will occur. If 
possible it is preferable that the proposed construction is designed to minimise volumes of waste, or that 
material can be re-used in preference to landfill disposal. To determine the likely waste class of excavated 
soils a waste categorisation exercise was undertaken on the limited data.  

Soil quality data from the available investigation data was entered into a hazard assessment tool, 
HazWasteOnline. The tool uses the current EA WM3 [Ref 29] guidance to determine whether the substances 
contained in the soils tested exceed any risk phrases that would render the materials as ‘hazardous’ waste.  

The tool includes a number of options for using the different valences (chemical species) or compounds that 
may be present, e.g. whether the chromium found is chromium III or the less common but more toxic 
chromium VI. Where options were available these were set at the default (worst case assessment) for the 
model in accordance with the guidance set out in WM3. 

The results of hazard assessment show that of the four samples entered into the tool, each were classified 
as non-hazardous wastes. The full hazard classification report can be viewed within Appendix K of this GDR. 

The samples tested were TP1063, CP1096, TP1095 and CP1097. Each of the 4 No. samples were deemed 
to be non-hazardous and will likely have a EWC (European Waste Catalogue) code of 17 05 04 (Soil and 
stones other than those mentioned in 17 05 03). The four samples were tested for inert WAC tests, and did 
not exceed any of the inert landfill criteria.  

The testing on a limited total of 4 No. viable samples does not constitute a full assessment for the scheme 
length. There is the potential for Made Ground and arisings from exploratory holes to contain hazardous 
material. As such additional testing of materials destined for offsite disposal is necessary. This includes 
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assessment of total soils for waste hazard classification and waste acceptance criteria testing to confirm the 
correct disposal route and to provide required supporting documentation.  

The criteria for unacceptable material or suspected unacceptable material are included in Specification 
Series 600 Appendices 6/2, 6/14 and 6/15, included in Appendix D of this GDR 

7.7. Recommendations on further testing  
It is recommended that total solids testing is undertaken to allow waste hazard classification of materials 
prior to construction. A suite of determinants is also recommended to be undertaken prior to construction to 
assess risk to human health for construction workers and longer term end users (maintenance crews) if 
necessary.  

It is recommended that the exploratory holes are located within the areas of the most significant sources of 
contamination identified as part of the ‘Just in Time’ validation GI.  In particular, within these areas the 
exploratory holes should be placed near to gantry’s and message boards where considerable construction 
and future maintenance work is to be undertaken. Key areas identified are: 

• Lockington Quarry and Hemington Gravel Pits, Ch186600-188300; 
• Church Wilne Water Treatment Works landfill, Ch189500-189900; 
• The reinstated landfills South of Junction 25, Ch191400-192000. 

The proposed boreholes for geotechnical investigation can be used to obtain geo-environmental samples. 
The recommended sampling strategy and placement is contained within: Addendum to Specification 
Appendix 1/5 – Validation GI Specification, included as Appendix B to this GDR. 

The following structures and areas should be assessed prior to construction. 

Asset SMP 
Reference Chainage Carriageway NEW/ 

REMAINING 

Environmental 
Contamination 

Data taken Within 
100m 

Environmental 
Contamination 

Sampling 
required 

Gantry 101 181950 NB NEW No No 
Gantry 112 185180 SB NEW No No 
Gantry 202 186240 NB NEW No No 
Gantry 202 186240 SB NEW No No 
Gantry 203 186400 SB NEW No No 
Gantry 204 186526 NB NEW No Yes 
Gantry 301 186847 NB NEW No Yes 
Gantry 301 186847 SB NEW No Yes 
Gantry 302 187073 SB NEW No Yes 
Gantry 326 187300 SB NEW Yes Yes 
Gantry 303 187608 SB NEW No Yes 
Gantry 304 187650 NB NEW No Yes 
Gantry 305 187818 SB NEW Yes Yes 
Gantry 307 188529 NB NEW No No 
Gantry 308 188760 SB NEW No No 
Gantry 309 188947 SB NEW No No 
Gantry 310 189160 SB NEW No No 
Gantry 311 189780 NB NEW No Yes 
Gantry 311 189780 SB NEW No Yes 
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Asset SMP 
Reference Chainage Carriageway NEW/ 

REMAINING 

Environmental 
Contamination 

Data taken Within 
100m 

Environmental 
Contamination 

Sampling 
required 

Gantry 313 190771 NB NEW No No 
Gantry 314 191096 NB NEW No No 
Gantry 315 191296 NB NEW No No 
Gantry 316 191430 SB NEW No Yes 
Gantry 318 191801 NB NEW No Yes 
Gantry 319 192101 NB NEW No No 
Gantry 320 192290 SB NEW No No 
Gantry 321 192476 NB NEW No No 
Gantry 322 192906 NB NEW No No 
Gantry 323 193300 SB NEW No No 
Gantry 324 193331 NB NEW No No 

ERA E1-A1 185195-
185305 NB NEW No No 

ERA E2-A1 186645-
186755 NB NEW No Yes 

ERA E3-B1 188425-
188525 SB NEW No No 

ERA E3-A1 188765-
188865 NB NEW No No 

ERA E3-B2 190465-
190565 SB NEW No No 

ERA E3-A2 190800-
190900 NB NEW No No 

ERA E3-B3 191845-
191955 SB NEW No Yes 

 
Contamination testing should be undertaken and compared against U1B threshold values contained within 
the Specification Series 600 Appendices 6/2, 6/14 and 6/15, included in Appendix D of this GDR. 

7.8. Discovery Strategy for Unexpected Contamination 
 

The following procedure should be adopted at the construction phase to address the discovery of olfactory or 
visual evidence of contaminated ground: 

1. Visual monitoring of excavation works should be undertaken by the Contractor under the guidance of 
an Environmental Specialist and Asbestos Specialist to check for unexpected or unusual materials 
with a contaminative potential. Such material could consist of buried drums, tanks or containers, soil, 
groundwater or liquids with an unusual colour or odour, or other evidence of contamination.  

2. Halt work in affected area and consult an Environmental Specialist if such material is encountered - 
work in that area will be stopped until the material has been properly identified and suitable 
precautions taken.  

3. Have the suspect material tested and characterised - where safe and reasonable to do so, any 
suspected contaminated material should be left in-situ and subjected to testing by an Environmental 
Specialist.  
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4. Assess options for dealing with the observed contamination - on the basis of the test results, the 
contamination must be appropriately dealt with in one of the following ways, in sequence: 

i. Additional risk assessment by an Environmental Specialist to determine whether the material 
poses any risk, and if it may be suitable for an alternative use on-site; 

ii. On-site treatment, subject to degree of contamination, available facilities, licences and 
space. Re-testing would be necessary before suitability for re-use could be confirmed; 

iii. The material may need to be removed for disposal or recycling off-site. This should be 
considered a last resort. 

Regardless of which route above is taken, at the earliest stage the overseeing body should determine 
whether the Local Planning Authority must be consulted, and all decision making and actions must be 
recorded in the site file. 
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8. Ground Treatment 
8.1. General 
No ground treatment is proposed. 
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9. Specification Appendices 
9.1. General 
Specification appendices for Series 600 and 1600 are included as Appendix L and M to this GDR 
respectively. The specification for the ‘Just in Time’ validation GI is presented as Appendix B of this GDR. 

The general scheme assumptions are as detailed below: 

• Earthworks have been assessed to limit impact on flood plain; 
• Earthworks have been assessed to limit impact on 'Red' environmental slopes; 
• Earthworks widening and transitions for culverts to be refined during site mobilisation and verification 

surveys; 
• In some locations fill is shown in cuttings to reduce verge width; this has been assumed to be not 

required; 
• Cross sections and earthworks widening solutions and transitions in vicinity of bridge / underpass 

locations will need to be refined during site mobilisation and verification surveys; 
• Geotechnical design has been undertaken based on historical GI data. Scheme specific ‘Just in 

Time’ validation GI will be required in some locations; 

The appendices used are as follows: 

• Appendix 1/5: Testing to be Carried Out by the Contractor; 
• Appendix 6/1: Requirements for Acceptability and Testing etc. of Earthworks Materials; 
• Appendix 6/2: (11/04) Requirements for Dealing with Clause U1B and Class U2 Unacceptable 

Materials; 
• Appendix 6/3: Requirements for Excavation, Deposition, Compaction (Other than Dynamic 

Compaction); 
• Appendix 6/5: Geotextiles Used to Separate Earthworks Materials; 
• Appendix 6/6: Fill to structures and fill above structural Foundations; 
• Appendix 6/7: Sub- formation and Capping and Preparation and Surface Treatment of Formation; 
• Appendix 6/8: (05/01) Topsoiling; 
• Appendix 6/9: Earthwork Environmental Bunds, Landscape Areas, Strengthened Embankments; 
• Appendix 6/10 Ground Anchorages, Crib Walling and Gabions; 
• Appendix 6/12: Instrumentation and monitoring; 
• Appendix 6/14: (11/04) Limiting Values for Pollution of Controlled Waters; 
• Appendix 6/15: (11/04) Limiting Values for Harm to Human Health and the Environment; 
• Appendix 16/1: General Requirements for Piling and Embedded Retaining Walls; 
• Appendix 16/3: Bored Cast-In-Place Piles; 
• Appendix 16/8: Non-Destructive Methods for Testing Piles; 
• Appendix 16/9: Static Load Testing of Piles; 
• Appendix 16/15: Steel Sheet Piles; 
• Appendix 16/18: Support Fluid. 

 

 



Smart Motorways Programme M1 J23a to 25 
Geotechnical Design Report, Rev P02 
 

 

  

 

 Document Reference HA549342-AMAR-HGT-SWI-RP-CE-000003 I Rev P02 39 
 

10. Instrumentation and Monitoring 
10.1. Proposed Instrumentation and Monitoring 
None. 

10.2. Instrumentation and Monitoring Methods 
None. 

10.3. Pile Testing 
For pile testing details refer to the Specification appendix for Series 1600 included as Appendix E to this 
GDR. 

10.4. ‘Just in Time’ Validation Ground Investigation 

10.4.1. General 
A ‘Just in Time’ validation GI has been specified to verify the ground conditions and validate the proposed 
design solutions, where required, prior to construction due to current design being based on non-scheme 
specific GI data. 

Any major change in design on the basis of the validation GI shall be incorporated in a revision of this GDR. 
Any minor changes to design shall be recorded in the GFR. 

The specification for the ‘Just in Time’ validation GI is presented as Appendix B of this GDR. 

10.4.2. Supervision of works 
The ‘Just in Time’ validation GI, will be procured by the Principal Contractor as part of the construction works 
and will be supervised by suitably qualified Geotechnical Engineer(s)/Engineering Geologist(s) from AMAR. 

There will be a full time AMAR geotechnical presence on site during the construction to enable ongoing 
geotechnical design validation during the works.
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11. Geotechnical Risk Register 
A review of the geotechnical and environmental risks associated with the proposed works has been undertaken. The risks have been evaluated using a risk evaluation 
matrix as presented below in Table 11-1. Reference has been made to Part 3 of HD 41/15 ‘Maintenance of Highway Geotechnical Assets’ [Ref 31] as part of the risk 
assessment process. 

Table 11-1 – Risk Rating Criteria 

Likelihood (L) Severity (S) = Risk (R) 

% Likelihood    Likelihood 
Time, Cost, SHE, Reputation  1 2 3 4 5 

Almost Certain 5 Negligible Impact 1  

E.g. 
Programme, 
budget, 
commercial 
sensitivity, 
SHE risks and 
reputation 

Se
ve

rit
y 

5 5 10 15 20 25 
Probable 4 Client and Contract strained 2 4 4 8 12 16 20 
Possible 3 Client dissatisfaction and damage to 

relationships, reputation. Increased costs 
for the project and possible delay in 
completion of works. 

3 3 3 6 9 12 15 

Unlikely 2 Threat to future schemes and 
Client/business relationships, increased 
project costs and delays of works. 

4 2 2 4 6 8 10 

Negligible 1 Threat to contract credibility, Significant 
delays in program/construction works and 
increase in overall project costs. 

5 1 1 2 3 4 5 

Risk Ratings 

1 to 5  Green Risk is negligible or of otherwise low severity (green) and shall be set aside for further consideration. 
6 to 10  Amber Risk is unacceptable (red or amber) and shall be subject to further analysis and evaluation. 
12 to 25 Red Risk is unacceptable (red or amber) and shall be subject to further analysis and evaluation. 
 
The risk register, detailed below in Table 11-2, lists the anticipated geotechnical and environmental hazards associated with the works and the potential consequences 
of those hazards. The risk before control of the hazard has been assessed quantitatively as has the anticipated risk following the proposed response to each hazard. 
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Table 11-2 – Geotechnical Risk Register 

Ref Hazard Consequence Risk Design Control Measures Residual Risk 

L S R L S R 

A – Slopes and Earthworks 
A1 Existing steep slopes on or 

adjacent to scheme leading to 
slope failure. 

Instability, surface deformation, structural 
damage. 

3 4 12 Construction design includes 
specification and implementation of 
stabilisation methods where required. 

1 4 4 

A2  Gradient on site – insufficient 
land available for widening – 
retaining walls or earthworks 
required. 

Increased cost of scheme, impact on 
structure layout. 

5 4 20 Complete topographical survey at 
locations where required. Review 
structure locations and land required. 
Design of suitable retaining structures 
where space is limited. 

2 4 8 

A3 Slope instability instigated by 
temporary works and loading the 
crest of existing highway 
embankments. 

Damage to structures, highway, 
infrastructure and adjoining properties. 

3 4 12 Assess stability of all slopes likely to be 
affected by the works and design the 
structures accordingly. 

1 4 4 

A4 Incomplete / inaccurate 
topographical survey 
information. 

Use of inaccurate topographical survey 
data may lead to a redesign during 
construction phase, which will have a 
negative impact on the program, increase 
costs of the works as well as having 
significant impact on other disciplines. 

4 4 16 Complete Topographical Survey at 
locations where required for 
completeness of data. This will result in a 
more accurate design and less risk 
during the construction phase. 

2 4 8 

B – Foundations and Substructures (Major and Minor Structures) 
B1 Loose or compressible soils at 

shallow depth – unstable ground 
unsuitable for shallow 
foundations. 

Instability of excavations. Excessive 
settlements/bearing capacity failure.  
Requirement for deep foundations.  
Increased cost of scheme. 

3 4 12 Undertake ‘Just in time’ validation GI, in 
situ testing  at structure location if 
insufficient data currently available. 
Design appropriate foundation solutions 
for ground conditions present. 

3 1 3 
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Ref Hazard Consequence Risk Design Control Measures Residual Risk 

L S R L S R 

B2 Hard ground at shallow depth – 
difficulty in achieving adequate 
depth for foundation 
construction. 

Requirement for heavy duty machinery to 
excavate shallow bedrock to enable 
foundation construction. Potential change 
of piling method with delays in program.  
Potential requirement for re-design during 
construction. 

4 3 12 Undertake ‘Just in time’ validation GI and 
laboratory testing to determine ground 
conditions if insufficient data currently 
available. Design appropriate foundation 
solutions for ground conditions present. 

2 3 6 

B3 Adjacent Structures – works 
affecting existing foundations, 
services, off-site structures. 

Damage to existing foundations. Damage 
to services and endangering road users. 
Damage to adjacent structures. Increased 
cost of scheme. 

3 5 15 Locate all services prior to 
commencement of works. Design to 
avoid impact on existing foundations, 
services and adjacent structures. 

2 5 10 

B4 Aggressive ground chemistry – 
attack on buried concrete 
leading to reduced strength of 
foundations. 

Failure of foundations, damage to 
structures. Risk to road users. Increased 
cost to scheme to repair/replace. 

4 3 12 Undertake additional chemical testing in 
accordance with BRE-SD1 [Ref 5] during 
‘Just in Time’ validation GI.  Use 
appropriate concrete design in 
construction. 

2 3 6 

B5 Orientations of 
discontinuities/joints/faults etc. in 
bedrock not favourable to 
shallow foundation design and 
temporary works slopes. 

Stability of temporary works compromised. 
Founding stratum failure or deformation in 
excess of structure serviceability limits 
resulting in structure/infrastructure 
damage. Disruption to construction owing 
to unforeseen ground conditions. Delays 
to programme and increased costs. 

3 4 12 A site specific ‘Just in Time’ validation GI 
will be undertaken to determine bedrock 
description. 

2 4 8 

C – Pavement Construction 
C1 Soft and compressible near 

surface soil – low CBR due to 
soft formation. Settlement of 
buried services infrastructure. 

Pavement deformation. Damage to 
services. Increased cost to repair. 

3 3 9 Design pavement accordingly. Consider 
alternative solutions/routes for services. 

2 3 6 

C2 Hard ground at shallow depth – 
difficulty in excavation of service 
trenches. 

Requirement for heavy duty machinery to 
excavate service trenches. Increase cost 
to scheme. 

3 3 9 Consider contingency solution/alternative 
routes for services where this is thought 
likely. 

2 3 6 
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Ref Hazard Consequence Risk Design Control Measures Residual Risk 

L S R L S R 

C3 Frost susceptible soils resulting 
in frost heave. 

Pavement deformation / damage to buried 
services. 

3 2 6 Undertake design appropriate to ground 
conditions present. 

2 2 4 

D – Drainage and Flooding 
D1 Shallow groundwater. Dewatering required during construction.  

Risks to foundations due to uplift. 
2 3 6 Conservative groundwater conditions 

assumptions where there is a lack of data 
present. 

1 3 3 

D2 Low ground and local 
watercourses resulting in 
localised flooding. 

Requirement for flood protection.  
Increased cost to development. 

3 4 12 Undertake appropriate design based on 
surface water conditions. Undertake 
slope design considering flood 
conditions. 

2 4 8 

D3 Motorway crosses major river or 
watercourse and/or aquifer. 

Pollution of major river or watercourse or 
aquifer during works. 

3 4 12 AMAR Landscape and Environment 
completed Environment Study Report. 
Pertinent watercourses identified and 
contingency measures to be specified by 
the Environment team.  

1 4 4 

D4 Reduction in floodplain area due 
to earthwork widening. 

Earthwork changes have the potential of 
affecting the hydraulic characteristics 
within the floodplain associated with the 
River Trent and its tributaries. Floodplain 
compensation may be required. Increased 
cost and programme for liaison with EA. 

4 4 16 Earthwork changes assessed in 
comparison to known flood levels and 
alternative solutions considered. Build-
out into flood plain unavoidable in certain 
areas. 

2 4 8 

D5 Locations within areas of high 
flooding risk. 

Flooding of sites affecting temporary 
works. Disruption to construction owing to 
flood events. Delays to programme and 
increased costs. 

4 3 12 Contractor to be aware of weather 
conditions and EA adverse weather 
warnings. Contractor to plan temporary 
works to avoid working in adverse 
weather conditions. Contractor to plan 
emergency procedures for flooding 
events. Residual risks for management 
by the contractor and site staff to be 
notified via Designer’s Risk Assessment. 

2 3 6 
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Ref Hazard Consequence Risk Design Control Measures Residual Risk 

L S R L S R 

D6 Proximity to surface water 
features (watercourses and 
water pools). 

Falls in the water, risk of 
drowning/injury/death to site workers. 

4 5 20 Contractor to design works area to 
restrict access of site staff to 
watercourses. Emergency procedures in 
place for falls in water. Residual risks for 
management by the contractor and site 
staff to be notified via Designer’s Risk 
Assessment. 
 

2 5 10 

E – Temporary Works/Construction Issues 
E1 Buried Services encountered 

during excavations. 
Health and safety risk – harm to 
workers/road users. Suspension of road 
signage. Increased cost to repair. 

3 5 15 Obtain all services plans for the route and 
ensure all services are identified and 
marked out prior to commencement of 
any intrusive site works. Inspection pits to 
be dug before commencement of any 
exploratory holes. 

2 5 10 

E2 Contaminated Ground. Health and safety risk to site workers/road 
users. Increased cost to dispose of 
material off site. Delay and increase in 
cost to development. 

3 4 12 Contaminated land risk assessment and 
waste acceptance assessment 
completed as part of this GDR. 

2 4 8 

E3 Environmental Barrier. Lack of available verge width for new 
barriers resulting in verge build-out and 
embankment widening. Cost and 
programme implications. 

3 4 12 Obtained required barrier locations at 
early stage and assessed requirements 
for embankment widening. 

2 4 8 

F – Cross Carriageway Ducts 
F1 Limited knowledge of ground 

conditions. 
Selection of inappropriate trenchless 
technique causing unacceptable 
settlement and/or heave and delays. 

3 3 9 Select appropriate technique and design 
based on the findings of the ‘Just in Time’ 
validation GI. AMAR to undertake design 
and provide separate GDR for this 
element. 

1 3 3 
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Ref Hazard Consequence Risk Design Control Measures Residual Risk 

L S R L S R 

F2 Possible drill deviation during 
drilling due to increasing 
stiffness of stratum. 

Selection of inappropriate trenchless 
technique causing possible delays in 
programme. 

3 3 9 Select appropriate technique and design 
based on the findings of the ‘Just in Time’ 
validation GI. 

2 3 6 

F3 Ground deformation resulting 
from installation. 

Unacceptable settlement trough develops 
in road pavement or heave occurs. 

3 4 12 Selection of appropriate technique and 
dimensions of the bore and duct. Allow 
cuttings to remain around the annulus. 
Consider bentonite flush if bore unstable. 
Use experienced operatives only. Install 
crossing deeper. Monitor road surface 
level before and after installation. 

2 4 8 

F4 ‘Frac-outs’ (blowouts of drilling 
mud – if used). 

Drilling mud disrupts the pavement and is 
a safety issue for road users. Damage to 
highways drainage assets from drilling 
mud ingress. 

2 3 6 Careful monitoring and control of drilling 
flush pressures. Observation during 
drilling. Use experienced operatives only. 

1 3 3 

G – Insufficient Geotechnical Data 
G1 Insufficient GI and/or laboratory 

testing for design. 
Stratigraphy and materials not as 
anticipated. Unforeseen ground 
conditions. Inappropriate design solutions. 
Re-design may be required with cost and 
programme implications. 

5 3 15 Plan to undertake ‘Just in time’ validation 
GI where required at specified locations. 
The results of the ‘Just in Time’ validation 
GI will be reviewed against this GDR and 
resources pre-allocated for any re-design 
needed. The Geotechnical Site Team is 
to be suitably qualified to manage risk on 
site. 

3 3 9 

G2 Delay in undertaking ‘Just in 
time’ validation GI. 

GI is required and design may need to be 
revised following its findings. GI to be 
undertaken as per the Validation GI 
Specification included as Appendix B of 
this GDR. Cost and programme delays 
due to delays in verification of design. 
 
 
 

3 4 12 ‘Just in Time’ validation GI will be 
undertaken before construction works. To 
prevent delays, comprehensive planning 
will be undertaken to ensure sufficient 
resources are available for the GI. 

2 4 8 
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Ref Hazard Consequence Risk Design Control Measures Residual Risk 

L S R L S R 

H – Construction Phase 
H1 Unknown/variable ground and 

groundwater conditions that may 
be worse than those assumed 
for design. 

Founding stratum failure or deformation in 
excess of structure serviceability limits 
resulting in structure/infrastructure 
damage. Disruption to construction owing 
to unforeseen ground conditions.  

4 4 16  ‘Just in Time’ validation GI to be 
undertaken.  Evaluation and confirmation 
of design, where necessary redesign. 

2 4 8 

H2 Services. Conflict with proposed new construction, 
damage during construction works, delays 
to construction and additional costs, risk of 
injury/death to construction personnel. 

5 5 25 Existing services have been identified. 
Inspection pits and slit trenches in high 
risk areas should be undertaken to locate 
and identify known services. 

1 5 5 

H3 Highway traffic. Injury/death to site workers/members of 
the public. 

5 5 25 Traffic management will be implemented 
during ‘Just in Time’ validation GI and 
construction. All site personnel to be 
briefed on the residual risks. 

2 5 10 

H4 Narrow verge width at the 
embankment crests. 

Difficult/restricted access for 
plant/machinery. Increased risk of 
slips/falls. Increased risk of damage to 
equipment and risk to human health. 

5 3 15 The potential for minor variations in 
locations to avoid areas of restricted 
access/working area. 

4 3 12 

H5 Driving sheet piles through very 
dense gravel and mudstone. 

Risk of damage to equipment and 
personnel during driving. High associated 
costs to rectify equipment if damaged. 

4 4 16 Contractor to assess ground through in-
situ test data from ‘Just In Time’ 
validation GI and determine/consider 
alternative method of installing sheet pile. 

4 3 12 

H6 Excavation of material Risk of injury to personal during 
excavation. Possibility of material being 
displaced into live carriageway, which can 
lead to injury to the users of the network. 

4 4 16 Contractor to assess area of excavation 
and use appropriate safety measures to 
ensure material is stored or placed away 
from the running lanes.  
Excavator operators to have a banksman 
to prevent the risk of injury to personnel 
on site. 

4 3 12 
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Ref Hazard Consequence Risk Design Control Measures Residual Risk 

L S R L S R 

H7 Encountering,  
disposal and handling of 
hazardous material 

Health and safety implications for site 
personnel. Additional handling and 
disposal costs, delays to the program.   

4 4 16 Contractor to ensure appropriate PPE 
worn at all times and site won material 
and hazardous materials to be stored 
separately on site to avoid mixture. 
Contractor to complete appropriate 
testing on material and appropriate 
disposal measures to be taken on site. 
Hazardous materials to be stored with 
clear signs present warning all site 
personnel of hazards. 

2 4 8 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document 
Reference 

HA549342-AMAR-HGT-188500-188500NB-GSS-000001 

Earthworks 
Widening Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 188500-188500 

Carriageway Northbound 

Marker Post 188/5A+00 – 188/5A+00 

National Grid 
Reference 

E 446628, N 330743  

Existing Ground 
Level at  Location 

Carriageway 38.69mAOD 

Toe of embankment  29.82mAOD 

Earthwork Type NB: N/A SB: Embankment  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: N/A SB:  HAGDMS designation  

Earthwork Height NB: N/A SB:  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 19° 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date 

Author 19/04/2017 

Checked 20/04/2017 

Reviewed 21/04/2017 

Approved 06/06/2017 

 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location.  
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 

Figure 1: Location Plan  
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Granular Wedge at Embankment Crest (1:2.0) 

 

Proposed Major Structures:   

N/A 

 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that location comprises and embankment with height of 
8.62m and slope angle of 19 degrees. 

The critical cross section is based on the section with the greatest earthwork height at chainage 
188500. 
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Figure 2 Topographic Critical Cross Section Chainage 188500 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: Hemington Member - Silt And Gravel 

Solid Deposits: Edwalton Member - Mudstone 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 2 no. 
relevant exploratory holes considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000031, Rev P01. 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 3: Borehole Location Plan 
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Flood Risk: 

The design flood level is 31.83mAOD. Baseline flood levels were provided by BWB Consulting 
and are detailed within the Environmental Study Report by AMAR: Document Ref HA549342-
AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1099  

 Borehole Chainage 188539  

 Borehole Location Northbound  

 National Grid 
Reference 

E 446611, N 330778  

 Ground Level at 
Exploratory Hole 

38.60mAOD  

 RAG Analysis Green  

 Date Drilled 24/10/2006-25/10/2006  

 Termination Depth 19.05 metres below ground level  

 

Other suitable holes  SK43SE9 
 

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 

Stratum 
Depth to Base (m 

bgl) 
Depth to Base (m 

AOD) 
SPT ‘N’ Value 

Range
3
 

Embankment Fill 9.19 29.50 17-32 (32) 

River Terrace 
Deposits 

16.69 22.00 38-83 (38) 

Mercia Mudstone – 
III/IV 

>16.69 <22.00 29>150 

(1) Ground level is assumed to be at carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets.  

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
CP1099 and SK43SE9. 

Groundwater: 

Groundwater was encountered in borehole SK43SE9 at 1.22mbgl (29.78mAOD) and rose to 
0.61mbgl (30.39mAOD). 
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Groundwater Design Level: 

No Local groundwater is available therefore design groundwater level of 31.83mAOD (Flood 
Risk Level) has been assumed within the embankment, with the piezometric line drawing down 
to ground level at the toe of the embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

3 No. Atterberg Limit Test and 3 No. Natural Moisture Content tests were undertaken within the 
Embankment Fill and Mercia Mudstone with the following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 4.0 9.0 25.0 12.0 13.0 CL 

Embankment Fill 7.7 6.0 25.0 12.0 13.0 CL 

Mercia Mudstone 18.4 15.0 29.0 20.0 9.0 CL 

 

 

Lab Test Data – BRE Classification: 

 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

River Terrace 
Deposits 

pH Water 2 7.50 - 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01.  

The below table outline the assumed anticipated ground model: 
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(MN/m

2
) 

Poisson’s Ratio 

B
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Eu E’ E Vu ν’ ν 

Embankment fill 0.00-9.19 38.69-29.50 9.19 21 27 0 85 6.90 5.52 - 0.50 0.20 - 
DS-2 

AC-2 

River Terrace Deposits 9.20-16.69 29.50-22.0 7.49 21 38 - - - 52.80 - - 0.25 - 
DS-3 

AC-2 

Mercia Mudstone – III/IV >16.69 <22.00 - 21 30 2 150 16.80 13.40 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) cu of Embankment Fill can be determined using SPT N values and the Stroud correlation; typical f1 value of 5.0 and SPT ‘N’ Value of 17 gives Cu of  

(4) ϕ' of Embankment Fill can be determined using Table 2 in BS8002:2015 using a typical PI of 13% gives 27°. 

(5) E’ of Embankment Fill can be determined using Bowles relationship Eu = 300 (N + 6) = 300 (17 + 6) = 6.9MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) Eu = 5.5MN/m

2
. 

(6) ϕ' of River Terrace Deposits can be determined using correlation with SPT (Peck 1974) N values (typical N value of 38) gives an angle of 38°. 

(7) E’ of River Terrace Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using typical N value of 38) gives a value of 52.80MN/m
2
. 

(8) cu of Mercia Mudstone – III/IV can be derived using the Stroud correlation. A characteristic PI of 14% was used to derive an f1 value of 5.0; combined with a conservative SPT N value of 23, this gives a cu of 115kN/m
2
. 

(9) Due to lack of reliable data available for Mercia Mudstone-III/IV, geotechnical parameters derived in the AMAR GIR have been adopted. 

(10) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

188500 188500 
Granular Wedge at 

Embankment Crest (1:2.0) 

3.0 26.6 (1V:2H) 
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FURTHER GROUND INVESTIGATION 
 
No further Ground Investigation has been proposed. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-188130-188190NB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 188130-188190 

Carriageway Northbound 

Marker Post MP188/1A+30 – MP188/1A+90 

National Grid 
Reference 

E 446747, N 330385 – E 446726, N 330451 

Existing Ground Level 
at  Location 

Carriageway 37.55-38.17mAOD 

Toe of embankment  31.01-30.27mAOD 

Earthwork Type NB: Embankment SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_24389 SB: N/A HAGDMS designation  

Earthwork Height NB: 7.5-7.9m SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 26° SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date 

Author 02/05/2017 

Checked 03/05/2017 

Reviewed 04/05/2017 

Approved 06/06/2017 

 

 
 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
location. Where no local data exists, generalised information for each stratum has been taken from 
the AMAR GIR. 
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DESK STUDY 

 
 
 
 
 

 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 188130-188190 – Granular Wedge at Embankment Crest (1:2.0) 

Proposed Major Structures:   

N/A  

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that the structure is located on 
an earthwork classified as an embankment with a height ranging between 7.5-7.9m and a 
typical slope angle of 26 degrees. 

The critical cross section at chainage 188170 is based on the section with the greatest 
earthwork height. 
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Figure 2 -  Topographic Critical Cross Section Chainage 188170 

Utilities:  

Western power low voltage supply meter connection running along the northbound verge. 

 

Figure 3 -  Utilities Location Plan 
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Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member - Silt And Gravel 

Solid Deposits: Edwalton Member - Mudstone 

Ground Investigation: 

There are 2 No. historical exploratory holes recorded within the design chainage, with an 
additional 4 no. relevant exploratory holes outside the design chainage considered as shown 
on Geological Long Section, Drawing No. HA549342-AMAR-HCT-SWI-DR-CE-000028, Rev 
P01. 

   

Figure 4: Borehole Location Plan 

Flood Risk: 

The design flood level is 31.58mAOD.  

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04. 

 

Historical Boreholes: 

Relevant Borehole 
Number 

SK43SE151 SK43SE138 SK43SE86 

Borehole Chainage 188120 188175 188250 
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Borehole Location Northbound Northbound Northbound 

National Grid Reference E 446730,           
N 330357 

E 446693,           
N 330428 

E 446682,         
N 330507 

Ground Level at 
Exploratory Hole 

31.00mAOD 30.60mAOD 31.10mAOD 

RAG Analysis Green Amber Green 

Date Drilled 10/09/1990 – 
11/09/1990 

09/08/1990 22/04/1988  

Termination Depth 11.25 meters 
below ground 
level (mbgl) 

2.30 metres below 
ground level 
(mbgl) 

8.60 metres 
below ground 
level (mbgl) 

Other suitable holes  CP1098, SK43SE145, SK43SE137 
 

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on the GI and driven LiDAR 
survey. 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Hand Vane 
Strength Range 

(kN/m
2
) 

Embankment Fill 7.92 30.5 15-41 (15) - 

Glaciofluvial 
Deposits (Coarse 

Grained) 
14.42 24.0 7-130 (37) - 

Mercia Mudstone – 
III/IV 

>14.42 <24.0 29->150 (29) - 

(1) Ground level is assumed to be at the carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
SK43SE151, SK43SE86 and CP1098. 

Groundwater: 

Groundwater was encountered in 4 No. Exploratory boreholes and are presented in the table 

below: 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

mbgl mAOD Time mbgl mAOD 

SK43SE137 
Glaciofluvial 

Deposits 
2.0 28.40 N/A N/A N/A 

SK43SE86 
Glaciofluvial 

Deposits 
2.0 29.10 - 1.55 29.55 

SK43SE151 
Mercia 

Mudstone 
8.50 22.50 - - - 

SK43SE138 
Glaciofluvial 

Deposits 
2.30 28.30 - - - 
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Groundwater Design Level: 

Limited groundwater data is available therefore a design groundwater level of 31.58mAOD 
(Flood Risk Level) has been assumed within the embankment, with the piezometric line 
drawing down to ground level at the toe of the embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

No geotechnical laboratory tests were undertaken within the historical exploratory boreholes. 

Lab Test Data – BRE Classification: 

No environmental laboratory tests were undertaken within the historical exploratory boreholes. 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002, Rev P01.  

The below table outline the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Validation Ground 
Investigation: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) cu of Embankment Fill can be determined using SPT N values and the Stroud correlation, using an average PI of 14%, f1 correlation factor is 6.4. Using an average SPT ‘N’ Value of 15, Cu is 96.0 kN/m
2
. 

(4) ϕ' of Embankment Fill can be determined using Table 2 in BS8002:2015 using a typical PI of 14% gives 27°. 

(5) E’ of Embankment Fill can be determined using Bowles relationship Eu = 300 (N + 6) = 300 (15 + 6) = 6.3MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) Eu = 5.5MN/m

2
. 

(6) ϕ' of Glaciofluvial Deposits can be determined using correlation with SPT (Peck 1974) N values (typical N value of 37) gives an angle of 37°. 

(7) E’ of River Terrace Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using typical N value of 37) gives a value of 51.6MN/m
2
. 
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) Poisson’s Ratio 

B
R

E
 C

la
s
s
if

ic
a
ti

o
n
 

Eu E’ E Vu ν’ ν 

Embankment Fill 
0.00 – 

7.92 

38.42 – 

30.50 7.92 21 27 0 96 6.3 5.0 - 0.5 0.20 - 
DS-2 

AC-2 

Glaciofluvial Deposits 

(Coarse Grained) 

7.92 – 

14.42 

30.50 – 

24.00 6.50 21 37 - - - 51.6 - - 0.25 - 
DS-3 

AC-3 

Mercia Mudstone – 

III/IV (>10mbgl) 
>14.42 <24.00 - 21 30 2 145 10.5 8.4 - 0.5 0.2 - 

DS-2 

AC-2  
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(8) cu of Mercia Mudstone – III/IV can be derived using the Stroud correlation. A f1 value of 5.0 is used based on CIRIA C570; combined with a conservative SPT N value of 29, this gives a cu of 145kN/m
2
. 

(9) ϕ' of Mercia Mudstone III/IV (>10mbgl) is based on values determined in the AMAR GIR due to limited local GI data. 

(10) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 29 gives Eu = 10.5MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) 

Eu =8.4MN/m
2
. 

(11) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR has been adopted. 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

188130 188190 
Granular Wedge at 

Embankment Crest (1:2.0) 
3.5 26.6 (1V:2H) 
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FURTHER GROUND INVESTIGATION 
 
Further geotechnical investigation is not required between chainage 188130 and 188190. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-182800-182890NB-GSS-000001 

Earthworks Widening 
Solution 

Gabion Wall, Plastic Sheet Pile Retaining Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 182800-182890 

Carriageway Northbound 

Marker Post MP182/8A – MP182/8A +90 

National Grid Reference E 447001 , N 325259 – E 447031 , N 325343 

Existing Ground Level at 
Location 

Crest  of cutting 80.8mAOD 

Carriageway 75.7mAOD 

Earthwork Type NB: Cutting SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_42111 SB: N/A HAGDMS designation   

Earthwork Height NB: 2.1-5.1m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 22o SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 01/04/2017 

Checked 12/04/2017 

Reviewed 25/04/2017 

Approved 02/05/2017 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. Where 
no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 
 
 
 
 

Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been proposed: 

 Ch182800-182880 (80m), Gabion Wall; 

 Ch182880-182890 (10m), Plastic Sheet Pile Wall; 

Proposed Major Structures:   

N/A 

 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the location has an earthwork classified as a cutting ranging in 
height between 2.1m and 5.1m with a typical slope angle of 22°.  

The critical cross sections at Ch.182810 and 182880 are based on the sections with the greatest 
retained height.  
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Figure 2.1: Topographic Critical Cross Section Ch182810 
 
 

  

Figure 2.2: Topographic Critical Cross Section Ch182880 

Utilities:  

High Voltage Western Power Cable perpendicular to the carriageway at approximately Ch182790.  
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Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: None Recorded 

Solid Deposits: Gunthorpe Member (Mercia Mudstone Group) 

Ground Investigation: 

There are 2 No. historical exploratory holes recorded within the design chainage, with additional 20 
no. relevant exploratory holes considered  as shown on Geological Long Section, Drawing No. 
HA549342-AMAR-HGT-SWI-DR-CE-000021, Rev P01. 

 

  

Figure 5: Borehole Location Plan 
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Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole  SK42NE57/57R SK42NE94 SK42NE95 SK42NE96  

 Borehole Chainage 182845 182924 182937 182926  

 Borehole Location Northbound 
carriageway 

Crest of 
cutting 

Northbound 
verge 

Northbound 
verge 

 

 National Grid 
Reference 

E 447031, N 
325296 

E 447030, N 
325380 

E 447040, N 
325390 

E 447040, N 
325380 

 

 Ground Level at 
Exploratory Hole 

75.49mAOD 79.62mAOD 76.57mAOD 76.54mAOD  

 RAG Analysis Green Green Green Green  

 Date Drilled 28/01/1988 – 
29/01/1988  

01/10/1984 – 
03/10/1984 

10/09/1984 – 
11/09/1984 

10/09/1984 – 
11/09/1984 

 

 Termination Depth 20.13mbgl 
(metres below 
ground level) 

20.00mbgl 20.00mbgl 20.00mbgl  

 

Other suitable 
holes  

SK42NE101, SK42NE101R, SK42NE102, SK42NE102R, 
SK42NE56, SK42NE56R, SK42NE67, SK42NE83, SK42NE83R, 
SK42NE84, SK42NE86, SK42NE88, SK42NE89, SK42NE90, 
SK42NE90R, SK42NE91, SK42NE91R, SK42NE97, SK42NE99 

 

 

 

 

 

 

 

  

 

Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey. 

 
 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range 

Mercia Mudstone – III/IV  - - 25-150 (30) 

 
(1) Ground level is assumed to be at the crest of the cutting. 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(3) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 
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In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory holes SK42NE56, 
SK42SE57, SK42NE67, SK42NE83, SK42NE84, SK42NE86, SK42NE88, SK42NE89, SK42NE90, 
SK42NE94, SK42NE96, SK42NE97, SK42NE99, SK42NE101 and SK42NE102. 

Groundwater: 

Groundwater Strikes between 5.0-11.9mbgl (63.39-70.72mAOD), within the historical exploratory 
holes. 

 

 

 

 

 

 

 

Exploratory 
Hole ID 

Stratum 
Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

SK42NE102R 
Mercia 

Mudstone 
10.50 65.00 - - - 

SK42NE56 
Mercia 

Mudstone 
5.25 70.53 - 3.40 72.38 

SK42NE83R 
Mercia 

Mudstone 
5.00 70.72 - - - 

SK42NE86 
Mercia 

Mudstone 
5.45 69.88 - - - 

SK42NE88 
Mercia 

Mudstone 
10.10 64.99 - - - 

SK42NE89 
Mercia 

Mudstone 
11.40 63.89 - - - 

SK42NE95 
Mercia 

Mudstone 
12.05 64.52 - - - 

Groundwater Design Level: 

A groundwater level of 1.0m below toe of embankment has been assumed for WALLAP & GAWACwin 
analysis for sheet piles. When checking the global stability check of the earthwork and sheet pile 
(analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

16 No. Atterberg Limit Tests and 16 No. Moisture Content Tests were recorded within Mercia 
Mudstone – III/IV with the following results: 

Stratum Depth to Top 
of Test (mbgl) 

Natural Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone – 

III/IV  
5.0       17 31 17 14 CL 

Mercia Mudstone – 

III/IV 
4.5 15 28 16 12 CL 

Mercia Mudstone – 

III/IV 
7.5 16 34 20 14 CL 

Mercia Mudstone – 

III/IV 
3.0 18 32 18 14 CL 

Mercia Mudstone – 

III/IV 
2.5 21 30 18 12 CL 

Mercia Mudstone – 

III/IV 
3.0 20 29 17 12 CL 

Mercia Mudstone – 

III/IV 
2.0 14 31 19 12 CL 

Mercia Mudstone – 

III/IV 
2.7 25 38 22 16 CI 

Mercia Mudstone – 

III/IV 
5.0 13 37 20 17 CI 

Mercia Mudstone – 

III/IV 
3.0 15 31 18 13 CL 

Mercia Mudstone – 

III/IV 
0.5 13 40 20 20 CI 

Mercia Mudstone – 

III/IV 
0.5 19 49 23 26 CI 

Mercia Mudstone – 

III/IV 
3.5 14 34 20 14 CL 

Mercia Mudstone – 

III/IV 
2.95 13 33 19 14 CL 

Mercia Mudstone – 

III/IV 
2.0 14 30 17 13 CL 

Mercia Mudstone – 

III/IV  
0.5 13 45 20 25 CI 

 
39 No. undrained triaxial tests were undertaken within Mercia Mudstone – III/IV with the following 
results: 
 

Stratum 
Depth to Top of 

Test (mbgl) 
Depth to Top of 

Test (mAOD) 
Undrained Shear 
Strength (kN/m

2
) 

Mercia Mudstone – 

III/IV 
1.5 75.04 140 

Mercia Mudstone – 

III/IV 
1.0 74.5 45 

Mercia Mudstone – 

III/IV 
1.0 74.5 45 

Mercia Mudstone – 

III/IV 
0.5 75.1 270 
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 Mercia Mudstone – 

III/IV 
0.5 75.1 270 

Mercia Mudstone – 

III/IV 
0.5 75.1 270 

Mercia Mudstone – 

III/IV 
1.0 74.6 120 

Mercia Mudstone – 

III/IV 
1.0 74.6 120 

Mercia Mudstone – 

III/IV 
0.5 78.53 75 

Mercia Mudstone – 

III/IV 
0.5 78.53 75 

 Mercia Mudstone – 

III/IV 
0.5 78.53 75 

Mercia Mudstone – 

III/IV 
1.5 75.04 140 

Mercia Mudstone – 

III/IV 
3.0 74.04 370 

Mercia Mudstone – 

III/IV 
3.0 74.04 370 

Mercia Mudstone – 

III/IV 
3.0 74.04 370 

Mercia Mudstone – 

III/IV 
1.5 75.04 140 

Mercia Mudstone – 

III/IV  
2.0 77.03 210 

Mercia Mudstone – 

III/IV  
2.0 77.03 210 

Mercia Mudstone – 

III/IV  
2.0 77.03 210 

Mercia Mudstone – 

III/IV  
5.0 74.03 360 

Mercia Mudstone – 

III/IV  
5.0 74.03 360 

Mercia Mudstone – 

III/IV  
5.0 74.03 360 

Mercia Mudstone – 

III/IV  
1.0 74.5 45 

Mercia Mudstone – 

III/IV  
1.0 74.6 120 

Mercia Mudstone – 

III/IV  
5.0 70.72 210 

Mercia Mudstone – 

III/IV  
5.0 70.72 210 

Mercia Mudstone – 

III/IV  
2.0 73.6 370 

Mercia Mudstone – 

III/IV  
2.0 73.6 370 

Mercia Mudstone – 

III/IV  
4.5 70.83 120 

Mercia Mudstone – 

III/IV  
3.0 72.33 230 

Mercia Mudstone – 

III/IV  
5.0 70.72 210 

Mercia Mudstone – 

III/IV  
3.0 73.51 290 
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Mercia Mudstone – 

III/IV  
3.0 73.51 290 

Mercia Mudstone – 

III/IV  
3.0 73.51 290 

Mercia Mudstone – 

III/IV  
4.5 70.83 120 

Mercia Mudstone – 

III/IV  
4.5 70.83 120 

Mercia Mudstone – 

III/IV  
3.0 72.33 230 

Mercia Mudstone – 

III/IV  
3.0 72.33 230 

Mercia Mudstone – 

III/IV  
2.0 73.6 370 

 

Lab Test Data - BRE Classification: 

The table below presents the chemical test data undertaken: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Water Soluble 
Sulphate as SO4 

2:1 soil/water 
extract 

11 0.01-0.50 g/l SO4 

Embankment Fill pH 2:1 soil/water 
extract 

11 7.70-8.20 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000021 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outlines the assumed anticipated ground model: 

Due  to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the 
advancement of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this 
location. The below table outline the assumed anticipated ground model: 
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Eu E’ E Vu ν’ ν 

Mercia Mudstone – III/IV (<10mbgl) 0.0 – 6.8 80.8 – 74.0 6.8 21 26 2 180 10.80 8.60 - 0.50 0.20 - 
DS-2 

AC-2 

Mercia Mudstone – III/IV (>10mbgl) >6.8 <74.0 - 21 27 2 275 16.8 13.4 - 0.50 0.20 - 
DS-2 

AC-2 

 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Depth to base (mbgl) is based on topographic critical cross section Ch182810. 

(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) The ϕ' for Mercia Mudstone – III/IV (>74mAOD) was based on a typical PI value of 20% and Table 2 in BS8002:2015. 

(5) The ϕ' for Mercia Mudstone – III/IV (<74mAOD) was based on a typical PI value of 14% and Table 2 in BS8002:2015. 

(6) cu for Mercia Mudstone – III/IV (>74mAOD) was based on Stroud’s relationship between SPT ‘N’ values and PI. For a typical PI of 20%, approximately f1=6.0, and SPT ‘N’ value of 30, cu = 180kN/m
2
. 

(7) cu for Mercia Mudstone – III/IV (<74mAOD) was based on Stroud’s relationship between SPT ‘N’ values and PI. For a typical PI of 14%, approximately f1=5.5, and SPT ‘N’ value of 50, cu = 275kN/m
2
. 

(8) Eu for Mercia Mudstone – III/IV (>74mAOD) was derived using SPT ‘N’ values (Bowles) where Eu = 300 (N+6); using a typical SPT ‘N’ value of 30 gives Eu = 10.8MN/m
2
. Using Wroth (1972) E’ can then be calculated using 

E’ = 2/3 (1 + v) Eu = 8.6MN/m
2
. 

(9) Eu for Mercia Mudstone – III/IV (<74mAOD) was derived using SPT ‘N’ values (Bowles) where Eu = 300 (N+6); using a typical SPT ‘N’ value of 50 gives Eu = 16.8MN/m
2
. Using Wroth (1972) E’ can then be calculated using 

E’ = 2/3 (1 + v) Eu = 13.4MN/m
2
. 

(10) BRE Classification is determined using criteria set out in BRE Special Digest 1. 
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Imported Granular Fill (Class 6N) was used in the design of sheet pile and Gabion Wall as backfill material and Gabion Fill (Class 6G) was used for 
the gabion baskets; the material was assumed to have the following properties:  

 

 

 
Stratum 

Bulk Densityb 

(kN/m3) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 

Gabion Fill 24 - - - 
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Figure 6: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Earthwork regrade was considered at this location, however due to regrade encroaching on 
the highway boundary, this solution was not viable. A retaining wall is recommended as the 
earthwork widening solution: 

 
Gabion Wall: 

Start 
Chainage 

End 
Chainage 

Carriageway Solution Layers 

Gabion Wall Dimensions 
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Height (m) 
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182800 182880 Northbound 
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No further ground investigation is required at this location. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FURTHER GROUND INVESTIGATION 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-182800-182890NB-GSS-CE-000001 Page 15 of 64 

 UNCONTROLLED IF COPIED OR PRINTED 

 

HISTORICAL EXPLORATORY HOLES 
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PLOTS 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 182800-183000NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

SK42NE101, 102, 56, 57, 67, 83, 84, 86, 88, 89, 90, 94, 96, 97, 99
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 182800-183000NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 182800-18300NB

Client: Highways England Borehole ID:
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 Undrained Shear Strength vs Elevation
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-183080-183400-GSS-000001 

Earthworks Widening 
Solution 

Full Height Embankment Widening (1:2.0), Granular Wedge at 
Embankment Crest (1:2.0). 

Structure Number N/A 

Structure Type N/A 

Design Chainage 183080-183400 

Carriageway Northbound 

Marker Post 183/1A+00-183/4A+00 

National Grid 
Reference 

E 447115 , N 325642 

Existing Ground Level 
at Location 

Carriageway 77.45mAOD 

Toe of Embankment 71.05mOAD 

Earthwork Type NB: Embankment SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_42051 SB: N/A HAGDMS designation   

Earthwork Height NB: 6.4m SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 23° SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 05/12/2016 

Checked 25/04/2017 

Reviewed 25/04/2017 

Approved 02/05/2017 

 

 

 

 

 

 

 

 

 

 
 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR.  
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DESK STUDY 

 

 
 

Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Granular Wedge at Embankment Crest 1:2.0 – Ch.183080-Ch.183150 

 Full Height Embankment Widening 1:2.0 – Ch.183160-Ch.183400 
 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an Embankment with a maximum height of approximately 6.4m. 

The critical cross sections at ch.183140 and ch.183240 are based on sections with the greatest 
earthwork height for the proposed solutions. 
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Figure 2.1: Topographic Cross Section Chainage 183140 

 

Figure 2.2: Topographic Cross Section Chainage 183240 

Utilities:  

A culvert is present between chainage 183220 and 183230. 
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Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: N/A 

Solid Deposits: Mudstone, Siltstone and Sandstone 

Ground Investigation: 

There are 2 No. historical exploratory holes recorded within the design chainage, with an 
additional no. relevant exploratory holes considered outside the design chaiange as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000020, Rev P01. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Borehole Location Plan 
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Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE69 SK42NE4  

 Borehole Chainage 183146 183206  

 Borehole Location Southbound Northbound   

 National Grid 
Reference 

E 447155, N 325573 E 447140, N 325640  

 Ground Level at 
Exploratory Hole 

77.21mAOD 69.30mAOD  

 RAG Analysis Green Amber  

 Date Drilled 25/01/1988 24/08/1961-28/08/1961   

 Termination Depth 7.45 metres below ground 
level (mbgl) 

9.14 metres below ground 
level (mbgl) 

 

 

Other suitable 
holes  

CP1078  
 

 

 

 

   

 

 

 

Existing Ground Conditions 
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Made Ground – Embankment Fill 6.40 71.05 17-29 (17) 

Mercia Mudstone – III/IV 17.29 60.16 41-56 (50) 

(1) Ground level is assumed to be at the carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory hole SK42NE69. 

Groundwater: 

Groundwater was encountered in borehole SK42NE4 at 4.42mbgl (64.88mAOD) and rose to 
2.29mbgl (67.01mAOD). 
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Groundwater Design Level: 

Due to limited local groundwater data available and a design groundwater level 1.0m below toe 
of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

5 No. Atterberg Limit Tests were undertaken within the Mercia Mudstone – III/IV in borehole SK42NE4 
and CP1078 with the following results 
 

Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid Limit 
(%) 

Plastic Limit (%) 
Plasticity 
Index (%) 

1.52 37 18 19 CI 

3.05 34 23 11 CL 

4.57 33 18 15 CL 

6.10 30 16 14 CL 

2.00 29 13 16 CL 

 
3 No, Quick Undrained Triaxial Tests were undertaken in the Mercia Mudstone – III/IV, with the following 
results: 
 

Depth (mbgl) Undrained Shear Strength (kN/m
2
) 

1.52 34 

4.57 176 

6.1 283 
 

Lab Test Data - BRE Classification: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Mercia 
Mudstone – 
III/IV 

Water Soluble 
Sulphate as SO4 

Water 1 0.04 g/l SO4 

Mercia 
Mudstone – 
III/IV 

pH Solid 1 8.5 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. The below table outline the assumed anticipated ground model: 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0.00 – 6.40 77.45 -71.05 6.4 21 27 0 100 7.8 6.2 - 0.5 0.20 - 
DS-2 

AC-2 

Mercia Mudstone – III/IV 

(<10mbgl) 
6.40 – 10.00 71.05 -67.45 3.6 21 30 2 150 10.8 8.6 - 0.5 0.20 - 

DS-2 

AC-2 

Mercia Mudstone – III/IV 

(>10mbgl) 
>10.00 <67.45 - 21 30 2 325 16.8 13.4 - 0.5 0.50 - 

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 

data (where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole SK42NE4, SK42NE69 and Drawing No. HA549342-AMAR-HCT-SWI-DR-CE-000020. 

(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) Geotechnical Parameters  for Embankment Fill is based on values from the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002.  

(5) The ϕ' for Mercia Mudstone – III/IV 1-10m bgl is based on values from the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002   °. 

(6) A conservative SPT N value of 50 has been used for the Mercia Mudstone III/IV, combined with an f1 value of 6.5 (PI of 15%). This gives a Cu of 267kN/m2. However, due to a limited number of SPT’s, a 

conservative value of 150 kN/m2 has been adopted for design from the AMAR GIR. 

(7) Eu for Mercia Mudstone – III/IV has been adopted from the derived values in the AMAR GIR due to limited test data in this stratum. 

(8) Geotechnical Parameters  for Mudstone>10mbgl is based on values from the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002.  

(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill and lack of reliable data for Mercia Mudstone – III/IV, the classification used 

for the strata in the AMAR GIR was adopted. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m3) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

183080 183150 
Granular Wedge at 

Embankment Crest (1:2.0) 
4.0 26.6 (1V:2H) 

183160 183400 
Full Height Embankment 

Widening (1:2.0) 
5.0 26.6 (1V:2H) 

 

Proposed Structure Solution: 

N/A 
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Further Ground Investigation 

No further GI is proposed at this location. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-183620-183780NB-GSS-000001 

Earthworks Widening Solution 
1:3 Full Height Regrade,  
Gabion Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 183620-183780 

Carriageway Northbound 

Marker Post MP183/6A +20 – MP183/7A +80 

National Grid Reference E 447241 , N 326033 - E 447296 , N 326194  

Existing Ground Level at Location 
Crest  81.54mAOD 

Carriageway 71.64mAOD 

Earthwork Type NB: Cutting SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_42052 SB: N/A HAGDMS designation   

Earthwork Height NB: 11.1m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 23° SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 25/04/2017 

Checked 26/04/2017 

Reviewed 27/04/2017 

Approved 09/05/2017 

 
 
 
 
 
 
 
 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this earthwork. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 

 
Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch183620-182700 Full Height Regrade at 1:3 

 Ch183210-108780 Gabion retaining wall 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as a 
Cutting with heights ranging between 5m and 10m, with a typical slope angle of 23 degrees. 

The critical cross section for the regrade solution was taken at ch.183700 and is based on the 
section with the greatest earthwork height. 

The critical cross section for the gabion wall solution was taken at ch.183780 and is based on the 
section with the greatest retained height. 
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Figure 2.1: Topographic Cross Section Chainage 183700 

 

Figure 2.2: Topographic Cross Section Chainage 183780 

Utilities:  

No known utilities are located in within widening areas. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: None recorded. 

Solid Deposits: Gunthorpe Member – Mudstone & Tarporley Siltstone Formation - Siltstone, 
Mudstone and Sandstone 

Ground Investigation: 

There are 10 No. historical exploratory holes recorded within the design chainage, with additional 3 
no. relevant exploratory holes considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000023, Rev P01.  
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Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE6 SK42NE70 SK42NE5 RC1079 

 Borehole Chainage 183854 183722 183664 183679 

 Borehole Location Northbound  Northbound Northbound Northbound 

 National Grid 
Reference 

E 447330,   N 
326260 

E 447292,   
N 326133 

E 447270,    
N 326080 

E 447240,    N 
326105 

 Ground Level at 
Exploratory Hole 

82.30metres 
above 
Ordnance 
Datum (mAOD) 

73.45mAOD 79.90mAOD 80.00mAOD 

 RAG Analysis Amber Green Amber Green 

 Date Drilled 18/08/1961-
22/08/1961 

01/02/1988-
02/02/1988 

22/08/1961-
24/08/1961 

25/10/2006 

 Termination Depth 15.24 metres 
below ground 
level (mbgl) 

5.00 mbgl 9.14 mbgl 15.50 mbgl 

 

Other suitable holes  RC1079,SK42NE5, SK42NE70, SK42NE58,SK42NE59/R, 
SK42NE60, SK42NE61/R, SK42NE62, SK42NE63/R, 
SK42NE64, SK42NE65/R. SK42NE66  
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 Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven LiDAR 
Survey.  

 

 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 

SPT ‘N’ 
Value 

Range* 

Mercia Mudstone III/IV 15.24 67.06 12-150 (24) 

 

(1) Ground level is assumed to be at the crest of the cutting. 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory hole 
SK42NE5, RC1079, SK42NE59/59R, SK42NE60, SK42NE61/61R, SK42NE62, 
SK42NE63/63R, SK42NE64, SK42NE65/65R, SK42NE66 and SK42NE70. 

Groundwater: 

Groundwater was encountered in a number of boreholes and is presented in the table 
below: 

 

 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

SK42NE6 Mercia 
Mudstone – 

III/IV 

4.57 77.73 - - - 

SK42NE5 Mercia 
Mudstone – 

III/IV 

3.05 76.85 - 2.29 77.61 

SK42NE60 Mercia 
Mudstone – 

III/IV 

6.30 67.70 - - - 

SK42NE61 Mercia 
Mudstone – 

III/IV 

2.50 77.10 - 2.00 77.60 

RC1079 Mercia 
Mudstone – 

III/IV 

0 80.00 - - - 

Groundwater Design Level: 

A design groundwater level of 1.0m below ground level throughout cutting has been 
assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

11 No. Atterberg Limit Tests and 11 No. Natural Moisture Content Tests were undertaken within 
the Mercia Mudstone III/IV in boreholes SK42NE5 and SK42NE6 with the following results: 
 

Stratum 
Depth 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index 

Classification 

Mercia 
Mudstone – 

III/IV  
0.76 14 - - - - 

Mercia 
Mudstone – 

III/IV  
1.52 24 33 19 14 CL 

Mercia 
Mudstone – 

III/IV  
1.52 - 35 18 17 CI 

Mercia 
Mudstone – 

III/IV  
2.29 21 - - - - 

Mercia 
Mudstone – 

III/IV  
3.81 14 - - - - 

Mercia 
Mudstone – 

III/IV  
4.57 12 29 21 8 CL 

Mercia 
Mudstone – 

III/IV  
4.57 15 33 19 14 CL 

Mercia 
Mudstone – 

III/IV  
5.33 15 - - - - 

Mercia 
Mudstone – 

III/IV  
6.10 15 32 18 14 CL 

Mercia 
Mudstone – 

III/IV  
6.10 - 31 18 13 CL 

Mercia 
Mudstone – 

III/IV  
6.86 20 - - - - 

Mercia 
Mudstone – 

III/IV  
7.62  33 16 17 CL 

Mercia 
Mudstone – 

III/IV  
8.38 19 - - - - 

Mercia 
Mudstone – 

III/IV  
8.84 - 32 17 15 CL 

Mercia 
Mudstone – 

III/IV  
9.14  33 19 14 CL 

Mercia 
Mudstone – 

III/IV  
9.91 19 - - - - 

Mercia 
Mudstone – 

III/IV  
10.67 - 28 19 9 CL 

Mercia 
Mudstone – 

III/IV  
12.19 22 - - - - 
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Mercia 
Mudstone – 

III/IV  
12.80 - 30 20 10 CL 

Mercia 
Mudstone – 

III/IV  
13.72 21 - - - - 

Mercia 
Mudstone – 

III/IV  
14.48 20 - - - - 

 
9 No, Quick Undrained Triaxial Tests were undertaken in Borehole SK42NE5 and SK42NE6, with 
the following results: 
 

Stratum Depth (mbgl) Undrained Shear Strength (kN/m
2
) 

Mercia Mudstone – III/IV 6.10 269 

Mercia Mudstone – III/IV 6.10 131 

Mercia Mudstone – III/IV 4.57 214 

Mercia Mudstone – III/IV 7.32 212 

Mercia Mudstone – III/IV 10.67 376 

Mercia Mudstone – III/IV 12.8 400 

Mercia Mudstone – III/IV 1.52 45 

Mercia Mudstone – III/IV 3.05 155 

Mercia Mudstone – III/IV 6.10 317 

 
 

Lab Test Data – BRE Classification: 

1 No. pH test and 1 No. Sulphate test was completed in borehole SK42NE6 with the 
results presented in the table below: 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) 

Unit 

Mercia 
Mudstone – III/IV 

Water Soluble 
Sulphate as SO4 

Water 1 0.00 g/l SO4 

Mercia 
Mudstone – III/IV 

pH Water 1 7.20 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 
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Mercia Mudstone – III/IV 0->10.00 
71.67-

<61.67 >10.00 21 30 2 156 9.0 7.2 - 0.5 0.20 - 

DS-2 

AC-2 

 
(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 

(where data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) The ϕ' for Mercia Mudstone –III/IV is based on values from the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002   °. 

(4) A conservative SPT N value of 24 has been used for the Mercia Mudstone III/IV, combined with an f1 value of 6.5 (PI of 15%). This gives a Cu of 156kN/m
2
.  

(5) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 24 gives Eu = 9.0MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 

(1 + v) Eu = 7.2MN/m
2
. 

(6) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of reliable BRE test data for Mercia Mudstone, the classification used for the strata in the AMAR GIR was adopted. 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start Chainage End Chainage Widening Solution 

183620 183700 Full Height Regrade 1:3.0 

 

Earthwork regrade was considered between 183710 and 183780, however due to this 
encroaching on to the highway boundary, this solution was not viable. A retaining wall is 
recommended as the earthwork widening solution between these chainages: 

 

Proposed Structural Solution: 

N/A 

 

 

 

 

 

 

 

 

  

GEOTECHNICAL DESIGN CONCLUSIONS 

Start 
Chainage 

End 
Chainage 

Carriageway Solution Layers 

Gabion Wall Dimensions 

Width (m) 
Length 

(m) 
Height (m) 

Benching 
Detail 

183710 183780 Northbound 
Gabion 

Wall 

Lower 1.0 1.0 1.0 
45

0 

Upper 0.5 0.5 0.5 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-183620-183990 NB-GSS-CE-000001 Page 11 of 43 

 UNCONTROLLED IF COPIED OR PRINTED 

 

FURTHER GROUND INVESTIGATION 
 
No further GI is required at this location to confirm the ground conditions:  
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HISTORICAL EXPLORATORY HOLES  
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-184000-184450NB-GSS-000001 
Earthworks Widening 
Solution Gabion Wall , King Sheet Pile Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 184000-184450 

Carriageway Northbound 

Marker Post MP184/0A +00 – MP184 /4A +50 

National Grid Reference E 447359, N 326407 - E 447461, N 326841 
Existing Ground Level at 
Location 

Crest 77.0mAOD 
Carriageway 69.2mAOD 

Earthwork Type NB: Cutting SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_42053 SB: N/A HAGDMS designation   

Earthwork Height NB: 7.8m SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 25o SB: N/A  From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 25/04/2017 

Checked 25/04/2017 

Reviewed 25/04/2017 

Approved 02/05/2017 
 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this earthwork. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1.1: Location Plan – 184000-184200 
 

 
Figure 1.2: Location Plan – 184200-184450 
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Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• Retaining Wall has been proposed to prevent any additional land take beyond the 
highway boundary. The retaining wall has been split as per the chainages below: 

o 184070 – 184020: 0.70m Retained Height 
o 184070 – 184140: 1.00m Retained Height 
o 184140 – 184430: 1.80m Retained Height 
o 184430 – 184450: 1.00m Retained Height 

Proposed Major Structures:   
N/A 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
a Cutting with a maximum height of approximately 7.8m. 

 

Critical Sections were based on sections with the greatest earthwork heights as shown below. 

Figure 2.1 below presents the cross section used for design of the Gabion Wall: 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Topographic Cross Section Chainage 184020 

 

Figure 2.2 below presents the cross section used for design of the King Sheet Pile wall for a 
retained height of up to 1m.  
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Figure 2.2: Topographic Cross Section Chainage 184090 

 
 
Figure 2.3 below presents the cross section used for design of the King Sheet Pile wall for a 
retained height of up to 1.8m. 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.3: Topographic Cross Section Chainage 184360. 
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Utilities:  
National Grid Gas – Mid pressure pipe running across OB423. 

 

Figure 3: Utilities Location Plan 
 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: None Recorded. 

Solid Deposits: Tarporley Siltstone Formation – Mudstone, Siltstone and Sandstone & 
Bromsgrove Sandstone Formation – Sandstone. 

Ground Investigation: 
There are 2 No. historical exploratory holes recorded within the design chainage, with additional 2 
no. relevant exploratory holes considered outside the design chainage; as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000023-24, Rev P01. 
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Figure 4.1: Borehole Location Plan – 184000-184200 

 

 

 

 

Figure 4.2: Borehole Location Plan – 184200-184450 
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Flood Risk: 
The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant  Borehole 
Number 

SK42NE8 SK42NE7 SK42NE71 SK42NE72  

 Borehole Chainage 184250 184031 184473 184474  

 Borehole Location Northbound   Northbound   Southbound Southbound  

 National Grid 
Reference 

E 447440, N 
326640 

E 447380, N 
326430 

E 447491, N 
326858 

E 447525, N 
326851 

 

 Ground Level at 
Exploratory Hole 

66.10mAOD 75.00mAOD 56.75mOAD 57.35mbgl  

 RAG Analysis Amber Amber Amber Green  

 Date Drilled 17/08/1961-
18/08/1961  

15/08/1961 
– 
17/08/1961 

02/02/1988 25/01/1988-
26/01/1988 

 

 Termination Depth 7.62mbgl 12.19mbgl 3.61mbgl 7.20mbgl  
 

Other suitable 
holes  

None 
 

 

 

 

 

 

  

 

Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data.  
 

Stratum Depth to 
Base (mbgl) 

Depth to 
Base (mAOD) 

SPT ‘N’ 
Value 

Range* 

Mercia Mudstone III/IV >17.00 <60.00 53-150 
(1) Ground level is assumed to be at the crest of the cutting.  
(2) SPT capped at 150.  
(3) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model 

In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory holes 
SK42NE71 and SK42NE72, but are not considered to be representative between 
184000-184450. 

Groundwater: 
No ground water encountered within the exploratory boreholes 
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Groundwater Design Level: 
No local groundwater data is available and therefore a groundwater level of 1.0m below 
carriageway level has been assumed for WALLAP analysis for king sheet piles and 
GAWACwin for Gabion Wall analysis. When checking the global stability check of the 
earthwork and king sheet pile (analysed using SLOPE W) an Ru value of 0.2 for has 
been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
9 No. Atterberg Limit Tests and 15 no Mositure Content Tests were undertaken within 
the Mudstone III/IV in boreholes SK42NE7 and SK42NE8 with the following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mudstone -  
III/IV 

1.22 15 - - - - 

Mudstone -  
III/IV 

1.52 19 37 20 17 CI 

Mudstone -  
III/IV 

2.29 15 - - - - 

Mudstone -  
III/IV 

3.05 - 31 16 15 CL 

Mudstone -  
III/IV 

3.81 16 - - - - 

Mudstone -  
III/IV 

4.57 - 39 17 22 CI 

Mudstone -  
III/IV 

5.33 15 - - - - 

Mudstone -  
III/IV 

6.10 - 30 19 11 CL 

Mudstone -  
III/IV 

6.86 17 - - - - 

Mudstone -  
III/IV 

9.91 20 - - - - 

Mudstone -  
III/IV 

10.67 22 - - - - 

Mudstone -  
III/IV 

11.43 21 - - - - 

Mudstone -  
III/IV 

0.61 8 36 17 19 CI 

Mudstone -  
III/IV 

1.52 15 31 19 12 CL 

Mudstone -  
III/IV 

3.05 14 - - - - 

Mudstone -  
III/IV 

3.35 - 28 20 8 CL 

Mudstone -  
III/IV 

4.57 7 - - - - 

Mudstone -  
III/IV 

5.18 - 34 19 15 CL 

Mudstone -  
III/IV 

6.1 21 - - - - 

Mudstone -  
III/IV 

6.71 - 26 17 9 CL 

Mudstone -  
III/IV 

7.62 15 - - - - 
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5 No, Quick Undrained Triaxial Tests were undertaken in Borehole SK42NE7 and 
SK42NE8, with the following results: 

Stratum Depth (mbgl) 
Undrained 

Shear 
Strength 
(kN/m2) 

Mudstone -  
III/IV 1.52 141 

Mudstone -  
III/IV 4.57 141 

Mudstone -  
III/IV 1.52 97 

Mudstone -  
III/IV 5.18 210 

Mudstone -  
III/IV 6.71 90 

 
 

Lab Test Data - BRE Classification: 
1 No. Test for pH Value and 1 No. Sulphate test was completed in borehole SK42NE7 
with the results presented in the table below: 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) 

Unit 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 1 0.00 g/l SO4 

Embankment Fill pH Water 1 7.30 - 
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Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this location. The below 
table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Validation Ground 
Investigation. 
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Eu E’ E Vu ν’ ν 

Mercia Mudstone – III/IV 
(<10mbgl) 

0.00 – 17.00 
77.00 – 
60.00 17.00 21 30 2 100 10.8 8.6 - 0.5 0.20 - 

DS-2 
AC-2 

Mercia Mudstone – III/IV 
(>10mbgl) 

>17.00 <60.00 - 21 30 2 150 16.8 13.4 - 0.5 0.2 - 
DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 
(where data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(3) Due to limited geotechnical data available for the Mercia Mudstone III/IV <10mbgl, the geotechnical parameters derived in AMAR GIR have been adopted for design. 
(4) Due to the lack of local ground investigation data available and, geotechnical parameters for Mercia Mudstone >10mbgl has been based on values derived in AMAR GIR HA549342-AMAR-HGT-SWI-RP-CE-

000002. 
(5) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Mercia Mudstone III/IV, the classification used for the strata in the AMAR GIR was adopted 
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Imported Granular Fill (Class 6N) was used in the design of king sheet pile and gabion wall as backfill material, and Gabion Fill (Class 6G) was used to 
represent the fill in the gabion baskets; the materials were assumed to have the following properties:  

 

 

 
 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 

Gabion Fill 24 - - - 
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Figure 5.1: Geological Long Section – 184000-184200 
 

 
 

 
Figure 5.2: Geological Long Section – 184200-184450 
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Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to the requirement of 
additional land take because of the highway boundary, this solution was not viable. A 
retaining wall is recommended as the earthwork widening solution: 

 
Gabion Wall: 

Start 
Chainage 

End 
Chainage Carriageway Solution Layers 

Gabion Wall Dimensions 

Width 
(m) 

Length 
(m) 

Height 
(m) 

Benching 
Detail 

184000 184020 Northbound 
Gabion 

Wall 

Lower 1.0 1.0 1.0 

45º Upper 

 
0.5 0.5 0.5 

 
 
King Sheet Pile Retaining Wall: 
 

Start 
Chainage 

End 
Chainage 

King 
Section 

Type  
Retained 

Height (m) 
Embedded 
Depth (m) 

Total 
Pile 

Length 
(m) 

Maximum 
Structural 
Degree of 
Utilisation 

(%) 

Global 
Earthwork 
Stability 

Maximum 
Degree of 
Utilisation 

(%) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 
Moment 
(kN.m/m) 

184070 184140 AZ-12 700 

S390 GP 

1.0 3.50 4.50 81 47 9.0 16 

184140 184430 AZ-12 700 

S390 GP 

1.8 

 

3.50 6.0 89 41 26.0 50 

184430 184450 AZ-12 700 

S390 GP 

1.0 3.50 4.50 81 47 9.0 16 

 
 
Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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No further ground investigation has been proposed. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Further Ground Investigation 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document 
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HA549342-AMAR-HGT-184560-184700NB-GSS-000001 

Earthwork 
Widening Solution 

1:2.5 Full Height Regrade 

Design Chainage 184560-184700 

Structure Number N/A 

Structure Type N/A 

Carriageway Northbound 

Marker Post MP184/5 +60 – MP184/7 +40 

National Grid 
Reference 

E 447479, N 326948 - E 447496, N 327085 

Existing Ground 
Level at Location 

Crest 52.78mAOD 

Carriageway 51.82mAOD 

Earthwork Type NB: Grade SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_42054 SB: N/A HAGDMS designation   

Earthwork Height NB: 0.96m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 26.44o SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date 

Author 9/12/2016 

Checked 2/12/2016 

Reviewed 6/04/2017 

Approved 6/06/2017 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this eathwork. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
 

DESK STUDY 

 
Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Regrade at 1 in 2.5 gradient. 

Proposed Major Structures:   

N/A  

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
Grade with a maximum height of approximately 0.96m.  

The critical cross sections (i.e. the cross section with the greatest earthwork height) used is 
Ch184590. 
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Figure 2: Topographic Cross Section Chainage 184590 

Utilities:  

Western Power Low Voltage Supply running northbound to southbound at approximately 
ch.184465. Western Power High Voltage running along Northbound verge through design 
chainage. 

 

 

Figure 3: Utilities Location Plan 
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Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: N/A 

Solid Deposits: Triassic Rocks – Mudstone, Siltstone and Sandstone 

Ground Investigation: 

There are no. historical exploratory holes recorded within the design chainage, however  2 no. 
relevant exploratory holes considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000024, Rev P01.  

 

Figure 4: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant 
Borehole 
Number 

SK42NE72  

 Borehole 
Chainage 

184473  

 Borehole 
Location 

Southbound Earthwork  

 National Grid E 447525, N 326851  
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Reference 

 Ground Level 
at Exploratory 
Hole 

57.35mAOD  

 RAG Analysis Green  

 Date Drilled 25/01/1988-26/01/1988   

 Termination 
Depth 

7.2 metres below ground level (mbgl) (50.15mAOD)  

 

Other suitable 
holes  

SK42NE71  
 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions have been assumed based on historical 
Ground Investigation and driven LiDAR survey. 

 

 
 

Stratum 
Depth to 

Base 
(mbgl) 

Depth to 
Base 

(mAOD) 

SPT ‘N’ 
Value 
Range 

Mercia Mudstone III/IV  10.00 42.78 53-150 (53) 

 
(1) Ground level is assumed to be at the crest of the cutting. 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(3) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground 

model. 
(4) Nearest borehole is approximately 117m away from the critical cross section. Therefore for the purpose of 

design, the geotechnical parameters given in the AMAR GIR have been adopted. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory holes 
SK42NE71 and SK42NE72. 

Groundwater: 

No groundwater encountered in the boreholes. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 
1.0m below ground level throughout cutting has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

5 No, Quick Undrained Triaxial Tests were undertaken in Borehole SK42NE71 and 
SK42NE72, with the following results: 
 

Stratum Depth (mbgl) 

Undrained 
Shear 

Strength 
(kN/m

2
) 

Mercia 
Mudstone – 

III/IV 
1.52 97 

Mercia 
Mudstone – 

III/IV 
1.52 141 

Mercia 
Mudstone – 

III/IV 
4.57 141 

Mercia 
Mudstone – 

III/IV 
5.18 210 

Mercia 
Mudstone – 

III/IV 
6.71 90 

 
 
 
 
 

Lab Test Data - BRE Classification: 

No chemical laboratory testing data is available for this location. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this location. The below 
table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Validation Ground 
Investigation. 
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Mercia Mudstone – III/IV 
0.00 – 

>10.00 

52.78 – 

<42.78 >10.00 21 30 2 150 10.8 8.6 - 0.5 0.20 - 3.58 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 

data (where data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to limited geotechnical data available for the Mercia MudstoneIII/IV, the geotechnical parameters derived in AMAR GIR have been adopted for design. 

(4) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Mercia Mudstone – III/IV, the classification used for the strata in the AMAR GIR was adopted. 
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Figure 5: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start Chainage End Chainage Widening Solution 

184560 184700 Full Height Regrade 1:2.5 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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FURTHER GROUND INVESTIGATION 
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

 BH-R-FTPSB5_800y at chainage 184672, southbound, dynamic sample with rotary 
follow to 10m bgl. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-184750-184900NB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Embankment Widening (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 184750-184900 

Carriageway Northbound 

Marker Post M1 Junction 24 NB off slip (LHS) 

National Grid 
Reference 

E 447501, N 327203 

Existing Ground Level 
at Location 

Carriageway 45.13mAOD 

Toe of Embankment 41.55mAOD 

Earthwork Type NB: Embankment SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_42055 SB: N/A HAGDMS designation   

Earthwork Height NB: 3.60m SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 21.00o SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 3/04/2017 

Checked 0/04/2017 

Reviewed 0/04/2017 

Approved 6/06/2017 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

Figure 1.1: Location Plan – 184750-184800 
 
 

 
 
 

 
 
 
 
 
Figure 1.2: Location Plan – 184750-184800 
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Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Embankment Widening 1:2.0 
 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as 
Embankment with a maximum height of approximately 3.60m with  an approximate slope angle of 
21 degrees. 

The critical cross section at chainage 184810 was based on the section with the greatest 
earthwork height. 

Figure 2: Topographic Cross Section Chainage 184810 

Utilities:  

Western Power High Voltage Supply running northbound to southbound at approximately 
ch.184745 
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Figure 3: Utilities Location Plan. 

 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: N/A 

Solid Deposits: Triassic Rocks – Mudstone, Siltstone and Sandstone 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 1 no. 
relevant exploratory hole was considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HCT-SWI-DR-CE-000027, Rev P01. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Topographic Cross Section Chainage 184750-184800 
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Figure 3.2: Borehole Location Plan – 184800-184900 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE9  

 Borehole Chainage 184918  

 Borehole Location Northbound Carriageway  

 National Grid 
Reference 

E 447530, N 327300  

 Ground Level at 
Exploratory Hole 

40.10mAOD  

 RAG Analysis Amber  

 Date Drilled 16/08/1961 – 17/08/1961   

 Termination Depth 6.10 metres below ground level (mbgl) (34.00mAOD)  

 

Other suitable 
holes  

None 
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Existing Ground Conditions:  
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR Survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to 

Base (mAOD) 

SPT ‘N’ 
Value 
Range 

Embankment Fill  3.74 41.97 - 

Mercia Mudstone III/IV  10.00 35.71 57 (57) 

 
(1) Ground level is assumed to be at  carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) Local ground information does not show any made ground between 184750-184900, as borehole were likely advanced before 

the construction of the earthwork. As a result, the embankment fill has been assumed to be present with a maximum height of 

3.74 

(4) Characteristic ‘N’ Values are given in brackets. 

 

 

In Situ Testing: 

Standard penetration test data is not available in the borehole SK42NE9 

Groundwater: 

Groundwater was encountered in borehole Sk42NE9 at 1.07mbgl (39.03mAOD). 

Groundwater Design Level: 

No local groundwater data is available and therefore a design groundwater level of 
1.0m below toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

 
2 No. Atterberg Limit tests were undertaken within the Mercia Mudstone with the results 
presented in the table below: 
 

Stratum 
Depth 
(mbgl) 

Moisture 
Content 

(%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index 
(%) 

Classification 

Mercia 
Mudstone – III/IV 

3.35 - 36 21 15 CI 

Mercia 
Mudstone – III/IV 

4.27 - 39 24 15 CI 

 
2 No quick undrained triaxial tests were completed in Borehole SK42NE9 within the Mercia 
Mudstone layer, with results presented in the table below: 
 

Stratum Depth (mbgl) 

Undrained 
Shear 

Strength 
(kN/m

2
) 

Mercia 
Mudstone – 

III/IV 

3.35 110 

Mercia 
Mudstone – 

III/IV 

4.27 93 

 
 
 
 

Lab Test Data – BRE Classification: 

No chemical testing was undertaken between these locations. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Validation 
Ground Investigation. 
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Embankment Fill (Made 

Ground) 
0.00 – 3.74 

45.71 – 

41.97 3.74 21 27 0 100 7.8 6.2 - 0.5 0.2 - 
DS-2 

AC-2 

Mercia Mudstone – III/IV 
3.74 – 

10.00 

41.97 – 

35.71 6.26 21 30 2 150 10.8 8.6 - 0.5 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to limited localised GI data for Embankment Fill, the geotechnical parameters derived in the AMAR GIR have been adopted for design. 

(4) Due to limited geotechnical data available for the Mercia Mudstone III/IV, the geotechnical parameters derived in AMAR GIR have been adopted for design. 

(5) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill and Mercia Mudstone – III/IV, the classification used for the strata in the AMAR GIR was 

adopted 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

 

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4.1: Geological Long Section – 184750-184800 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Geological Long Section – 184800-184900 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution 
Benching Detail 

Base Width (m) Batter Angle (o) 

184750 184900 
Full Height Embankment 

Widening (1:2.0) 

4.0 26.6 (1V:2H) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

 CPT-02 at chainage 184931, Southbound – CPT test to a depth pf 5.0mbgl. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FURTHER GROUND INVESTIGATION 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-184750-184900NB-GSS-CE-000001 Page 13 of 17 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 
 

HISTORICAL EXPLORATORY HOLES  
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-185130-185320NB-GSS-000001 

Earthworks Widening 
Solution 

King Sheet Pile Retaining Wall 

Structure Number1 E1-A1 

Structure Type Emergency Refuge Area (ERA) 

Design Chainage 185130-185320 

Carriageway Northbound 

Marker Post 185/1+30 – 185/3+20 

National Grid Reference E 447522, N 327532 – E 447514, N 327700 

Existing Ground Level 
at Location 

Crest of cutting 41.4mAOD 

Carriageway 35.1mAOD 

Earthwork Type NB: Cutting SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_42057 SB: N/A HAGDMS designation   

Earthwork Height NB: 5.7m – 6.3m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 24o SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in accordance with Drawing Sequence HA549342-AMAR-HML-MLC-DR-CH-000001 to 

HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 
Figure 1: Location Plan 

 

Proposed Widening:   

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 King sheet pile retaining wall to prevent interference with HE boundary. The king sheet 
pile walls have been subdivided as follows: 
o Ch185130-185220, maximum retained height 2.0m; 
o Ch185220-185270, maximum retained height 2.3m; 
o Ch185270-185320, maximum retained height 2.0m. 

 

Proposed Major Structures:   

Emergency Refuge Area ERA E1-A1 is proposed between Ch185195-185305 on the 
northbound carriageway. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at this location is classified as 5.7m-
6.7m high cutting with an approximate slope angle of 24°. 

The critical cross sections (Ch1825220 and Ch185230) were both found to comprise a cutting of 
approximately 6.3m height and a typical slope angle of 24° and are based on sections with the 
greatest retained heights. 
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Figure 2.1: Topographic Critical Cross Section Ch185220 (for 2.0m retained height) 

 

Figure 2.2: Topographic Critical Cross Section Ch185230 (for 2.3m retained height) 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Wanlip Member (Glaciofluvial Deposits) 

Solid Deposits: Edwalton Member (Mercia Mudstone Group) 
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Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 3 no. 
relevant exploratory holes were considered outside the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000025, Rev P01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE10 SK42NE11  

 Borehole Chainage 185118 185359  

 Borehole Location Northbound carriageway 
(prior to motorway 
construction) 

Northbound verge (prior to 
motorway construction) 

 

 National Grid 
Reference 

E 447530, N 327500 E 447510, N 327740  

 Ground Level at 
Exploratory Hole 

39.20mAOD 37.20mAOD  

 RAG Analysis Amber Amber  

 Date Drilled 12/08/1961 – 15/08/1961  09/08/1961 – 11/08/1961  
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 Termination Depth 9.14 metres below ground 
level (mbgl) 
(30.06mAOD) 

12.19mbgl (25.01mAOD)  

 

Other suitable 
holes  

CP1086 
 

 

 

 

  

 

Existing Ground 
Conditions: 

 

 

The following ground conditions have been assumed based on historical Ground 
Investigation and driven LiDAR survey.  

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range 

Embankment Fill 6.3 35.1 15-18 (17) 

Glaciofluvial Deposits (fine 
grained) 

9.7 31.7 59 (59) 

Mercia Mudstone – III/IV Not proven Not proven 85-130 (85) 

(1) Ground level is assumed to be at the carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Embankment Fill is not recorded in historical exploratory holes SK42NE10 and SK42NE11 because they were undertaken 

before earthwork construction. Therefore, Embankment Fill depth was based on topographic data.. 

(5) Glaciofluvial Deposits were recorded as fine grained in SK42NE10 and as coarse grained in SK42NE11; for a conservative 

design, the Glaciofluvial Deposits were assumed to be fine grained. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes 
SK42NE10, SK42NE11 and CP1086. 

Groundwater: 

Groundwater was recorded as follows: 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

SK42NE10 Mercia 
Mudstone – 

III/IV 

3.96 35.24 20 mins 3.96 35.24 

SK42NE11 Glaciofluvial 
Deposits 

(Fine 
Grained) 

3.05 34.15 20 mins 3.05 34.15 

Groundwater Design Level: 

Due to limited local groundwater data, a groundwater level of 1.0m below toe of 
embankment has been assumed for WALLAP analysis for king sheet piles. When 
checking the global stability check of the earthwork and king sheet pile (analysed 
using SLOPE W) a Ru value of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

10 No. Atterberg Limit tests and 5 No. Moisture Content tests were completed within 
historical exploratory holes with the results presented in the table below: 

Stratum 
Depth 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit 
(%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 3.70 15 30 14 16 CL 

Embankment Fill 5.70 17 32 13 19 ML 

Glaciofluvial 
Deposits (fine 

grained) 
1.37 - 22 13 9 CL 

Mercia Mudstone 
– III/IV 

12.70 19 32 16 16 CL 

Mercia Mudstone 
– III/IV 

5.64 - 29 15 14 CL 

Mercia Mudstone 
– III/IV 

7.16 - 30 18 12 CL 

Mercia Mudstone 
– III/IV 

8.69 - 47 30 17 MI 

Mercia Mudstone 
– III/IV 

6.10 - 34 24 10 ML 

Mercia Mudstone 
– III/IV 

7.77 20 32 25 7 ML 

Mercia Mudstone 
– III/IV 

10.67 14 28 17 11 CL 

8 No. quick undrained triaxial tests were completed within historical exploratory holes 
with the results presented in the table below: 

Stratum Depth (mbgl) Undrained Shear Strength (kN/m
2
) 

Embankment Fill 5.20 80 

Embankment Fill 3.20 63 

Glaciofluvial Deposits (fine grained) 1.37 41 

Mercia Mudstone – III/IV 6.10 145 

Mercia Mudstone – III/IV 6.10 66 

Mercia Mudstone – III/IV 5.64 483 

Mercia Mudstone – III/IV 7.16 62 

Mercia Mudstone – III/IV 8.69 62 
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Lab Test Data - BRE Classification: 

Chemical laboratory test data in presented in the table below: 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) 

Unit 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 2 0-0.02 g/l SO4 

Embankment Fill pH Solid 1 8.3 - 

Embankment Fill pH Water 1 7.1 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000025 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground 
Investigation: 
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Embankment Fill 0.00 – 6.3 41.4 – 35.1 6.3 21 26 0 90 6.9 5.5 - 0.50 0.20 - 

DS-2 

AC-2 

Glaciofluvial Deposits (fine grained) 6.3 – 9.7 35.1 – 30.7 3.4 21 26 0 100 7.8 6.2 - 0.50 0.20 - 

DS-3 

AC-3 

Mercia Mudstone – III/IV >9.7 <30.7 - 21 27 2 100 16.8 13.4 - 0.50 0.20 - 

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) ϕ' of Embankment Fill was determined using Table 2 in BS8002:2015 using the recorded PI of 19% gives 26°. Although there were only 2 No. PI tests, the results were similar to the AMAR GIR characteristic value of 27° and 
therefore considered suitable. 

(4) cu of Embankment Fill  was derived using the Stroud correlation. The recorded PI of 19% gives an f1 value of 5.5, using a typical SPT ‘N’ value of 17, Cu= 94kN/m
2
. Based on this derived result and the recorded triaxial test 

results, it is considered that a cu value of 90kN/m
2
 is adopted. 

(5) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 17, Eu = 6.9MN/m
2
. Therefore E’ = 

5.5MN/m
2
. 

(6) Due to the lack of local data for Glaciofluvial Deposits (fine grained), the characteristic values given in the AMAR GIR were adopted. 

(7) ϕ' of Mercia Mudstone – III/IV was determined using Table 2 in BS8002:2015 using the maximum recorded PI of 17% gives 27°. 
(8) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. The recorded PI of 17% gives an f1 value of 6, using a typical SPT ‘N’ value of 85, Cu= 510kN/m

2
. This exceeded the range in the AMAR GIR. The 

undrained triaxial tests either recorded cu values in excess of the range given in the AMAR GIR (maximum 200kN/m
2
) or were uncharacteristically low (e.g. 66kN/m

2
); therefore the typical value from the AMAR GIR was 

instead adopted. 
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(9) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 85, Eu = 27.3MN/m
2
. Therefore E’ = 

21.8MN/m
2
. These values exceed the range given in the AMAR GIR, and considering the variation in GI lab test data for the Mercia Mudstone – III/IV (>10mbgl), the characteristic value from the AMAR GIR was adopted 

instead. 

(10) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill, Glaciofluvial Deposits and Merica Mudstone, the classification used for the strata in the 

AMAR GIR was adopted. 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Earthwork regrade was considered at this location, however due to the requirement of 
additional land take beyond the highway boundary, this solution was not viable. A retaining 
wall is recommended as the earthwork widening solution: 

 

 
 
Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 

 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

GEOTECHNICAL DESIGN CONCLUSIONS 

Start 
Chainage 

End 
Chainage 

King 
Section 

Type 

Retained 
Height 

(m) 

Embedded 
Depth (m) 

Total 
Pile 

Length 
(m) 

Maximum 
Structural 
Degree of 
Utilisation 

(%) 

Global 
Earthwork 
Stability 

Maximum 
Degree of 

Utilisation (%) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 
Moment 
(kN.m/m) 

185130 185220 

AZ-24 
700    

S 390 
GP 

2.0 6.0 8.0 80 66 29.0 118 

185220 185270 

AZ-24 
700    

S 390 
GP 

2.3 7.7 10.0 87 67 37.0 217 

185270 185320 

AZ-24 
700    

S 390 
GP 

2.0 6.0 8.0 80 67 29.0 118 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH-E1-A1.1, Ch185195, Northbound -  10m deep dynamic sample / rotary core 
follow on exploratory hole, located on northbound grass verge.  

 BH-E1-A1.2, Ch185305, Northbound - 10m deep dynamic sample / rotary core follow 
on exploratory hole, located on northbound grass verge.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
  

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 185150-185320NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

SK42NE10, SK42NE11, CP1086

Rev: P01        Date: 16/01/2017 Ref:  HA549342-AMAR-HGT-185150-185320NB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 185150-185320NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

SK42NE10, SK42NE11, CP1086

Rev: P01        Date: 16/01/2017 Ref:  HA549342-AMAR-HGT-185150-185320NB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 185150-185320NB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

SK42NE10, SK42NE11, CP1086

Rev: P01        Date: 23/02/2016 Ref:  HA549342-AMAR-HGT-185150-185320NB-GSS-CE-000001

0

5

10

15

20

25

30

35

40

45

0 100 200 300 400 500 600 700 800 900

E
le

v
a

ti
o

n
 (

m
 A

O
D

)

Uundrained Shear Stength (kN/m2)

Embankment Fill Cu (SPT Conversion)

Glaciofluvial Deposits (fine grained)

Mercia Mudstone - III/IV

Embankment Fill Cu (Quick Undrained Triaxial)

Glaciofluvial Deposits (fine grained) Cu (Quick Undrained Triaxial)

Mercia Mudstone - III/IV Cu (Quick Undrained Triaxial)



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185860-185880-GSS-CE-000001 Page 1 of 15 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 

 
Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-185860-185880NB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 185860-185880 

Carriageway Northbound 

Marker Post 185MP/8A +60 – 185MP/8A +80 

National Grid Reference E 447424, N 328237 – E 447419, N328260 

Existing Ground Level at 
Location 

Carriageway  33.20mAOD 

Toe of 
Embankment 

31.60mAOD 

Earthwork Type NB: Embankment SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_20910 SB: N/A HAGDMS designation   

Earthwork Height NB: 1.60m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 19.00o SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
location. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Granular Wedge at Embankment Crest 1:2.0  

 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that the structure is located on 
an earthwork classified as embankment with heights ranging between 1.2 and 1.6m with an 
approximate slope angle of 19 degrees. 

The critical cross sections (i.e. the cross section with the greatest earthwork height) used is 
Ch185880. 
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Figure 2: Topographic Cross Section Chainage 185880 

Utilities:  

BT Communication service present at approximate chainage 185860 and Culvert at 
approximately 185900. 

Figure 3: Utilities Location Plan 
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Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member – silt and gravel. 

Solid Deposits: Branscombe Mudstone Formation - Mudstone 

Ground Investigation: 

1 No Historical boreholes were undertaken between chainage 185870 and 185890.  

 

 

 

 

 

 

 

 

 

 

Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Closest Borehole 
Number 

SK42NE13  

 Borehole 
Chainage 

185889  

 Borehole Location Northbound Carriageway  

 National Grid 
Reference 

E 447430, N 328260  

 Ground Level at 
Exploratory Hole 

30.40mAOD  

 RAG Analysis Amber  

 Date Drilled 11/08/1961 – 12/08/1961   

 Termination Depth 9.14 metres below ground level (mbgl)  
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(21.26mAOD) 

 

Other suitable 
holes  

None 
 

 

 

 

 

 

Existing Ground Conditions: 

 

The following ground conditions have been assumed based on 
historical Ground Investigation and driven LiDAR survey. 

 

 
 

Stratum 
Depth to 

Base 
(mbgl) 

Depth to 
Base 

(mAOD) 

Embankment Fill  2.95 29.25 

Glaciofluvial Deposits (Fine 
Grained) 

3.17 29.03 

Glaciofluvial Deposits (Coarse 
Grained) 

5.31 26.89 

Mercia Mudstone III/IV  7.74 24.46 

Mercia Mudstone   - 
Sandstone 

>10.94 <21.26 

  
(1) Ground level is assumed to be at carriageway level. 

(2)    Embankment height will vary per location analysed, therefore the above elevation/depth of 

embankment fill may vary. 

(3) Local ground information does not show any made ground between 185870-185890, as borehole 

were likely advanced before the construction of the earthwork. As a result, the Made Ground has 

been assumed to be present as show in in the geological long sections (HA549342-AMAR-HGT-SWI-

DR-CE-000025), as this was likely used to raise the roundabout level. 

(4) Mercia Mudstone – Sandstone encountered in borehole logs from approximately 11mbgl, however 

due to uncertainties in the ground conditions and limited GI data, design will be completed using 

Mercia Mudstone III/IV as a conservative measure. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) was not available at this location. 

Groundwater: 

Groundwater was encountered within exploratory hole SK42NE13 at 1.37mbgl 
(29.03mAOD) and rose to 0.76mbgl (29.64mOAD) within the Glaciofluvial Deposits 
(Fine Grained). 

Groundwater Design Level: 

Limited local groundwater data is available and therefore a design groundwater 
level of 1.0m below toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

3 No. Atterberg Limit tests and 1 No. Moisture Content Test were completed in the 
Glaciofluvial Deposits and Mercia Mudstone layers with the results presented in the table 
below: 
 

Stratum 
Depth 
(mbgl) 

Natural 
Moisture 
Content 
(%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Glaciofluvial 
Deposits 

0.76 28 54 27 27 CH 

Mercia 
Mudstone 

4.11 - 28 20 8 CL 

Mercia 
Mudstone 

5.33 - 23 21 2 ML 

 
 
1 No quick undrained triaxial tests were completed in SK42NE13 within the Mercia 
Mudstone layer: 
 
 

Stratum Depth (mbgl) 

Undrained 
Shear 

Strength 
(kN/m2) 

Mercia 
Mudstone III/IV 

5.33 117 

 
 
 

Lab Test Data – BRE Classification: 

The table below present the chemical testing undertaken within the historical 
exploratory boreholes: 

 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) 

Unit 

Glaciofluvial 
Deposits (Fine 

Grained) 

Water Soluble 
Sulphate as 
SO4 

Water 1 1.00 g/l SO4 

Glaciofluvial 
Deposits (Fine 

Grained) 
pH Water 1 7.00 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. The below table outline the assumed anticipated ground model: 
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Embankment Fill (Made Ground) 0.00 – 2.95 
32.20 – 

29.25 2.95 21 27 0 100 7.8 6.2 - 0.5 0.2 - 

DS-2 

AC-2 

Glaciofluvial Deposits (fine 

grained) 
2.95 – 3.17 

30.40 – 

29.03 1.37 21 26 0 100 7.8 6.2 - 0.5 0.2 - 

DS-3 

AC-3 

Glaciofluvial Deposits (coarse 

grained) 
4.32 – 5.31 

29.03 -  

26.89 2.14 21 38 - - - 19.20 - - 0.25 - 

DS-3 

AC-3 

Mercia Mudstone - III/IV  
6.46 – 

>7.74 

26.89 – 

24.46 2.43 21 30 2 120 10.8 8.60 - 0.5 0.20 - 

DS-2 

AC-2 

 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where data 

was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to limited localised GI data for Embankment Fill, Glaciofluvial Deposits (fine grained), Glaciofluvial Deposits (coarse grained) and Mercia Mudstone - III/IV, the geotechnical parameters derived in the AMAR GIR have been 

adopted for design. 
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(4) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of reliable BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 
 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

Start 
Chainage 

End 
Chainage 

Widening Solution 
Benching Detail 

Base Width (m) Batter Angle (o) 

185860 185880 
Granular Wedge at 

Embankment Crest (1:2.0) 

2.0 26.6 (1V:2H) 

 
 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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No further ground investigation has been proposed for this location. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 
 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185860-185880-GSS-CE-000001 Page 14 of 15 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 
 
 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185860-185880-GSS-CE-000001 Page 15 of 15 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185890-186360NB-GSS-CE-000001 Page 1 of 24 
 UNCONTROLLED IF COPIED OR PRINTED 

 

  

 
Geotechnical Summary Sheet 

Job Name Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document 
Reference 

HA549342-AMAR-HGT-185890-186360-GSS-000001 

Earthworks 
Widening Solution 

King Sheet Pile Retaining Wall 

Earthwork Widening 
Design Chainage 

185890-186360  

Structure Number Gantry 202 

Structure Type Superspan Portal 

Carriageway Northbound 

Marker Post 185/8A +90  – 186/3A +60 
National Grid 
Reference 

E 447419, N 328269 –  
E 447308, N 328650 

Existing Ground 
Level at Structure 
Location / Critical 
Section 

Carriageway 33.31mAOD 

Toe of embankment  31.11mAOD 

Earthwork Type NB: Embankment SB: N/A 
 From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_24418 SB: N/A HAGDMS designation  

Earthwork Height NB: 2.1m SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 21° SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 
 

Approved 
 1 Structure numbers i

HA549342-AMAR-HML-MLC-DR-CH-000025 
  

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
location. Where no local data exists, generalised information for each strata has been taken from 
the AMAR GIR. 
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 DESK STUDY 

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1.1: Location Plan – 185890 - 186000 
 
 

Figure 1.2: Location Plan – 18600 - 186360 
 
 
 

 Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have 
been proposed: 

• King Sheet Pile Retaining Wall: 
o 185890-185950 – Retaining Wall – Maximum Retained Height 2.0m 
o 185950-185990 – Retaining Wall – Maximum Retained Height 2.1m 
o 185990-186040 – Retaining Wall – Maximum Retained Height 2.0m 
o 186040-186090 – Retaining Wall – Maximum Retained Height 2.3m 
o 186090-186230 – Retaining Wall – Maximum Retained Height 2.0m 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185890-186360NB-GSS-CE-000001 Page 3 of 24 
 UNCONTROLLED IF COPIED OR PRINTED 

 

o 186230-186270 – Retaining Wall – Maximum Retained Height 2.5m 
o 186270-186360 – Retaining Wall – Maximum Retained Height 2.0m 

 

Proposed Major Structures:   
A new Superspan Portal Gantry structure (Gantry 202), which is proposed at Ch.186240. 

 Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that the NB side of the 
structure is to be located on an embankment of approximately 2.1m.  

The critical cross sections (i.e. the cross sections with the greatest retained height) used 
is Ch186100 and Ch.186240. 

  

 

 

 

 

 

 

 

 

 
 

Figure 2.1: Topographic Cross Section Chainage 186100 
 

 

 

 

 

 

 

 

 

 

 
Figure 2: Topographic Cross Section Chainage 186240 
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 Utilities:  
There is a water supply pipe 1m back from the NB side of the gantry; however it is out of 
the proposed site boundary 

 

Figure 3: Utilities Plan 

 Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in 
conjunction with BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is 
underlain by: 

Superficial Deposits: Holme Pierrepont Sand and Gravel Member – Sand and Gravel 
(Glaciofluvial Deposits) 

Solid Deposits: Branscombe Mudstone Formation (Mercia Mudstone Group) 

 Ground Investigation: 
There are 3 No. historical exploratory holes recorded within the design chainage, with 
additional 2 no. relevant exploratory holes considered outside the design chainage as 
shown on Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-
000026-27, Rev P01. 
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Figure 4.1: Borehole Location Plan – 185890-186000 

Figure 4.2: Borehole Location Plan – 186000-186360 

 Flood Risk: 
The design flood level is 32.30mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-
YE-000001, Rev P04. 
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Historical Boreholes:               

 Relevant Borehole 
Number 

SK42NE13 CP1090 SK42NE75  

 Borehole Chainage 185889 186015 186127  

 Borehole Location Northbound Southbound Southbound   

 National Grid 
Reference 

E 447430, N 
328260 

E 447432, N 
328391 

E 447433, N 
328508 

 

 Ground Level at 
Exploratory Hole 

30.40mAOD 33.85mAOD 33.80mAOD  

 RAG Analysis Amber Green Amber  

 Date Drilled 11/08/1961 – 
12/08/1961 

23/11/2006 03/02/1988  

 Termination Depth 9.14mbgl 11.39mbgl 3.00mbgl  
 

Other suitable holes  SK42NE419, SK42NE426  
 

  

 Existing Ground Conditions: 
 
The following ground conditions have been assumed based on historical Ground 
Investigation and driven LiDAR survey. 
 
 
 
 
 
 
 
 
 
 
 
 

(1) Ground level is assumed to be at the carriageway level 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

Hand Vane 
Strength 

Range (kN/m2) 

Embankment Fill 4.40 29.00 188 

Glaciofluvial Deposits (coarse 
grained) 8.20 25.20 - 

Mercia Mudstone – III/IV >13.80 <20.00 - 

 In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory hole 
SK42NE75, CP1090 and SK42NE13. 

Hand vane strength testing has been undertaken within exploratory hole SK42NE419 at 
1.0mbgl within the Embankment Fill. 

 Groundwater: 
Groundwater was encountered in SK42NE419 at 2.60mbgl (28.60mAOD).  
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 Groundwater Design Level: 
Limited local groundwater data is available. Therefore a groundwater level of 
32.30mAOD (flood level) has been assumed for WALLAP analysis of the king sheet pile. 
When checking the global stability check of the earthwork and king sheet pile (analysed 
using SLOPE W) a Ru value of 0.2 for has been used for all strata. 
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 GEOTECHNICAL PARAMETERS 

 Lab Test Data - Geotechnical Testing: 
5 No. Atterberg Limit tests and 3 No. Natural Moisture Content tests were completed in 
the Embankment Fill, Glaciofluvial Deposits and Mercia Mudstone, with the results 
presented in the table below: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment 
Fill  2.0 11 15 35 24 CI 

Glaciofluvial 
Deposits 0.8 27 28 54 27 CH 

Mercia 
Mudstone III/IV 4.1 20 - 28 8 CL 

Mercia 
Mudstone III/IV 5.3 21 - 23 2 ML 

Mercia 
Mudstone III/IV 10.5 9 11 23 14 CL 

 

2 No quick undrained traxial tests were completed in the Embankment Fill and Mercia 
Mudstone with the following results: 

Stratum Depth (mbgl) 
Undrained 

Shear 
Strength 
(kN/m2) 

Embankment Fill  1.5 147 
Mercia 

Mudstone III/IV 5.3 117 

 

 

Lab Test Data – BRE Classification: 
The table below presents the chemical test data undertaken within the exploratory 
boreholes: 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) 

Unit 

Glaciofluvial 
Deposits 

Water Soluble 
Sulphate as 
SO4 

Water 1 1.0 g/l SO4 

Glaciofluvial 
Deposits 

pH Solid 1 7.0 - 
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Assumed Ground Model For Design: 
Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01.  

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 

St
ra

tu
m

 

D
ep

th
 (m

 b
gl

) 

D
ep

th
 (m

 A
O

D
) 

Th
ic

kn
es

s 
(m

) 

B
ul

k 
D

en
si

ty
 γ

b 
(k

N
/m

3)
 

Fr
ic

tio
n 

A
ng

le
 φ

’ (
°)

 

C
oh

es
io

n 
c’

 (k
N

/m
2 ) 

U
nd

ra
in

ed
 S

he
ar

 
St

re
ng

th
 c

u 
(k

N
/m

2 ) 

Young’s Modulus 
(MN/m2) Poisson’s Ratio 

Sh
ea

r M
od

ul
us

 (M
N

/m
2 ) 

A
dh

es
io

n 
Fa

ct
or

 α
 

K
s/K

0 

N
c 

N
q 

B
R

E 
C

la
ss

ifi
ca

tio
n 

Eu E’ E Vu ν’ ν 

Embankment Fill 0-4.37 
33.37-
29.00 4.37 21 27 0 100 7.8 6.2 - 0.50 0.20 - 2.6 0.45 6.2* - - 

DS-2 
AC-2 

Glaciofluvial 
Deposits (coarse 

grained) 

4.37-
8.17 

29.00-
25.20 3.80 21 38 - - - 19.2 - - 0.25 - 8.0 - - 1.0 50 

DS-3 
AC-3 

Mercia Mudstone 
– III/IV (<10m bgl) 

8.17-
10.00 

25.20-
23.37 1.83 21 30 2 100 10.8 8.6 - 0.50 0.20 - 3.6 0.45 9 - - 

DS-2 
AC-2 

Mercia Mudstone 
– III/IV (>10m bgl) 

10.00-
>13.77 

23.37-
<20.00 >3.37 21 30 2 100 16.8 13.4 - 0.50 0.20 - 5.6 0.45 9 - - 

DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Stratum types and depths are inferred from the geological long section HA549342-AMR-HGT-SWI-DR-GC-000027 
(3) Due to limited localised GI data, typical values for bulk density, friction angle, cohesion, undrained shear strength, Young’s modulus and Poisson’s ratio derived in the AMAR GIR are used. 
(4) Shear modulus is based on G = E/2(1+v). 
(5) Adhesion factor for Embankment fill is based on BS8004 (equation 41). 
(6) Nc is based on CIRIA C570. *Nc increases to ‘9’ from 3.6m bgl. Embankment Fill is assumed to comprise reworked Mercia Mudstone. 
(7) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10).  
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(8) Nq is based on relationship with ϕ’ as shown in Tomlinson (Figure 7.10). 
(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all Mercia Mudstone III/IV and Embankment Fill, and due to lack of reliable data for Glaciofluvial Deposits, 

the classification used for the strata in the AMAR GIR was adopted. 

 

 

 

Imported Granular Fill (Class 6N) was used as backfill in the design of king sheet pile walls; the granular material was assumed to have the following 
properties:  
 

 

 

 

 

 

 

 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5.1: Geological Long Section – 185890-186000 
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Figure 5.2: Geological Long Section – 186000-186360 
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GEOTECHNICAL DESIGN CONCLUSIONS 
Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to encroachment on to the 
flood plain, this solution was not viable. A retaining wall is recommended as the earthwork 
widening solution: 
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185890 185950 
AZ-24  

S 390 GP 
2.0 4.5 6.5 89 38 24 59 

185950 185990 
AZ-24  

S 390 GP 
2.1 4.4 6.5 89 38 24 59 

185990 186040 
AZ-24  

S 390 GP 
2.0 4.5 6.5 89 38 24 59 

186040 186090 
AZ-24  

S 390 GP 
2.3 5.2 7.5 89 21 35 95 

186090 186230 
AZ-24  

S 390 GP 
2.0 4.5 6.5 89 38 24 59 

186230 186270 
AZ-24  

S 390 GP 
2.5 5.0 7.5 89 21 35 95 

186270 186360 
AZ-24  

S 390 GP 
2.0 4.5 6.5 89 38 24 59 

 
Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
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Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 
Pile Working 

Load (kN) 

3  

(1 x 3) 
900 15.5 2.70 11 805 677 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

• CPT-04 at chainage 186057, Northbound  - CPT to a scheduled depth of 5m bgl. 
• BH-G202A at chainage 186240, Northbound, dynamic sample with rotary follow to 

19m bgl. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FURTHER GROUND INVESTIGATION 
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HISTOICAL EXPLORATORY HOLES 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185890-186360NB-GSS-CE-000001 Page 17 of 24 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 
 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185890-186360NB-GSS-CE-000001 Page 18 of 24 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 
 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185890-186360NB-GSS-CE-000001 Page 19 of 24 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 
 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185890-186360NB-GSS-CE-000001 Page 20 of 24 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185890-186360NB-GSS-CE-000001 Page 21 of 24 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 
 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185890-186360NB-GSS-CE-000001 Page 22 of 24 
 UNCONTROLLED IF COPIED OR PRINTED 

 

PLOTS 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
location. Where no local data exists, generalised information for each strata has been taken from 
the AMAR GIR. 
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DESK STUDY 

 
 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening:   

To accommodate the earthworks widening for this location a king sheet pile retaining wall 
is proposed. 

 

Proposed Major Structure:   

A Super Cantilever Gantry to be installed on the northbound carriageway incorporating a 
new MS4 and AMI at chainage 186517. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130) has been supplied to AMAR indicating that the northbound side of 
the structure is to be located on an embankment of approximately 3.5m in height and a 
typical slope angle of 18°.  

The critical cross section used is at Ch186530 because at this location the retained height 
and embankment height is greatest. 
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Figure 2: Topographic Critical Cross Section Ch186530 

Utilities:  

High Voltage Weston Power Overhead conductors run East-West about 80m South of the 
gantry location.  

The proposed position of the Gantry 204 is in close proximity to the Lockington Brook 
West Culvert (C22076), it is as yet unknown the exact location of this culvert as it passes 
beneath the road. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 
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Superficial Deposits: Holme Pierrepont Sand and Gravel Member (Glaciofluvial 
Deposits) 

Solid Deposits: Branscombe Mudstone Formation (Mercia Mudstone Group) 

Ground Investigation: 

There is 1 No. historical exploratory holes recorded within the design chainage, with 
additional 8 no. relevant exploratory holes considered outside the design chainage as 
shown on Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-
000027, Rev P01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Borehole Location Plan 

Flood Risk: 

The design flood level is 32.30mAOD. Baseline flood levels were provided by BWB Consulting 
and are detailed within the Environmental Study Report by AMAR: Document Ref HA549342-
AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes:               

 Relevant Borehole 
Number 

SK42NE386  

 Borehole Chainage 186552  

 Borehole Location Northbound Carriageway  

 National Grid 
Reference 

E 447223, N 328888  

 Ground Level at 
Exploratory Hole 

30.84mAOD  
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 RAG Analysis Green  

 Date Drilled 10/06/1992 - 19/06/1992  

 

Termination Depth 25.40 metres below ground level (mbgl) 
 

 

Other suitable holes  SK42NE383,  SK42NE384, SK42NE385,  SK42NE387, 
SK42NE388, SK42NE399, SK42NE400, SK42NE401  

 

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 

 
 
 
 
 
 
 
 
 
 
 

1. Ground level is assumed to be at carriageway level. 

2. Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

3. SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

4. Embankment Fill (coarse grained) was recorded in 1 No. historical exploratory hole (SK42NE388), but not within the closer ones, 

therefore has been omitted from the ground model. Any in situ or lab data for Embankment Fill (coarse grained) was not used for 

derivation of geotechnical parameters for Embankment Fill . 

5. Mercia Mudstone – I/II, Mercia Mudstone – Siltstone and Mercia Mudstone – Sandstone were recorded in historical exploratory 

holes within 100m of the location extents. However, given the absence of GI data inside the location extents and that these strata 

are encountered at depth (>15mbgl), a conservative assumption of Mercia Mudstone – III/IV at continuous depth is used. In situ or 

laboratory data from Mercia Mudstone – I/II, Mercia Mudstone – Siltstone or Mercia Mudstone – Sandstone was not used to derive 

geotechnical parameters for Mercia Mudstone – III/IV (e.g. SPTs were not used). 

 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range 

Embankment Fill 3.5 29.7 7-66 (30) 

Glaciofluvial Deposits (coarse 
grained) 

8.0 25.2 13-150
3
 (35) 

Mercia Mudstone – III/IV - - 31-150 (50) 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within all historical exploratory holes 
mentioned above. 

Groundwater: 

Groundwater was encountered in the following boreholes: 

 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

SK42NE383 River Terrace 
Deposits 

2.55 29.84 20 mins 2.05 30.34 

SK42NE384 Glaciofluvial 
Deposits 

1.50 29.01 20 mins 1.40 29.11 

SK42NE385 Embankment Fill 4.50 28.96 20 mins 4.38 29.08 

SK42NE387 Glaciofluvial 
Deposits 

3.60 28.41 20 mins 3.40 28.61 

SK42NE388 Made Ground – 
Sand and Gravel 

4.65 28.60 20 mins 4.40 28.85 

SK42NE399 Embankment Fill 4.50 29.30 20 mins - - 

SK42NE401 Glaciofluvial 
Deposits 

1.70 28.63 - - - 
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Groundwater Design Level: 

A groundwater level of 32.30mAOD (flood level) has been assumed for WALLAP analysis of the 
king sheet pile. When checking the global stability check of the earthwork and king sheet pile 
(analysed using SLOPE W) a Ru value of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

10 No. Atterberg Limit tests, 10 No. Natural Moisture Content tests were suitable for derivation 
of geotechnical parameters for the chosen ground model. The results of these tests are 
presented in the table below: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class* 

Embankment Fill 1.2 14 35 19 16 CI 

Embankment Fill 3.7 10 28 19 9 CL 

Embankment Fill  1.2 18 36 14 22 CI 

Embankment Fill 1 17 49 28 21 MI 

Embankment Fill 1.5 2 35 14 21 CI 

Embankment Fill 2 12.5 33 14 19 CL 

Embankment Fill 3 12 33 16 17 CL 

Embankment Fill 3.5 9 28 16 12 CL 

Embankment Fill 4 9 33 15 18 CL 

Mercia Mudstone – 
III/IV 

5.8 23 28 16 12 CL 

 

2 No. Traixial Tests were undertaken within the Embankment Fill with the following results: 

 

 

 

 

 

 

 

 

 

 

 

Stratum Depth (mbgl) 
Undrained 

Shear Strength 
(kN/m

2
) 

Embankment Fill 0.8 22 

Embankment Fill 1.2 153 

Lab Test Data - BRE Classification: 

No chemical laboratory testing data was available for this structure location. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000027 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground 
Investigation: 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0-3.5 33.2-29.7 3.5 21 26 0 100 10.8 8.6 - 0.50 0.20 - 3.60 0.45 - 6.2* 

- DS-2 

AC-2 

Glaciofluvial 

Deposits (coarse 

grained) 

3.5-8.0 29.7-25.2 4.5 21 37 - - - 49.2 - - 0.25 - 19.70 - 1.0 - 

50 DS-3 

AC-3 

Mercia Mudstone – 

III/IV 
>8.0 <25.2 - 21 30 2 200 16.8 13.4 - 0.50 0.20 - 5.60 0.40 - 9.0 

- DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths are inferred from the geological long section HA549342-AMR-HGT-SWI-DR-GC-000027 

(3) Due to limited localised GI data, typical values for bulk density, cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 

(4) cu of Embankment Fill was derived using the Stroud correlation. A typical PI of 17% gives an f1 value of 6.0, combined with a typical SPT ‘N’ value of 30, this gives a typical cu of 165kN/m
2
. The cu values from triaxial test were 

75 and 153kN/m
2
. A typical cu value of 100kN/m

2
 was considered suitable as a conservative measure. 

(5) ϕ' of Embankment Fill was determined using Table 2 in BS8002:2015 using typical PI of 17% gives 26°. 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 30, Eu = 10.8MN/m
2
. Therefore E’ = 

8.6MN/m
2
. 

(7) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using correlation with SPT ‘N’ values (Peck 1974). Using a typical ‘N’ value of 35 gives an angle of 37°. 

(8) E’ of Glaciofluvial Deposits (coarse grained) was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 35) gives a value of 49.2MN/m
2
. 

(9) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. In the absence of sufficient PI data, the typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) was adopted; combined with a typical SPT ‘N’ value of 

50, this gives a cu of 250kN/m
2
. This value exceeds the range given in the AMAR GIR; therefore the upper bound of the range was adopted. 
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(10) In the absence of sufficient local PI data for Mercia Mudstone – III/IV, ϕ' was taken as the characteristic value given in the AMAR GIR. 

(11) Eu for Mercia Mudstone – III/IV was derived using SPT ‘N’ values (Bowles) where Eu = 300 (N+6); using a characteristic SPT ‘N’ value of 50 gives Eu = 16.8MN/m
2
. E’ of Mercia Mudstone – III/IV was derived using the 

relationship given by Wroth, 1972 where E’=2/3(1+v’)Eu. 

(12) Shear modulus is based on G = E/2(1+v). 

(13) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 

(14) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  

(15) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(16) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 

(17) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 

 

 

Imported Granular Fill (Class 6N) was used as backfill in the design of sheet piles in embankments; the granular material was assumed to have the 
following properties: 

 

 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 

Proposed Earthwork Widening Solution: 

Earthwork regrade was considered at this location, however due to it encroaching on the 
flood plain, this solution was not viable. A retaining wall is recommended as the earthwork 
widening solution: 

 

S
ta

rt
 C

h
a

in
a
g

e
 

E
n

d
 C

h
a

in
a
g

e
 

K
in

g
 S

e
c
ti

o
n

 T
y

p
e
  

R
e
ta

in
e

d
 H

e
ig

h
t 

(m
) 

E
m

b
e

d
d

e
d

 D
e

p
th

 (
m

) 

T
o

ta
l 
P

il
e
 L

e
n

g
th

 (
m

) 

M
a

x
im

u
m

 S
tr

u
c

tu
ra

l 

D
e
g

re
e
 o

f 
U

ti
li

s
a
ti

o
n

 (
%

) 

G
lo

b
a
l 
E

a
rt

h
w

o
rk

 S
ta

b
il
it

y
 

M
a

x
im

u
m

 D
e
g

re
e
 o

f 

U
ti

li
s
a
ti

o
n

 (
%

) 

M
a

x
im

u
m

 D
e
fl

e
c
ti

o
n

 (
m

m
) 

M
a

x
im

u
m

 B
e
n

d
in

g
 

M
o

m
e
n

t 
(k

N
.m

/m
) 

186500 186530 AZ-24 

700 

S390 

GP 

1.9 4.1 6.0 87 37 10 47 

 

Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 
 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2x2) 
900 19 2.7 11 471 1476 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH-G204 at chainage 186517, 24m deep dynamic sample / rotary core follow on 
exploratory hole, located in southbound existing hardstrip.   

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 186510-186530NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

SK42NE383, SK42NE384, SK42NE385, SK42NE386, SK42NE387, SK42NE388, SK42NE399, SK42NE400, SK42NE401

Rev: P01        Date: 25/01/2017 Ref:  HA549342-AMAR-HGT-186510-186530NB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 186510-186530NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

SK42NE385,SK42NE387, SK42NE388, SK42NE399, SK42NE400

Rev: P01        Date: 25/01/2017 Ref:  HA549342-AMAR-HGT-186510-186530NB-GSS-CE-000001

CL

ML

MI

MHCI

CH MV

CV

ME

CE

0

10

20

30

40

50

60

70

0 10 20 30 40 50 60 70 80 90 100 110 120

P
la

s
ti

c
it

y
 I

n
d

e
x
(%

)

Liquid Limit (%)

Embankment Fill Mercia Mudstone - III/IV



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-186500-186530-GSS-CE-000001 Page 37 of 37 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 186510-186530NB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

SK42NE383, SK42NE384, SK42NE385, SK42NE386, SK42NE387, SK42NE388, SK42NE399, SK42NE400, SK42NE401

Rev: P01        Date: 25/01/2017 Ref:  HA549342-AMAR-HGT-186510-186530NB-GSS-CE-000001
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-186680-186760-GSS-000001 

Earthwork Widening 
Solution 

Full Height Embankment Widening (1:2.0) 

Structure Number E2-A1 

Structure Type Emergency Refuge Area (ERA) 

Design Chainage 186680 - 186760 

Carriageway Northbound 

Marker Post 186MP /6A +80 – 186MP / 7A +60 

National Grid Reference E 447186, N 329011 – E 447165, N 329090 

Existing Ground Level at 
Location 

Carriageway  33.64 – 35.36 mAOD 

Toe of 
Embankment 

30.42 – 31.32 mAOD 

Earthwork Type 
NB: 
Embankment 

SB: N/A  HAGDMS designation  

Earthwork Number 
NB: 
7_M1_22155 

SB: N/A HAGDMS designation   

Earthwork Height 
NB: 3.22m – 
4.04m 

SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 19.00o SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

 

1
 Structure numbers in accordance with Drawing Sequence HA549342-AMAR-HML-MLC-DR-CH-000001 to 

HA549342-AMAR-HML-MLC-DR-CH-000025 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
location. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Embankment Widening at 1 in 2 gradient due to verge widening. 

Proposed Major Structures:   

Emergency Refuge Area (ERA) E2-A1 is proposed on the northobound carriageway 
between chainage 186645 and 186755. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that the structure is located on 
an earthwork classified as embankment with heights ranging between 2.90 and 4.0m with  
an typical slope angle of 19 degrees 

Two cross sections were considered when completing the design of the embankment 
widening. Cross section at ch 186680 was used as the maximum verge widening width of 
approximately 6.5m was recorded at this location. This was combined with the cross section 
at ch.186760, which shows an embankment with a height of 4.0m. 

Design was completed to ensure the worst case scenarios were considered.  Figure 2 and 3 
present the cross sections used for design. 
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Figure 2.1: Topographic Cross Section Chainage 186680 

 

 

Figure 2.2: Topographic Cross Section Chainage 186760 
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Utilities:  

National Grid High Voltage overhead power line  are running between ch.186675 and 
186680 as illustrated in Figure 4 below. Refer to HA549342-AMAR-VUT-MLC-DR-CU-
000005 for further information. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities Location Plan  

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member – silt and gravel / Holme Pierrepont Sand and 
Gravel Member – Sand and Gravel. 

Solid Deposits: Branscombe Mudstone Formation - Mudstone 

Ground Investigation: 

There is 1 No. historical exploratory holes recorded within the design chainage, with 
additional 1 no. relevant exploratory holes considered outside the design chainage as shown 
on Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev 
P01. 
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Figure 4: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant 
Borehole Number 

SK42NE397 SK42NE398  

 Borehole 
Chainage 

186675 186747  

 Borehole 
Location 

Southbound Southbound  

 National Grid 
Reference 

E 447226, N 
329018 

E 447228, N 329095  

 Ground Level at 
Exploratory Hole 

33.65mAOD 30.78mAOD  

 RAG Analysis Amber Amber  

 Date Drilled 12/06/1992  23/06/1992 – 
24/06/1992 

 

 Termination 
Depth 

10.00 metres below 
ground level (mbgl) 
(23.65mAOD) 

10.10 metres below 
ground level (mbgl) 
(20.68mAOD) 

 

 

Other suitable 
holes  

None 
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Existing Ground Conditions:  
 

The following ground conditions have been assumed based on historical 
Ground Investigation and driven LiDAR survey. 

 

 
 

Stratum 
Depth to 

Base 
(mbgl) 

Depth to 
Base 

(mAOD) 

SPT ‘N’ 
Value 

Range* 

Embankment Fill  4.90 30.46 15-16 (15) 

River Terrace Deposits  9.48 25.88 15-68 (23) 

Mercia Mudstone III/IV  >11.08 24.28 
21-146 (21  

93) 
(3) 

(1) Ground level is assumed to be at the carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill 

may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 2 Characteristic SPT ‘N’ Values 

specified for Mercia Mudstone as strength increases from 11.1mbgl. Refer to assumed ground model for 

design for further details. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone – III/IV has been used in the ground 

model. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) was undertaken in boreholes SK42NE397 
and SK42NE398. 

Groundwater: 

Groundwater was encountered in SK42NE397 at 4.40mbgl (29.25mAOD) and 
rose to 4.05mbgl (29.60mOAD). 

Groundwater Design Level: 

Due to limited local groundwater data available, a design groundwater level of 
1.0m below toe of embankment has been assumed for the design. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

4 No. Atterberg Limit tests and 7 No moisture content tests were completed in the 
Embankment Fill, River Terrace Deposits and Mercia Mudstone layers with the results 
presented in the table below: 
 

Stratum 
Depth 
(mbgl) 

Natural 
Moisture 
Content 

(%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment 
Fill 

0.5 19 33 16 17 CL 

Embankment 
Fill 

1.0 12 36 18 18 CI 

Embankment 
Fill 

1.5 18 - - - - 

Embankment 
Fill 

1.6 18 33 15 18 CL 

River 
Terrace 
Deposits 

1.6 7 23 14 9 CL 

Mercia 
Mudstone 

III/IV 
8.6 23 - - - - 

Mercia 
Mudstone 

III/IV 
9.2 13 - - - - 

 
1 No quick undrained triaxial tests were completed in SK42NE397 within the Mercia 
Mudstone layer: 
 
 

Stratum Depth (mbgl) 

Undrained 
Shear 

Strength 
(kN/m

2
) 

Mercia 
Mudstone III/IV 

8.6 65 

 
 
 
 

Lab Test Data – BRE Classification: 

No chemical testing was undertaken between these locations. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Eu E’ E Vu ν’ ν 

Embankment Fill (Made 

Ground) 
0.00 – 4.90 

35.36 – 

30.46 4.90 21 26 0 87 6.3 5.0 - 0.5 0.2 - 
DS-2 

AC-2 

River Terrace Deposits 4.90 – 9.48 
30.46 – 

25.88 4.58 21 34 - - -  - - 0.25 - 
DS-3 

AC-3 

Mercia Mudstone  III/IV 

(<10mbgl) 
9.48 – 11.08 

25.88 – 

24.28 1.60 21 30 2 105 8.6 6.48 - 0.5 0.20 - 
DS-2 

AC-2 

Mercia Mudstone (>10mbgl) >11.08 <24.28 - 21 30 2 200 71.28 23.76 - - - 0.20 
DS-2 

AC-2 

 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 

(where data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) ϕ' of Embankment Fill was determined using Table 2 in BS8002:2015 using typical PI of 17% gives 26°. 
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(4) cu of Embankment Fill was derived using the Stroud correlation. A typical PI of 17% gives an f1 value of 5.8, combined with a typical SPT ‘N’ value of 15, this gives a typical cu of 87kN/m
2
.  

(5) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 15, Eu = 6.3MN/m
2
. Therefore E’ = 

5.04MN/m
2
. 

 

(6) ϕ' of River Terrace Deposits was determined using correlation with SPT ‘N’ values (Peck 1974). Using a typical ‘N’ value of 23 gives an angle of 34°. 

(7) E’ of River Terrace Deposits was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 23) gives a value of 34.8MN/m
2
. 

(8) cu of Mercia Mudstone – III/IV (<10mbgl) was derived using the Stroud correlation. In the absence of sufficient PI data, the typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) was adopted; combined with a 
typical SPT ‘N’ value of 21, this gives a cu of 105kN/m2.  

(9) ϕ' of Mercia Mudstone  was adopted from the AMAR GIR due to lack of data present within this layer. 

(10) Eu for Mercia Mudstone – III/IV (<10mbgl) was derived using SPT ‘N’ values (Bowles) where Eu = 300 (N+6); using a characteristic SPT ‘N’ value of 21 gives Eu = 8.1MN/m
2
. E’ of Mercia Mudstone – III/IV was 

derived using the relationship given by Wroth, 1972 where E’=2/3(1+v’)Eu.- therefore E’ = 6.48MN/m
2
 

(11) Eu for Mercia Mudstone – III/IV (>10mbgl) was derived using SPT ‘N’ values (Bowles) where Eu = 300 (N+6); using a characteristic SPT ‘N’ value of 93 gives Eu = 29.7MN/m
2
. E’ of Mercia Mudstone – III/IV was 

derived using the relationship given by Wroth, 1972 where E’=2/3(1+v’)Eu.- therefore E’ = 23.76MN/m
2
 

(12) cu of Mercia Mudstone – III/IV (>10mbgl) was derived using the Stroud correlation. In the absence of sufficient PI data, the typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) was adopted; combined with a 
typical SPT ‘N’ value of 93, this gives a cu of 465 kN/m2. This is outside the range in the GIR so the upper limit of 200kN/m

2
 has been adopted. 

(13) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 
 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

. 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution 
Benching Detail 

Base Width (m) Batter Angle (o) 

186680 186760 
Full Height Embankment 

Widening (1:2.0) 

3.2 26.6 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH – E2-A1.1 at chainage 186645, Northbound – Dynamic sample up to a maximum 
depth of 5.0m bgl. 

 

 BH – E2-A1.2 at chainage 186755, Nortbound – Dynamic sample up to a maximum 
depth of 5.0m bgl. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference 
HA549342-AMAR-HGT-187180-187940NB-GSS-
000001 

Earthwork Widening Solution Granular Wedge at Embankment Crest (1:2.0) 

Structure Gantry 304  

Structure Type Superspan Cantilever Gantry 

Design Chainage 187180 - 187940 

Carriageway Northbound 

Marker Post 187MP /1A +80 – 187MP / 9A +40 

National Grid Reference E 447026, N 329505 – E 446797 N 330208 

Existing Ground Level at 
Location 

Carriageway  38.54 – 33.10 mAOD 

Toe of 
Embankment 

30.37 – 30.77 mAOD 

Earthwork Type NB: Embankment SB: N/A  HAGDMS designation  

Earthwork Number 
NB: 7_M1_24434 
& 7_M1_54198 

SB: N/A HAGDMS designation   

Earthwork Height 
NB: 2.33m – 
8.17m 

SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 20o SB: N/A  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in accordance with Drawing Sequence HA549342-AMAR-HML-MLC-DR-CH-000001 to 

HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from 
the AMAR GIR. 
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DESK STUDY 

 

 

 
 

 
Figure 1.1: Location Plan 187180-187800 

 

 
 
Figure 1.2: Location Plan 187800-187940 

 
 

Proposed Earthworks Widening:  

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 187180-187250 – Granular Wedge at Embankment Crest 
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 187350-187380 - Granular Wedge at Embankment Crest 

 187550-187860 – Granular Wedge at Embankment Crest 

 187930-187940 – Granular Wedge at Embankment Crest 

Proposed Major Structures: 

A Superspan Cantilever Gantry (304) is proposed at Chainage 187650. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating an earthwork classified as 
embankment with heights ranging between 2.3m and 8.2m with a typical slope angle of 20 
degrees. 

The critical cross sections (i.e. the cross section with the greatest earthwork height) used is 
Ch187220, Ch.187860 and Ch.187940. 

4 critical cross sections were selected to complete the design of the granular wedge due to 
the varying embankment heights and flood levels between the above chainages. 

187190-187250 (187220) 

 

Figure 2.1: Topographic Cross Section Chainage 187220 
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187350-187380 (187370) 

 

Figure 2.2: Topographic Cross Section Chainage 187370 

 

 

187550-187860 (187860) 

 

Figure 2.3: Topographic Cross Section Chainage 187860 

 

 

 

 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-187180-187940-GSS-CE-000001 Page 5 of 25 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 

187930-187940 (187940) 

 

Figure 2.44: Topographic Cross Section Chainage 187930 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemmington Member – Silt and Gravel. 

Solid Deposits: Branscombe Mudstone Formation – Mudstone / Edwalton Member – 
Mudstone 

Ground Investigation: 

There are 3 No. historical exploratory holes recorded within the design chainage, with 1 No. 
relevant exploratory hole considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HCT-SWI-DR-CE-000028, Rev P01. 
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Figure 5.1: Borehole Location Plan 187200-187800 

 

 

Figure 5.2: Borehole Location Plan 187800-188020 

 

Flood Risk: 

Flood levels have been broken down per earthwork and are presented below; 

Start Chainage End Chainage Flood Level (mAOD) 

187190 187250 30.85 – 30.89 

187550 187860 31.11 – 31.35 

187930 187940 31.34 
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Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04. 

 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1096 NWHM1 CP1097 

 Borehole Chainage 187290 1874526 

 

188015 

 Borehole Location Northbound Northbound Northbound 

 National Grid 
Reference 

E 447000, 
N 329591 

E 446930, N 
329816 

E 446777, N 
330281 

 Ground Level at 
Exploratory Hole 

36.70mAOD 34.20mAOD 35.95mAOD 

 RAG Analysis Green Amber Green 

 Date Drilled 17/10/2006 
- 
18/10/2006  

16/09/1999 
– 
19/09/1999  

19/10/2006 

 Termination Depth 17.21 
metres 
below 
ground level 
(mbgl)  

6.00 metres 
below 
ground level 
(mbgl)  

14.22 metres 
below ground 
level (mbgl) 

 

Other suitable holes  TP1095 

 

 

 

 

 

  

Existing Ground Conditions: 

The following ground conditions are assumed based on previous GI data and 
driven LIDAR Survey  

 
 

Stratum 
Depth to 

Base 
(mbgl) 

Depth to 
Base 

(mAOD) 

SPT ‘N’ 
Value 
Range 

Embankment Fill / Made 
Ground 

8.17 30.37 9-79 (14) 

Glaciofluvial Deposits  14.04 24.50 33-136 (33) 

Mercia Mudstone -  III/IV Not Proven Not Proven 39-143 (39)  

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Mercia Mudstone Siltstone was encountered in the historical exploratory boreholes. Given the uncertainties on ground 
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conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

In Situ Testing: 

Standard Penetration Tests (SPT’s) was undertaken in boreholes NWHM1, 
CP1096 and CP1097. 

Groundwater: 

No ground water was encountered within the exploratory boreholes. 

Groundwater Design Level: 

No local groundwater is available therefore design groundwater level at the Flood 
Risk Level has been assumed within the embankment, with the piezomteric line 
drawing down to ground level at the toe of the embankment. The table below 
presents the values used during design: 

Start Chainage End Chainage Flood Level (mAOD) 

187190 187250 30.89 

187550 187860 31.35 

187930 187940 31.34 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

4 No. Atterberg Limit tests and 4 No moisture content tests were completed in the 
Embankment Fill and Mercia Mudstone layers with the results presented in the table below: 
 

Stratum 

Depth to 
Top of 
Test 

(mbgl) 

Moisture 
Content 

(%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Classification 

Embankment 
Fill 

3.7 19 37 20 17 CI 

Embankment 
Fill 

3.7 17 36 18 18 CI 

Alluvium* 7.2 41 58 37 21 MH 

Mercia 
Mudstone - 

Siltstone 
13.5 34 39 31 8 MI 

 
*Alluvium was encountered in CP1097 which is located approximately 75m from the extents of the earthwork, and is not present within any of the 
borehole. As a result, this band of alluvium is not considered to be part of the ground model between 187190 and 197940. 
 

4 No quick undrained triaxial tests were completed in the Embankment Fill/Mercia 
Mudstone layers with the following results: 
 
 
 Stratum Depth (mbgl) 

Undrained 
Shear 
Strength 
(kN/m

2
) 

Embankment Fill 1.2 110 

Embankment Fill 3.2 44 

Embankment Fill 3.2 63 

Mercia Mudstone 13.0 174 

Lab Test Data – BRE Classification: 

The Table below presents a summary of the BRE Test results: 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) 

Unit 

Embankment 
Fill 

Sulphate  Water 2 0.01-0.09 g/l 

Embankment 
Fill 

pH Water 2 7.14-7.63 - 

Glaciofluvial 
Deposits 

Sulphate  Water 2 490-590 mg/l 
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Glaciofluvial 
Deposits 

pH Water 4 7.63-8.25 - 

Alluvium pH Water 2 7.14-8.31 - 

Alluvium Sulphate Water 2 410-810 mg/l 
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Assumed Ground Model For Design : 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002.  

The below table outline the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Validation Ground 
Investigation: 
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Eu E’ E Vu ν’ ν 

Embankment 

Fill (Made 

Ground) 

0.00 – 8.17 
38.54 – 

30.37 8.17 21 27 0 81 6.0 4.80 - 0.5 0.20 - 

 

2.0 0.54 - 6.2* - 
DS-2 

AC-2 

Glaciofluvial 

Deposits 

8.17 – 

14.04 

30.37 – 

24.5 5.87 21 37 - - - 46.80 - - 0.25 - 

 

18.72 - 1.0 - 50 
DS-3 

AC-3 

Mercia 

Mudstone – 

III/IV(>10mbgl) 

>14.04 <24.50 - 21 30 2 200 16.8 13.4 - 0.5 0.2 - 

 

31.25 0.14 - 9.0 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) ϕ' of Embankment Fill was determined using Table 2 in BS8002:2015 using typical PI of 18% gives 27°. 

(4) cu of Embankment Fill was derived using the Stroud correlation. A typical PI of 18% gives an f1 value of 5.8, combined with a typical SPT ‘N’ value of 14, this gives a typical cu of 81kN/m
2
.  

(5) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 14, Eu = 3.9MN/m
2
. Therefore E’ = 

5.04MN/m
2
. 

(6) ϕ' of River Terrace Deposits was determined using correlation with SPT ‘N’ values (Peck 1974). Using a typical ‘N’ value of 33 gives an angle of 37°. 



  

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-187180-187940-GSS-CE-000001 Page 12 of 25 

 UNCONTROLLED IF COPIED OR PRINTED 

 

(7) E’ of River Terrace Deposits was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 33) gives a value of 46.80MN/m
2
. 

(8) Due to limited data present  geotechnical parameters of Mercia Mudstone  III/IV (>10mbgl) was based on values derived in the AMAR GIR 

(9) Shear modulus is based on G = E/2(1+v). 

(10) Adhesion factor is based on BS8004 (equation 41). Note, Adhesion factor for Mercia Mudstone Siltstone is based on assumed Cu value of 200kN/m
2
. 

(11) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(12) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl. Embankment Fill is assumed to comprise reworked Mercia Mudstone. 

(13) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). 

(14) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Mercia Mudstone III/IV, the classification used for the strata in the AMAR GIR was adopted. 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 6.1: Geological Long Section 187190-187800 
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Figure 6.2: Geological Long Section 187800-187940 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 
 

Start Chainage End Chainage Widening Solution 
Benching Detail 

Base Width (m) Batter Angle (o) 

187190 187250 
Granular Wedge at 

Embankment Crest (1:2.0) 
5.0 26.6 

187350 187380 
Granular Wedge at 

Embankment Crest (1:2.0) 
2.5 26.6 

187550 187790 
Granular Wedge at 

Embankment Crest (1:2.0) 
4.5 45 

187930 187940 
Granular Wedge at 

Embankment Crest (1:2.0) 
2.1 26.6 

 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 
 
 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2x2) 
900 12.5 2.7 10 460 1517 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 

 BH-R-FTNB2_600y at chainage 187368, northbound, dynamic sample with rotary 
follow on to 11m bgl; 
CPT-05 at chainage 187551, northbound, CPT to 6mbgl; 
BH-G304 at change 187650, northbound, dynamic sample with rotary follow to 18m 
bgl; 

 CPT-06 at chainage 187767, northbound CPT to 6mbgl 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-188520-188550NB-GSS-000001 

Earthworks Widening 

Solution 
King Sheet Pile Retaining Wall 

Structure Number GANTRY_307  

Structure Type MS4 Cantilever Gantry +CCTV 

Design Chainage 188520 – 188550 

Carriageway Northbound 

Marker Post 188/5A+20A – 188/5+50A 

National Grid Reference E 446617, N 330761 – E 446610, N 330788 

Existing Ground Level 

at Structure Location 
38.5mAOD 

Earthwork Type NB: Embankment  SB: N/A  HAGDMS designation 

Earthwork Number NB: 7_M1_24431 SB: N/A HAGDMS designation  

Earthwork Height NB: 8.4m SB: N/A  
From Lidar Survey TMM_M1_Jct_24-

25_Rev0_20150130 

Earthwork Angle NB: 18° SB: N/A 
From Lidar Survey TMM_M1_Jct_24-

25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in accordan

HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location.  

Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch185520-188550, King Sheet Pile Retaining Wall. 

Proposed Major Structures:   

A new cantilever Gantry structure (Gantry 307), which will incorporate a new MS4 at Ch188529.  

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 

has been supplied to AMAR indicating that the structure is to be located on an embankment of 

8.3-8.9m height and a typical slope of 18°. The critical cross section at Ch188520 is the location 

with the greatest retained height. 

 

Figure 2: Topographic Critical Cross Section Ch188520 
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Utilities:  

BT Comms cables are recorded at the edge of the hardshoulder, parallel to the carriageway. 

 

Figure 3: Utilities Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 

BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: Hemington Member (Silt and Gravel – Glaciofluvial Deposits) 

Solid Deposits: Edwalton Member (Mudstone and siltstone – Mercia Mudstone Group) 

Ground Investigation: 

There are 2 No. historical exploratory holes recorded within the design chainage; as shown on 

Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000031, Rev P01.  

 

Figure 4: Borehole Location Plan 
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Flood Risk: 

The design flood level is 31.9mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the 

Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-

000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole Number CP1099 SK43SE9  

 Borehole Chainage 188539 188551  

 Borehole Location Northbound (carriageway) Northbound (carriageway)  

 National Grid Reference E 446611, N 330778 E 446610, N 330790  

 Ground Level at 

Exploratory Hole 

38.60metres above 

Ordnance Datum (mAOD) 

31.00mAOD  

 RAG Analysis Green Amber  

 Date Drilled 24/10/2006 – 25/10/2006 15/02/1962 – 23/02/1962  

 Termination Depth 19.05 metres below ground 

level (mbgl) 

15.24mbgl  

 Distance from Structure 10m 20m  

 

 

 

 

 

 

 

 

 

Other suitable holes  None 
 

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 

Stratum 
Depth to Base 

(mbgl) 

Depth to Base 

(mAOD) 

SPT ‘N’ Value 

Range 

Embankment Fill (fine grained) 8.4 30.1 17-32 (17) 

Embankment Fill (coarse grained) 9.0 29.5 150 (150) 

River Terrace Deposits (coarse grained) 14.2 24.3 38-83 (50) 

Glaciofluvial Deposits (coarse grained) 19.3 22.0 38 (38) 

Mercia Mudstone – III/IV Not Proven Not proven 29-150 (29) 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 
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In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 

CP1099 and SK43SE9. 

Groundwater: 

The following groundwater data was recorded in the historical exploratory holes: 

 

In historical exploratory hole SK43SE9 a water strike was recorded at 29.8mAOD in the River 

Terrace Deposits which rose to 30.4mAOD after 15hours in the River Terrace Deposits. 

Exploratory 
Hole ID 

Stratum 
Groundwater Strike Rise 

mbgl mAOD Time mbgl mAOD 

SK43SE9 
River Terrace 

Deposits 
1.22 29.8 15hours 0.61 30.4 

Groundwater Design Level: 

A groundwater level of 31.9mAOD (flood level) has been assumed for WALLAP analysis of the 

king sheet pile. When checking the global stability check of the earthwork and king sheet pile 

(analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

3 No. Atterberg Limit tests and 3 No. Natural Moisture Content tests were recorded in historical 

exploratory holes for this location with the following results: 

Stratum 
Depth to Top 

of Test (mbgl) 

Natural Moisture 

Content (%) 

Liquid 

Limit (%) 

Plastic 

Limit (%) 

Plasticity 

Index (%) 

Plasticity 

Class 

Embankment Fill 

(fine grained) 
4.2 9.07 25 12 13 CL 

Embankment Fill 

(fine grained) 
7.7 6.26 25 12 13 CL 

Mercia Mudstone 

– III/IV 
18.4 15.34 29 20 9 CL 

 

Lab Test Data - Chemical: 

The following chemical testing was undertaken in the historical exploratory hole SK43SE9: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill pH Solid (water 
extract) 

1 8.5 - 

Embankment Fill Sulphate 2:1 Solid/Water 
extract 

1 0.04 g/l 

Chemical testing of a water sample taken at 9.8mbgl from historical exploratory hole CP1109 

was not considered representative of the hole location (Embankment Fill was recorded as dry 

and water was added during the drilling in River Terrace Deposits). 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000031 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outlines the assumed anticipated ground model: 
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Eu E’ vu ν’ 

Embankment Fill (fine grained) 0.0-8.4 38.5-30.1 8.4 21 27 0 85 6.9 5.5 0.50 0.20 
DS-1 

AC-1 

Embankment Fill (coarse grained) 8.4-9.10 30.1-29.5 0.6 19 36 - - - 30.0 - 0.25 
DS-2 

AC-2 

River Terrace Deposits (coarse grained) 9.0-14.2 29.5-24.3 5.2 20 40 - - - 67.2 - 0.35 
DS-3 

AC-3 

Glaciofluvial Deposits (coarse grained) 14.2-19.3 24.3-22.0 2.3 21 38 - - - 53.0 - 0.25 
DS-3 

AC-3 

Mercia Mudstone – III/IV >19.3 <22.0 - 21 30 2 145 10.5 8.4 0.50 0.20 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded in historical boreholes CP1099 and SK43SE9. 

(3) Typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) cu of Embankment Fill (fine grained) can be derived using the Stroud correlation. In the absence of sufficient PI data, an f1 value of 5.0 was used (based on CIRIA C570 for Mercia Mudstone, of which the embankment 

comprises reworked Mercia Mudstone). The conservative SPT ‘N’ value of 17 was used.  
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(5) In the absence of sufficient PI data, the characteristic ϕ' of Embankment Fill (fine grained) given in the AMAR GIR was used. 

(6) E’ of Embankment Fill (fine grained) was based relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the conservative SPT ‘N’ value of 17, Eu = 6.9MN/m
2
. 

Therefore E’ = 5.5MN/m
2
. 

(7) Bulk density of Embankment Fill (coarse grained) was based on guidance in BS8002 for a dense to very dense sand. 

(8) ϕ’ of Embankment Fill (coarse grained) was based on BS8002 guidance for a siliceous sand and gravel with sub-angular to sub-rounded particles, medium- to multi-graded uniformity coefficient and a moderate density index. 

(9) E’ of Embankment Fill (coarse grained) was based on CIRIA 103 guidance for a dense sand using the conservative value in the range given. 

(10) v’ of Embankment Fill (coarse grained) was based on CIRIA 103 guidance for a dense sand. 

(11) ϕ' of River Terrace Deposits (coarse grained) was determined using correlation with SPT (Peck 1974) ‘N’ values based on a typical ‘N’ value of 50. 

(12) E’ of River Terrace Deposits (coarse grained) was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 50) gives a value of 67.2MN/m
2
. 

(13) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using correlation with SPT (Peck 1974) ‘N’ values based on a recorded ‘N’ value of 38. This value is acceptable despite there only being 1 No. recorded SPT ‘N’ 

value because the derived ϕ’ is equal to the characteristic value given in the AMAR GIR. 

(14) E’ of Glaciofluvial Deposits (coarse grained) can be determined using Bowles correlation E’ = 1200 (N + 6) which (using recorded ‘N’ value of 38) gives a value of 53MN/m
2
. 

(15) cu of Mercia Mudstone – III/IV can be derived using the Stroud correlation. A PI of 9% gives an unrealistically high f1 value, therefore the typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) is adopted; combined with a 

conservative SPT ‘N’ value of 29, this gives a cu of 145kN/m
2
. 

(16) In the absence of sufficient PI data, the characteristic ϕ' of Mercia Mudstone – III/IV given in the AMAR GIR was used. 

(17) E’ of Mercia Mudstone – III/IV is based relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu for Mercia Mudstone – III/IV can be derived using ‘N’ values (Bowles) where Eu = 300 (N+6); using a conservative ‘N’ value of 

29 gives Eu = 10.5MN/m
2
 and E’ = 8.4MN/m

2
. 

(18) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill (coarse grained), River Terrace Deposits (coarse grained), Glaciofluvial Deposits (coarse 

grained) or Mercia Mudstone – III/IV, the classification used for the strata in the AMAR GIR was adopted. 

Imported Granular Fill (Class 6N) was used in the design of king sheet pile wall in embankments; the granular material was assumed to have the 
following properties: 

 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

Earthwork regrade was considered at this location, however due to proximity to HE 
boundary, floodplain constraint and category ‘Red’ vegetation, this solution was not viable. A 
retaining wall is recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 

 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 
 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2x2) 
750 15.0 2.25 8 180 646 
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FURTHER GROUND INVESTIGATION 
 

‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

 BH-G307 at Ch188529, northbound, dynamic sample with rotary follow to 20mbgl. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 188520-188550NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1099, SK43SE9

Rev: P01        Date: 24/01/2017 Ref:  HA549342-AMAR-HGT-188520-188550NB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 188520-188550NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1099
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 188520-188550NB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

CP1099
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-188720-188890NB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number ERA E3-A11 

Structure Type Emergency Refuge Area 

Design Chainage 188720-188890 

Carriageway Northbound 

Marker Post 188/7+20 – 188/8+90 

National Grid Reference E 446558, N 330951 – E 446511, N 331117 
Existing Ground Level at 
Location 

Carriageway 37.0mAOD 
Toe of Embankment 30.6mAOD 

Earthwork Type NB: Embankment SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_54261 SB: N/A HAGDMS designation   

Earthwork Height NB: 5.6-6.4m SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 19-26o SB: N/A  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 
1 Structure numbers in accordanc
HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening:   
A king sheet pile retaining wall, situated on the northbound carriageway is proposed. The king 
sheet pile wall varies in retained height across its extents; therefore it was subdivided into the 
following sections for design and construction purposes: 

• Ch188720-188740 – retained height ≤2.0m; 
• Ch188740-188850 – retained height >2.0m; 
• Ch188850-188890 – retained height ≤2.0m. 

Proposed Major Structures:   
The following major structure will be constructed within the location extents: 

• Ch188765-188865 – ERA E3-A1. 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork is classified as an embankment with 
the following variations in height and slope gradient: 

• Ch188720-188740 – embankment height 6.0-6.4m, typical slope gradient 19°; 
• Ch188740-188850 – embankment height 5.6-5.8m, typical slope gradient 26°; 
• Ch188850-188890 – embankment height 5.9-6.1m, typical slope gradient 19°. 

The critical cross section for ≤2.0m retained height is at Ch188740. 

The critical cross section for >2.0m retained height is at Ch188830. 
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Figure 2.1: Topographic Critical Cross Section Ch188740 (retained height ≤2.0m) 

 
Figure 2.2: Topographic Critical Cross Section Ch188830 (retained height >2.0m) 

Utilities:  
An overhead High Voltage Western Power cable runs NW-SE across the carriageway around 
Ch188730. Additionally an overhead Mid Voltage Western Power cable runs parallel to the 
carriageway at the embankment crest across the location extents. 
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Figure 3: Utilities Location Plan 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: Alluvium 

Solid Deposits: Edwalton Member (Mercia Mudstone) 

Ground Investigation: 
1 No. historical exploratory hole is recorded within the design chainage, with additional 2 No. 
relevant historical exploratory holes, as shown on Geological Long Section, Drawing No. 
HA549342-AMAR-HGT-SWI-DR-CE-000031, Rev P01. 

             
Figure 3: Borehole Location Plan 
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Flood Risk: 
The design flood level is 32.2mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1100  

 Borehole Chainage 190682  

 Borehole Location Northbound verge  

 National Grid 
Reference 

E 447131, N 333059  

 Ground Level at 
Exploratory Hole 

32.95metres above Ordnance Datum (mAOD)  

 RAG Analysis Green  

 Date Drilled 03/11/2006 – 06/11/2006  

 Termination Depth 15.35metres below ground level (mbgl)  
 

Other suitable holes  NWHM68, SK43SE12 
 

 

 

 

   

Existing Ground Conditions:  

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 
 

Stratum Depth to 
Base (mbgl) 

Depth to 
Base (mAOD) 

SPT ‘N’ 
Value 
Range 

Embankment Fill  6.4 30.6 19-150 (24) 

River Terrace Deposits (coarse 
grained) 11.3 25.7 25-150 (40) 

Glaciofluvial Deposits (fine 
grained) 12.7 24.3 150 

Glaciofluvial Deposits (coarse 
grained) 15.5 21.5 88-150 (88) 

Glaciofluvial Deposits (fine 
grained) 16.5 20.5 - 

Mercia Mudstone – III/IV - - - 
(1) Ground level is assumed to be at the carriageway level. 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 
(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 
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In Situ Testing: 
Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes 
CP1100, NWHM68 and SK43SE12. 

Groundwater: 
The following groundwater data was recorded in the historical exploratory holes: 

(1) Borehole CP1100 was recorded as dry. 

 

Exploratory Hole 
ID Stratum 

Groundwater 
Strike Rise 

mbgl mAOD Time mbgl mAOD 

NWHM68 River Terrace Deposits (coarse 
grained) 6.3 29.0 - - - 

SK43SE12 River Terrace Deposits (coarse 
grained) 1.4 29.6 150mins 0.6 30.4 

Groundwater Design Level: 
A groundwater level of 32.2mAOD (flood level) has been assumed for WALLAP 
analysis of the king sheet pile wall. When checking the global stability check of the 
earthwork and king sheet pile wall (analysed using SLOPE W) an Ru value of 0.2 for 
has been used for all strata. 
  



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-188720-188890NB-GSS-CE-000001 Page 7 of 21 
 UNCONTROLLED IF COPIED OR PRINTED 

 

GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
2 No. Atterberg Limit tests were recorded with the results presented in the table below: 

Stratum Depth 
(mAOD) 

Moisture 
Content 

(%) 

Liquid 
Limit 
(%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) Classification 

Embankment Fill 32.6 10 31 16 15 CL 

Glaciofluvial 
Deposits (fine 

grained) 
22.9 9 29 14 15 CL 

1 No. quick undrained triaxial test was recorded with the result presented in the table 
below: 

Stratum Depth (mAOD) Undrained Shear Strength (kN/m2) 

Glaciofluvial Deposits (fine grained) 23.4 106 

 
 

Lab Test Data - Chemical: 
The following chemical testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) 

Unit 

Embankment Fill pH Water 1 8.3 - 

Embankment Fill pH Solid 1 8.6 - 

Embankment Fill Sulphate (Total) 
as SO4 

Water 1 0.11 g/l 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 1 0.06 % 
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Assumed Ground Model For Design: 
Ground model is based on Geological Long Section HA549342-AMAR-HGT-SWI-DR-CE-000031, Rev P01 and Section 5 of the GIR HA549342-
AMAR-HGT-SWI-RP-CE-000002, Rev P01. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ 
Validation Ground Investigation: 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0.0 – 6.4 37.0 – 30.6 6.4 21 27 0 100 9.0 7.2 - 0.50 0.20 - 
DS-1  
AC-1 

River Terrace Deposits 

(coarse grained) 
6.4 – 11.3 30.6 – 25.7 4.9 20 38 - - - 55.2 - - 0.25 - 

DS-3  
AC-3 

Glaciofluvial Deposits 

(fine grained) 
11.3 – 12.7 25.7 – 24.3 1.4 21 27 0 106 7.8 6.2 - 0.50 0.20 - 

DS-3  
AC-3 

Glaciofluvial Deposits 

(coarse grained) 
12.7-15.5 24.3 – 21.5 2.8 21 38 - - - 55.2 - - 0.25 - 

DS-3  
AC-3 

Glaciofluvial Deposits 

(fine grained) 
15.5-16.5 21.5 – 20.5 1.0 21 27 0 106 7.8 6.2 - 0.50 0.20 - 

DS-3  
AC-3 

Mercia Mudstone – III/IV >16.5 <20.5 - 21 30 2 150 16.8 13.4 - 0.50 0.20 - 
DS-2  
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
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data was available) for the proposed location only. 
(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(3) Due to limited localised GI data typical value for Cu and ϕ' derived in the AMAR GIR are used. 
(4) Eu of Embankment Fill is based relationship by Bowles where Eu =300(N=6), for a characteristic SPT ‘N’ value of 24, Eu = 9.0MN/m2. E’ of Embankment Fill is based relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. 

Therefore E’ = 7.2MN/m2. 
(5) ϕ' of River Terrace Deposits can be determined using correlation with SPT (Peck 1974). A characteristic SPT ‘N’ value of 40, giving a ϕ' of 38o. 
(6) E’ of River Terrace Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using a characteristic SPT ‘N’ value of 40) gives a value of 55.2MN/m2. 
(7) 1 No. quick undrained triaxial test was undertaken within Glaciofluvial Deposits (fine grained) with recorded undrained shear strength of 106kN/m2; this was considered to be a suitable value for the stratum. 
(8) ϕ' of Glaciofluvial Deposits (fine grained) was determined using Table 2 in BS8002:2015 using the recorded PI of 15% gives 27°. 
(9) Due to the lack of local SPT data for Glaciofluvial Deposits (fine grained), the AMAR GIR characteristic parameters for Eu and E’ were adopted. 
(10) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using correlation with SPT (Peck 1974) ‘N’ values based on a characteristic value of 88. However, this result exceeded the correlation graph by Peck 1974; 

therefore the characteristic value given in the AMAR GIR for this stratum was adopted. 
(11) E’ of Glaciofluvial Deposits (coarse grained) was determined using Bowles correlation E’ = 1200 (N + 6) which (using the characteristic ‘N’ value of 8) gave a value of 112.8MN/m2. This value exceeded the range given in the 

AMAR GIR; therefore the upper bound of the range was adopted. 
(12) Due to the lack of local geotechnical data for the Mercia Mudstone – III/IV, the characteristic geotechnical parameters derived in AMAR GIR were adopted. 
(13) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for River Terrace Deposits, Glaciofluvial Deposits or Mercia Mudstone, the classification used for the strata in 

the AMAR GIR was adopted. 

Imported Granular Fill (Class 6N) was used in the design of king and intermediate sheet piles in embankments; the granular material was assumed to 
have the following properties: 

Stratum 
Bulk Density γb  

(kN/m3) 
Friction Angle φ’ 

 (°) 
Young’s Modulus E’  

(MN/m2) 
Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthworks Widening Solution: 
Earthwork regrade was considered at this location, however due to encroachment on the 
floodplain, this solution was not viable. A retaining wall is recommended as the earthwork 
widening solution: 
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188720 188740 
AZ-24 

S 390 GP 
2.0 6.0 8.0 84 52 19 66 

188740 188850 
AZ-24 

S 390 GP 
2.8 6.2 9.0 86 46 39 147 

188850 188865 
AZ-24 

S 390 GP 
2.0 7.0 9.0 84 52 23 108 

188865 188890 
AZ-24 

S 390 GP 
2.0 6.0 8.0 84 48 19 66 

Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level except at chainage 188740 to 188850 where 
a minimum embedment depth of 1.5m below ground level is required. 
 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 

Proposed Structural Solution: 
N/A 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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Additional GI for this location will be undertaken to confirm ground conditions. The following 
is scheduled: 

• BH-E3-A1 at Ch188865, northbound, dynamic sample, with rotary follow on to 
11mbgl. 

 
  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 188720-188890NB
Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 188720-188890NB
Client: Highways England Borehole ID:

Key
CL - Clay_Low Plasticity ML - Silt_Low Plasticity
CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity
CH - Clay_High Plasticity MH - Silt_High Plasticity
CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity
CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-189780-189800NB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number GANTRY_3111 

Structure Type Superspan Portal 

Design Chainage 189780-189800 

Carriageway Northbound 

Marker Post 189/7+80 – 189/8+00 

National Grid 
Reference 

E 446556, N 332004 – E 4465632, N 332023 

Existing Ground Level 
at Location 

Carriageway 36.1-36.5mAOD 

Toe of Embankment 31.0-31.4mAOD 

Earthwork Type NB: Embankment SB: N/A  From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_21900 SB: N/A HAGDMS designation   

Earthwork Height NB: 4.7-5.5m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 14-19° SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in accorda

AMAR-HML-MLC-DR-CH-000025 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch189780-189800, Granular Wedge at Embankment Crest (1:2.0) 

Proposed Major Structures: 

A New Superspan Portal Gantry (GANTRY_311) is proposed at Ch189780. 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the earthwork at the location is an embankment. The 
earthwork ranges in height approximately from 4.7m to 5.5m and has a slope angle of 14-19°. 

The critical cross section Ch189790 was chosen based on greatest earthwork height where build 
out due to gantry construction is significant. 
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Figure 2: Topographic Critical Cross Section Ch189780 

Utilities:  

In the immediate area a BT Communication line runs parallel to the hard shoulder; a second cable 
also running parallel to hard shoulder is set back 8m from back of gantry, finally a third cable runs 
at 45° to hard shoulder along the back of the gantry. In the field beside the location there are 
Western Power buried high voltage lines. 

  

Figure 3: Utilities Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Hemington Member (Glaciofluvial Deposits); 

Solid Deposits: Edwalton Member (Mercia Mudstone Group) 
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Ground Investigation: 

No historical exploratory holes were recorded within the design chainage; however, 1 No. historical 
exploratory hole was considered relevant, of which is shown on Geological Long Section, Drawing 
No. HA549342-AMAR-HGT-SWI-DR-CE-000033, Rev P01. 

  

Figure 4: Borehole Location Plan 

Flood Risk: 

The design flood level is 31.2mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the Environmental 
Study Report by AMAR, Document Ref. HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK43SE18  

 Borehole Chainage 189903  

 Borehole Location Northbound (2.2m from VRS)  

 National Grid 
Reference 

E 446600, N 332120  

 Ground Level at 
Exploratory Hole 

32.10mAOD (metres above Ordnance Datum)  

 RAG Analysis Amber  

 Date Drilled 17/01/1962 to 24/01/1962  

 Termination Depth 9.14mbgl (metres below ground level)  

 

Other suitable 
holes  

None 
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Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data: 

Stratum 
Depth to Base (m 

bgl) 
Depth to Base 

(m AOD) 

 
SPT (N) Value 

Embankment Fill  5.0 31.4 None recorded 

Glaciofluvial Deposits (coarse 
grained) 

10.1 26.3 54-67 (60) 

Mercia Mudstone – III/IV Not proven Not proven None recorded 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of Embankment Fill may vary. 

(3) Depths to base of strata are derived from topographical data for Embankment Fill and from historical borehole SK43SE18 

for natural strata. 

(4) Characteristic SPT ‘N’ values are given in brackets. 

 
 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory hole SK43SE18. 

Groundwater: 

The following groundwater data was recorded in the historical exploratory hole: 

 
 

Exploratory Hole 
ID 

Stratum 

Groundwater 
Strike 

Rise 

mbgl mAOD Time mbgl mAOD 

SK43SE18 
Glaciofluvial Deposits (coarse 

grained) 
1.52 30.58 20mins 0.76 31.34 

Groundwater Design Level: 

No Local groundwater is available therefore design groundwater level of 31.2mAOD (Flood Risk 
Level) has been assumed within the embankment, with the piezometric line drawing down to 
ground level at the toe of the embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

No local geotechnical laboratory testing data is available for this structure location. 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this structure location 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000033, Rev P01 and Section 5 of the GIR HA549342-
AMAR-HGT-SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model, to be confirmed by ‘Just in Time’ 
Validation Ground Investigation: 
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Embankment 

fill 
0-5.0 

36.4-

31.4 5.0 21 27 0 100 7.8 6.2 - 0.50 0.20 - 2.6 0.45 - 6.2* - 
DS-2 

AC-2 

Glaciofluvial 

Deposits 

(coarse 

grained) 

5.0-

10.1 

31.4-

26.3 5.1 21 38 - - - 19.2 - - 0.25 - 7.7 - 1.0 - 50 
DS-3 

AC-3 

Mercia 

Mudstone – 

III/IV 

>10.1 <26.3 - 21 30 2 100 16.8 13.4 - 0.50 0.20 - 5.6 0.45 - 9.0 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Given the limited amount of local GI data, typical geotechnical parameters derived in the AMAR GIR are adopted. 
(3) Shear modulus is based on G = E/2(1+v). 

(4) Adhesion Factor is based on BS8004 (equation 41). 

(5) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  

(6) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). 

(7) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(8) In the absence of BRE test data the classification used for the strata in the AMAR GIR were adopted. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solution is proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (°) 

189780 189800 
Granular Wedge at 

Embankment Crest (1:2.0) 
2.5 

1(V):3(H) 

18° 

 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

Structure 
Ref. 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 

Pile Working 
Load (kN) 

GANTRY

_311(NB) 

4 

(2x2) 
900 15.5 2.25 8 575 433 

 

 
 
 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just in Time’ Validation Ground Investigation is required at this location to confirm ground 
conditions. The following has been proposed: 

 BH – G311A at Ch189780, northbound, dynamic sample with rotary follow on to 21m 
bgl.  

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 

 
   

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 189780-189800NB

Client: Highways England Borehole ID:

Page 1 of 1

 SPT N Value vs Depth

SK43SE18
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-190530-190560NB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 190530-190560 

Carriageway Northbound 

Marker Post 190/5+30 – 190/5+60 

National Grid 
Reference 

E 446909, N 332670 – E 446919, N 332685 

Existing Ground Level 
at Location 

Carriageway 37.6-37.9mAOD 

Toe of Embankment 30.5-30.7mAOD 

Earthwork Type NB: Embankment SB: N/A  From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_24388 SB: N/A HAGDMS designation   

Earthwork Height NB: 7.1-7.5m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 8-25° SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 
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Author 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch190530-190560, Granular Wedge at Embankment Crest (1:2.0). 

Proposed Major Structures: 

None. 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the earthwork at the location is an embankment. The 
earthwork ranges in height approximately from 7.1m to 7.5m and has a slope angle of 8-25°. 

The critical cross section Ch190550 was chosen based on greatest size of proposed granular 
wedge. At this location the embankment height is 7.1m; therefore the thickness of Embankment Fill 
is assumed to be 7.1m in the ground model. 
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Figure 2: Topographic Critical Cross Section Ch190550 

Utilities:  

BT Communication line runs parallel to the hard shoulder within the existing verge. 

               

Figure 3: Utilities Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Hemington Member (Glaciofluvial Deposits); 

Solid Deposits: Edwalton Member (Mercia Mudstone Group) 

Ground Investigation: 

No historical exploratory holes were recorded within the chainage extents. 9 No. historical 
exploratory hole were considered relevant, of which are shown on Geological Long Section, 
Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000033, Rev P01. 
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Figure 4: Borehole Location Plan 

Flood Risk: 

The design flood level is 31.2mAOD. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1109 SK43SE22  

 Borehole Chainage 190634 190585  

 Borehole Location Northbound verge Embankment toe  

 National Grid 
Reference 

E 446966, N 332758 E 446920, N 332730  

 Ground Level at 
Exploratory Hole 

36.3mAOD 31.50mAOD  

 RAG Analysis Green Amber  

 Date Drilled 02/11/2006 – 02/11/2006 03/03/1926 – 06/03/1962  

 Termination Depth 14.50mbgl 7.77mbgl  

 

Other suitable holes  HIS0015-HIS0019 
 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data: 
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Stratum 
Depth to Base (m 

bgl) 
Depth to Base 

(m AOD) 

 
SPT (N) Value 

Embankment Fill  7.1 30.5 12-49 (20) 

Glaciofluvial Deposits (fine 
grained) 

8.2 29.4 25 

Glaciofluvial Deposits (coarse 
grained) 

12.9 24.7 14-120 (17) 

Mercia Mudstone – III/IV Not proven Not proven 24-40 (24) 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of Embankment Fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory holes CP1108, 
CP1109, HIS0015-0019, NWHM67 and SK43SE22. 

Groundwater: 

The following groundwater strikes were recorded within the historical exploratory holes: 

 
(1) No groundwater information was available for historical exploratory hole NWHM67. 

(2) The following note was included for historical exploratory holes CP1108 and CP1109: “Groundwater was not apparent during boring but may 

have been masked by the addition of water”. 

Exploratory 
Hole ID 

Stratum Groundwater 
Strike 

Rise 

mbgl mAOD Time mbgl mAOD 

HIS0015 Glaciofluvial Deposits (coarse grained), 
rising into Glaciofluvial Deposits (fine 

grained) 

1.52 29.18 Unspecified 1.22 29.48 

HIS0016 Glaciofluvial Deposits (coarse grained) 1.83 28.97 - - - 

HIS0017 Glaciofluvial Deposits (coarse grained) 3.05 27.75 Unspecified 1.22 29.58 

HIS0018 Glaciofluvial Deposits (coarse grained), 
rising into Glaciofluvial Deposits (fine 

grained) 

1.83 28.97 Unspecified 1.22 29.58 

HIS0019 Glaciofluvial Deposits (coarse grained) 3.05 27.75 - - - 

SK43SE22 Glaciofluvial Deposits (fine grained) 2.44 29.06 20minutes 0.76 30.74 

Groundwater Design Level: 

Design groundwater level of 31.2mAOD (Flood Risk Level) has been assumed within the 
embankment, with the piezometric line drawing down to ground level at the toe of the 
embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

6 No. Atterberg Limit Tests and 6 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results for the strata noted in the ground model: 

Stratum 
Depth to Top 

of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 2.0 16.2 35 16 19 CL/CI 

Embankment Fill 3.7 14.0 32 14 18 CL 

Embankment Fill 4.0 14.1 33 12 21 CL 

Embankment Fill 5.7 16.9 34 17 17 CL 

Mercia 

Mudstone – III/IV 12.2 21.9 33 19 14 
CL 

Mercia 

Mudstone – III/IV 15.0 32.0 34 24 10 
ML 

16 No. Quick Undrained Triaxial Tests were undertaken with the following results: 

Stratum Depth to Top of Test (m bgl) Undrained Shear Strength (kN/m
2
) 

Embankment Fill 1.5 105 

Embankment Fill 3.2 145 

Embankment Fill 5.2 12 

Glaciofluvial Deposits (fine grained) 0.5 89 

Glaciofluvial Deposits (fine grained) 0.5 69 

Glaciofluvial Deposits (fine grained) 0.6 41 

Glaciofluvial Deposits (fine grained) 0.9 31 

Mercia Mudstone – III/IV 11.7 98 

Mercia Mudstone – III/IV 5.8 84 

Mercia Mudstone – III/IV 7.5 144 

Mercia Mudstone – III/IV 7.5 69 

Mercia Mudstone – III/IV 5.9 69 

Mercia Mudstone – III/IV 6.1 101 

Mercia Mudstone – III/IV 7.6 158 

Mercia Mudstone – III/IV 5.8 132 

Mercia Mudstone – III/IV 7.5 55 
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Lab Test Data – BRE Classification: 

The following BRE Classification chemical testing data was available from the historical 
exploratory holes for the strata noted in the ground model: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill pH Solid (water 
extract) 

2 8.6-9.4 - 

Embankment Fill pH Solid 1 8.9 - 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 2 0.02-0.08 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Solid (2:1 
soil/water extract) 

2 0.05-0.08 g/l SO4 

Glaciofluvial 
Deposits (fine 
grained) 

pH Water 1 7.5 - 

Glaciofluvial 
Deposits (fine 
grained) 

pH Solid (water 
extract) 

4 6.7-7.1 - 

Glaciofluvial 
Deposits (fine 
grained) 

Sulphate (Total) 
as SO4 

Solid (water 
extract) 

4 0.01-0.12 %SO4 

Glaciofluvial 
Deposits (fine 
grained) 

Water Soluble 
Sulphate as SO4 

Water 1 0.40 g/l SO4 

Glaciofluvial 
Deposits (coarse 
grained) 

pH Water 1 7.3 - 

Glaciofluvial 
Deposits (coarse 
grained) 

Water Soluble 
Sulphate as SO4 

Water 1 0.61 g/l SO4 

Mercia Mudstone 
– III/IV 

pH Solid (water 
extract) 

11 7.2-8.1 - 

Mercia Mudstone 
– III/IV 

Sulphate (Total) 
as SO4 

Solid (water 
extract) 

10 0.07-0.19 %SO4 

Mercia Mudstone 
– III/IV 

Sulphate (Total) 
as SO4 

Solid (water 
extract) 

1 0.01 %SO4 

Mercia Mudstone 
– III/IV 

Water Soluble 
Sulphate as SO4 

Solid (2:1 
soil/water extract) 

1 1.80 g/l SO4 

Mercia Mudstone 
– Sandstone  

pH Water 2 7.5-7.5 - 

Mercia Mudstone 
– Sandstone  

Sulphate (Total) 
as SO4 

Solid (water 
extract) 

2 1.06-1.64 g/l SO4 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000033, Rev P01 and Section 5 of the GIR HA549342-
AMAR-HGT-SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model, to be confirmed by ‘Just in Time’ 
Validation Ground Investigation: 
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Eu E’ E Vu ν’ ν 

Embankment fill 0-7.1 
37.6-
30.5 

7.1 21 27 0 100 7.8 6.2 - 0.50 0.20 - 
DS-1  

AC-1 

Glaciofluvial 

Deposits (fine 

grained) 

7.1-8.2 
30.5-
29.4 

1.1 21 26 0 40 9.3 7.4 - 0.50 0.20 - 
DS-1  

AC-1 

Glaciofluvial 

Deposits (coarse 

grained) 

8.2-

12.9 
29.4-
24.7 

4.7 21 32 - - - 27.6 - - 0.25 - 
DS-1  

AC-1 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill, Glaciofluvial Deposits (fine grained) and Mercia Mudstone – III/IV were taken as the characteristic values given in the AMAR GIR. 
(4) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7

th
 Edition). For a characteristic SPT ‘N’ 

value of 17, ϕ' was found to be 32
o
. 

(5) cu of Embankment Fill, Glaciofluvial Deposits (fine grained) and Mercia Mudstone – III/IV was determined based on recorded undrained triaxial tests and cu derived using the Stroud correlation. Due to the limited amount of 

local PI data, a typical f1 value of 5.0 was used. An undrained shear strength of 100kN/m
2
 was adopted for Embankment Fill and Mercia Mudstone-III/IV and 40kN/m

2
 for Glaciofluvial Deposits (Fine Grained). 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 20, Eu = 7.8MN/m
2
. Therefore E’ = 

6.2MN/m
2
. 

(7) E’ of Glaciofluvial Deposits (fine grained) was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the recorded SPT ‘N’ value of 25, Eu = 9.3MN/m
2
. Therefore 

E’ = 7.4MN/m
2
. 

(8) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 17, E’ = 27.6MN/m

2
. 

(9) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 24, Eu = 9.0MN/m
2
. 
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Therefore E’ = 7.2MN/m
2
. 

(10) BRE Classification is determined using criteria set out in BRE Special Digest 1. 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solution is proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (°) 

190530 190560 
Granular Wedge at 

Embankment Crest (1:2.0) 
4.5 

1(V):2(H) 

26.6° 

 

Proposed Structural Solution: 

N/A. 

 
 
 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just in Time’ Validation Ground Investigation is required at this location to confirm ground 
conditions. The following has been proposed: 

 BH-R-NB4_1 at Ch190541, northbound, dynamic sample with rotary follow on to 
13mbgl.  

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190530-190550NB

Client: Highways England Borehole ID:

Page 1 of 1

 SPT N Value vs Depth
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190530-190560NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1108, CP1109
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 Undrained Shear Strength vs Elevation

CP1108, CP1109, NWHM67, HIS0015-HIS0018

Rev: P01        Date: 09/03/2017 Ref:  HA549342-AMAR-HGT-190530-190550NB-GSS-CE-000001

0

5

10

15

20

25

30

35

40

0 50 100 150 200 250 300

E
le

v
a
ti

o
n

 (
m

 A
O

D
)

Uundrained Shear Stength (kN/m2)

Embankment Fill Cu (SPT Conversion)

Embankment Fill Cu (Quick Undrained Triaxial)

Glaciofluvial Deposits (fine grained) Cu (SPT Conversion)

Glaciofluvial Deposits (fine grained) Cu (Quick Undrained Triaxial)

Mercia Mudstone - III/IV Cu (SPT Conversion)

Mercia Mudstone - III/IV Cu (Quick Undrained Triaxial



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-190740-190930NB-GSS-CE-000001 Page 1 of 30 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 

 
Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-190740-190930NB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Embankment Widening (1:2.0) 

Structure Number GANTRY_3131; 
E3-A21 

Structure Type 
MS3 Cantilever; 
Emergency Refuge Area (ERA) 

Design Chainage 190740-190930NB 

Carriageway Northbound 

Marker Post 190/7+40 – 190/9+30 

National Grid Reference E 447021, N 332844 – E 447110, N 333010 

Existing Ground Level 
at Location 

Carriageway 33.0-34.7mAOD 

Toe of Embankment 29.5-30.6mAOD 

Earthwork Type NB: Embankment SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_24498 SB: N/A HAGDMS designation   

Earthwork Height NB: 2.8-4.9m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 17° SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in acco

AMAR-HML-MLC-DR-CH-000025 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1.1: Location Plan 1 of 2 
 

 

Figure 1.2: Location Plan 2 of 2 
 

Proposed Earthworks Widening:   

To accommodate earthworks widening for this location, Full Height Embankment Widening (1:2.0) 
is to be constructed. 

Proposed Major Structures: 

A new MS3 Cantilever Gantry structure (GANTRY_313) is to be constructed at Ch190771. 

Emergency Refuge Area (ERA) E3-A2 is to be constructed between Ch190800-190900. 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the earthwork at the location is an embankment. The 
earthwork ranges in height approximately from 2.8m to 4.9m and has a typical slope angle of 17o. 

The critical cross section Ch190770 was chosen based on greatest earthwork height where there is 
significant buildout associated with the construction of GANTRY_313. The cross section shows a 
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Granular Wedge at Embankment Crest (1:2.0), however it was found after slope stability analyses 
that a Full Height Embankment Widening (1:2.0) is required to ensure sufficient stability of the 
slope. 

 

Figure 2: Topographic Critical Cross Section Ch190770 

Utilities:  

BT comms are present beneath the existing verge running parallel to the carriageway along the 
entirety of the chainage extents. 

Western Power overhead mid voltage cable present around embankment crest running parallel to 
the carriageway approximately between Ch190830-190930 of the chainage extents. 

              

Figure 3.1: Utilities Plan 1 of 2 
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Figure 3.2: Utilities Plan 2 of 2 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Hemington Member (Glaciofluvial Deposits) Ch190740-190785 and 
Ch190865-190930; Alluvium Ch190785-190865; 

Solid Deposits: Edwalton Member (Mercia Mudstone Group) 

Ground Investigation: 

There are no historical exploratory holes within the design chainage; however, 8 No. historical 
exploratory holes were considered relevant, those of which are shown on Geological Long Section, 
Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000034, Rev P01 and HA549342-AMAR-HGT-
SWI-DR-CE-000035, Rev P01. 
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Figure 4.1: Borehole Location Plan 1 of 2 

 

Figure 4.2: Borehole Location Plan 2 of 2 

Flood Risk: 

The design flood level for the chainage extents is 31.2mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the Environmental 
Study Report by AMAR, Document Ref. HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 
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Historical Boreholes: 

 Relevant Borehole 
Number 

CP1110  

 Borehole Chainage 190980  

 Borehole Location Northbound verge  

 National Grid 
Reference 

E 447131, N 333059  

 Ground Level at 
Exploratory Hole 

33.95mAOD (above Ordnance Datum)  

 RAG Analysis Green  

 Date Drilled 03/11/2006 – 06/11/2006  

 Termination Depth 15.35m below ground level (mbgl)  

 

Other suitable 
holes  

CP1109, HIS0015-HIS0019, NWHM3 
 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data: 

Stratum 
Depth to Base (m 

bgl) 
Depth to Base 

(m AOD) 

 
SPT (N) Value 

Embankment Fill  4.2 29.9 15-103 (19) 

Glaciofluvial Deposits (fine 
grained) 

5.6 28.5 25 

Glaciofluvial Deposits (coarse 
grained) 

7.6 26.5 9-77 (17) 

Mercia Mudstone – III/IV Not proven Not proven 19-150 (35) 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 
 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes CP1109, 
CP1100, HIS0015-HIS0018 and NWHM3. 

Groundwater: 

The following groundwater strikes were recorded within the historical exploratory holes: 
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(1) No groundwater information was available for historical exploratory hole NWHM3. 

(2) The following note was included for historical exploratory holes CP1109 and CP1110: “Groundwater was not apparent during boring but may 

have been masked by the addition of water”. 

Exploratory 
Hole ID 

Stratum Groundwater 
Strike 

Rise 

mbgl mAOD Time mbgl mAOD 

HIS0015 Glaciofluvial Deposits (coarse grained), 
rising into Glaciofluvial Deposits (fine 

grained) 

1.52 29.18 Unspecified 1.22 29.48 

HIS0016 Glaciofluvial Deposits (coarse grained) 1.83 28.97 - - - 

HIS0017 Glaciofluvial Deposits (coarse grained) 3.05 27.75 Unspecified 1.22 29.58 

HIS0018 Glaciofluvial Deposits (coarse grained), 
rising into Glaciofluvial Deposits (fine 

grained) 

1.83 28.97 Unspecified 1.22 29.58 

HIS0019 Glaciofluvial Deposits (coarse grained) 3.05 27.75 - - - 

Groundwater Design Level: 

Design groundwater level of 31.2mAOD (Flood Risk Level) has been assumed within the 
embankment, with the piezometric line drawing down to ground level at the toe of the 
embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

7 No. Atterberg Limit Tests and 7 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results for the strata noted in the ground model: 

Stratum Depth to Top 
of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 2.2 15 36 17 19 CI 

Embankment Fill 3.7 14 32 14 18 CL 

Embankment Fill 5.7 17 34 17 17 CL 

Glaciofluvial 

Deposits (fine 

grained) 

4.0 37 65 33 32 CH 

Mercia Mudstone – 

III/IV 
9.6 23 34 17 17 CL 

Mercia Mudstone – 

III/IV 
12.2 22 33 19 14 CL 

Mercia Mudstone – 

III/IV 
14.0 21 27 16 11 CL 

17 No. Quick Undrained Triaxial Tests were undertaken with the following results: 

Stratum Depth to Top of Test (m bgl) Undrained Shear Strength (kN/m
2
) 

Embankment Fill 3.2 145 

Embankment Fill 5.2 12 

Glaciofluvial Deposits (fine grained) 3.5 84 

Glaciofluvial Deposits (fine grained) 0.5 89 

Glaciofluvial Deposits (fine grained) 0.5 69 

Glaciofluvial Deposits (fine grained) 0.6 41 

Glaciofluvial Deposits (fine grained) 0.9 31 

Mercia Mudstone – III/IV 11.7 98 

Mercia Mudstone – III/IV 13.5 279 

Mercia Mudstone – III/IV 5.8 84 

Mercia Mudstone – III/IV 7.5 144 

Mercia Mudstone – III/IV 7.5 69 

Mercia Mudstone – III/IV 5.9 69 

Mercia Mudstone – III/IV 6.1 101 

Mercia Mudstone – III/IV 7.6 158 

Mercia Mudstone – III/IV 5.8 132 

Mercia Mudstone – III/IV 7.5 55 
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Lab Test Data – BRE Classification: 

The following BRE Classification chemical testing data was available from the historical 
exploratory holes for the strata noted in the ground model: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill pH Solid 1 8.8 - 

Embankment Fill pH Solid (water 
extract) 

1 8.6 - 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 1 0.05 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Solid (2:1 
soil/water extract) 

1 0.05 g/l SO4 

Glaciofluvial 
Deposits (fine 
grained) 

pH Water 1 7.5 - 

Glaciofluvial 
Deposits (fine 
grained) 

pH Solid (water 
extract) 

4 6.7-7.1 - 

Glaciofluvial 
Deposits (fine 
grained) 

Sulphate (Total) 
as SO4 

Solid 4 0.01-0.12 %SO4 

Glaciofluvial 
Deposits (fine 
grained) 

Water Soluble 
Sulphate as SO4 

Water 1 0.4 g/l SO4 

Glaciofluvial 
Deposits (coarse 
grained) 

pH Water 1 7.3 - 

Glaciofluvial 
Deposits (coarse 
grained) 

Water Soluble 
Sulphate as SO4 

Water 1 0.61 g/l SO4 

Mercia Mudstone 
– III/IV 

pH Solid (water 
extract) 

10 7.2-7.5 - 

Mercia Mudstone 
– III/IV 

Sulphate (Total) 
as SO4 

Solid 10 0.07-1.14 %SO4 

Mercia Mudstone 
– Sandstone  

pH Water 2 7.5-7.5 - 

Mercia Mudstone 
– Sandstone  

Sulphate (Total) 
as SO4 

Solid 2 1.06-1.64 g/l SO4 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000034, Rev P01 and HA549342-AMAR-HGT-SWI-DR-CE-
000035, Rev P01 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated 
ground model, to be confirmed by ‘Just in Time’ Validation Ground Investigation: 
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Eu E’ E Vu ν’ ν 

Embankment 

fill 
0-4.2 

34.1-

29.9 4.2 21 27 0 95 6.3 5.0 - 0.50 0.20 - 2.1 0.46 - 6.2* - 
DS-1 

AC-1 

Glaciofluvial 

Deposits (fine 

grained) 

4.2-

5.6 

29.9-

28.5 1.4 21 26 0 70 9.3 7.4 - 0.50 0.20 - 3.1 0.52 - 9 - 
DS-1 

AC-1 

Glaciofluvial 

Deposits 

(coarse 

grained) 

5.6-

7.6 

28.5-

26.5 2.0 21 32 - - - 27.6 - - 0.25 - 11.0 - 1.0 - 50 
DS-2 

AC-2 

Mercia 

Mudstone – 

III/IV 

>7.6 <26.5 - 21 30 2 100 12.3 9.8 - 0.50 0.20 - 4.1 0.45 - 9 - 
DS-3 

AC-3 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill, Glaciofluvial Deposits (fine grained) and Mercia Mudstone – III/IV were taken as the characteristic values given in the AMAR GIR. 
(4) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7

th
 Edition). For a characteristic SPT ‘N’ 

value of 17, ϕ' was found to be 32
o
. 

(5) cu of Embankment Fill and Mercia Mudstone – III/IV was determined based on recorded undrained triaxial tests and cu derived using the Stroud correlation. Due to the limited amount of local PI data, a typical f1 value of 5.0 
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was used. An undrained shear strength of 95kN.m
2
, 70kN/m

2
 and 100kN/m

2
 was adopted for Embankment Fill. Glaciofluvial Deposits (Fine Grained) and Mercia Mudstone-III/IV respectively. 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 19, Eu = 6.3MN/m
2
. Therefore E’ = 

5.0MN/m
2
. 

(7) E’ of Glaciofluvial Deposits (fine grained) was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the recorded SPT ‘N’ value of 25, Eu = 9.3MN/m
2
. Therefore 

E’ = 7.4MN/m
2
. 

(8) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 17, E’ = 27.6MN/m

2
. 

(9) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 35, Eu = 12.3MN/m
2
. 

Therefore E’ = 9.8MN/m
2
. 

(10) Shear modulus is based on G = E/2(1+v). 

(11) Adhesion Factor is based on BS8004 (equation 41) for Embankment Fill and Glaciofluvial Deposits (fine grained). Adhesion Factor for Mercia Mudstone – III/IV is based on Tomlinson and Woodward (2008). 

(12) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  

(13) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(14) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 

(15) BRE Classification is determined using criteria set out in BRE Special Digest 1. 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 5.1: Geological Long Section 1 of 2 

 

Figure 5.2: Geological Long Section 2 of 2 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solution is proposed: 

Start Chainage End Chainage Widening Solution Base Width (m) Batter Angle 

190740 190930 Full Height Embankment Widening (1:2.0) 5.0 
1:2.5 

22° 

 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

Structure 
Ref. 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 

Pile Working 
Load (kN) 

GANTRY

_313 

4 

(2x2) 
750 8 2.25 9 133 273 

 

 
 
 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just in Time’ Validation Ground Investigation is required at this location to confirm ground 
conditions. The following has been proposed: 

 BH – G313 at Ch190771, northbound, dynamic sample with rotary follow on to 13m 
bgl. 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190740-190930NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1109, CP1100, HIS0015-HIS0018, NWHM3

Rev: P01        Date: 08/03/2017 Ref:  HA549342-AMAR-HGT-190740-190930NB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190740-190930NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1109, CP1110

Rev: P01        Date: 08/03/2017 Ref:  HA549342-AMAR-HGT-190740-190930NB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190740-190930NB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

CP1109, CP1110, HIS0015-HIS0015, NWHM3
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-191090-191310NB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Embankment Widening (1:2.0); 
<500mm Fill; 
No Solution Required 

Structure Number GANTRY_3141; 
GANTRY_3151 

Structure Type 
MS4 Cantilever (Gantry 314); 
ADS Cantilever (Gantry 315) 

Design Chainage 191090-191310NB 

Carriageway Northbound 

Marker Post 191/0+90 – 191/3+10 

National Grid 
Reference 

E 447167, N 333148 – E 447232, N 333376 

Existing Ground Level 
at Location 

Carriageway 32.7-32.8mAOD 

Toe of Embankment 29.7-31.7mAOD 

Earthwork Type NB: Embankment SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_24498 SB: N/A HAGDMS designation   

Earthwork Height NB: 1.5-3.1m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 10° SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in accorda

AMAR-HML-MLC-DR-CH-000025 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch191090-191200 (110m), Full Height Embankment Widening (1:2.0); 

 Ch191200-192200 (20m), No Solution Required; 

 Ch192200-192280 (80m), <500mm Fill; 

 Ch192280-191320 (40m), Full Height Embankment Widening (1:2.0). 

Proposed Major Structures: 

Within the chainage extents, the following structures are to be constructed: 

 Gantry, G314, MS4 Cantilever at chainage 191096; 

 Gantry, G315, ADS Cantilever at chainage 191296. 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the earthwork at the location is an embankment. The 
earthwork ranges in height approximately from 1.5m to 3.1m and has a typical slope angle of 10o. 

The critical cross section Ch191300 was chosen based on greatest earthwork height where Full 
Height Embankment Widening (1:2.0) is required. 

Although the embankment is up to 3.1m high, the embankment is only a maximum of 2.5m high in 
locations of Full Height Embankment Widening (1:2.0). Therefore, the ground model includes 
Embankment Fill that is 2.5m thickness. 
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Figure 2: Topographic Critical Cross Section Ch191300 

Utilities:  

BT comms are present at beneath the existing verge running parallel to the carriageway along the 
entirety of the chainage extents. 

Western Power overhead mid voltage powerline present around embankment crest running parallel 
to the carriageway along the entirety of the chainage extents. Refer to drawing No. HA549342-
AMAR-VUT-MLC-DR-CU-000009 for more details. 

  

Figure 3: Utilities Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Hemington Member (Glaciofluvial Deposits); 

Solid Deposits: Edwalton Member (Mercia Mudstone Group) 
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Ground Investigation: 

There are no historical exploratory holes within the design chainage; however, there are 4 No. 
historical exploratory holes considered relevant, of which are shown on Geological Long Section, 
Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000035, Rev P01. 

  

Figure 4: Borehole Location Plan 

Flood Risk: 

The design flood level is 31.2mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the Environmental 
Study Report by AMAR, Document Ref. HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

NWHM3  

 Borehole Chainage 191025  

 Borehole Location Northbound verge  

 National Grid 
Reference 

E 447149, N 333097  

 Ground Level at 
Exploratory Hole 

33.07mAOD (above Ordnance Datum)  

 RAG Analysis Green  

 Date Drilled 20/09/1999 – 23/09/1999  

 Termination Depth 11.80m below ground level (mbgl)  

 

Other suitable 
holes  

CP1100, CP1111 and SK43SE552 
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Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data: 

Stratum 
Depth to Base (m 

bgl) 
Depth to Base 

(m AOD) 

 
SPT (N) Value 

Embankment Fill  2.5 30.2 5-103 (19) 

Glaciofluvial Deposits (coarse 
grained) 

8.9 25.8 9-70 (30) 

Mercia Mudstone – III/IV Not proven Not proven 19-150 (40) 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 
 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes CP1110, 
CP1111 and NWHM3. 

Groundwater: 

The following groundwater data was included in the historical exploratory holes: 

 

The following was noted in historical exploratory hole CP1110: “Groundwater was not apparent 
during drilling but may have been masked by the addition of water”. 

No groundwater data was provided in historical exploratory hole NWHM6 or SK43SE552. 

Exploratory 
Hole ID 

Stratum 

Groundwater 
Strike 

Rise 

mbgl mAOD Time mbgl mAOD 

CP1111 
Glaciofluvial Deposits (coarse grained) 

rising into Embankment Fill 
4.60 27.45 20mins 3.10 28.95 

Groundwater Design Level: 

Design groundwater level of 31.2mAOD (Flood Risk Level) has been assumed within the 
embankment, with the piezometric line drawing down to ground level at the toe of the 
embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

4 No. Atterberg Limit Tests and 5 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results for the strata noted in the ground model: 

Stratum 
Depth to 

Top of Test 
(m bgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 0.50 101 36 16 20 CI 

Embankment Fill 2.20 15 36 17 19 CI 

Glaciofluvial 
Deposits (coarse 

grained) 
6.45 14 - - - - 

Mercia Mudstone – 
III/IV 9.60 23 34 17 17 CL 

Mercia Mudstone – 
III/IV 140 21 27 16 11 CL 

(1) 1 No. Atterberg Limit Test was undertaken within fine grained elements of the Glaciofluvial Deposits (coarse grained). This test has not 

been used because it is not representative of a stratum that is predominantly coarse grained. 

(2) 1 No. Atterberg Limit Test was undertaken within Glaciofluvial Deposits (fine grained); this test has not been used because only 

Glaciofluvial Deposits (coarse grained) are included in the ground model. 

2 No. Quick Undrained Triaxial Tests were undertaken with the following results: 

Stratum Depth to Top of Test (m bgl) Undrained Shear Strength (kN/m
2
) 

Embankment Fill 2.00 85 

Mercia Mudstone – III/IV 13.50 279 

(1) 1 No. Quick Undrained Triaxial Test was undertaken within Glaciofluvial Deposits (fine grained); this test has not been used because only 

Glaciofluvial Deposits (coarse grained) are included in the ground model. 

Lab Test Data – BRE Classification: 

The following BRE Classification chemical testing data was available from the historical 
exploratory holes for the strata noted in the ground model: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill pH Solid (water 
extract) 

2 7.9-8.8 - 

Mercia Mudstone 
– I/II 

pH Solid 1 8.5 - 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 1 0.05 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Solid (2:1 
soil/water extract) 

1 0.05 g/l SO4 

Mercia Mudstone 
– I/II 

Sulphate (Total) 
as SO4 

Solid 1 0.02 %SO4 

Mercia Mudstone 
– I/II 

Water Soluble 
Sulphate as SO4 

Solid (2:1 
soil/water extract) 

1 0.01 g/l SO4 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000035, Rev P01 and Section 5 of the GIR HA549342-
AMAR-HGT-SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model, to be confirmed by ‘Just in Time’ 
Validation Ground Investigation: 
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Embankment fill 0-2.5 32.7-30.2 2.5 21 27 0 100 7.5 6.0 - 0.50 0.20 - 2.5 0.45 - 6.2* - 
DS-1 

AC-1 

Glaciofluvial 

Deposits (coarse 

grained) 

2.5-8.9 30.2-25.8 6.4 21 36 - - - 43.2 - - 0.25 - 17.3 - 1.0 - 50 
DS-3 

AC-3z 

Mercia Mudstone 

– III/IV 
>8.9 <25.8 - 21 30 2 200 13.8 11.0 - 0.50 0.20 - 4.6 0.45 - 9.0 - 

DS-1 

AC-1 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7

th
 Edition). For a characteristic SPT ‘N’ 

value of 30, ϕ' was found to be 36
o
. 

(5) cu of Embankment Fill and Mercia Mudstone – III/IV was determined based on recorded undrained triaxial tests and cu derived using the Stroud correlation. Due to the limited amount of local PI data, a typical f1 value of 5.0 

was used. 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 19, Eu = 6.3MN/m
2
. Therefore E’ = 

5.0MN/m
2
. 

(7) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 30, E’ = 43.2MN/m

2
. 

(8) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 40, Eu = 13.8MN/m
2
. 

Therefore E’ = 11.0MN/m
2
. 

(9) Shear modulus is based on G = E/2(1+v). 
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(10) Adhesion Factor is based on BS8004 (equation 41) for Embankment Fill. Adhesion Factor for Mercia Mudstone – III/IV is based on Tomlinson and Woodward (2008). 

(11) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  

(12) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Glaciofluvial Deposits (coarse grained), the classification used for the strata in the AMAR GIR was adopted. 

(13) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). 

(14) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 5.1: Geological Long Section 1 of 2 

 

Figure 5.2: Geological Long Section 2 of 2 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (°) 

191090 191190 
Full Height Embankment 

Widening (1:2.0) 
2.4 

11°
* 

1(V):5(H) 

191280 191310 
Full Height Embankment 

Widening (1:2.0) 
2.4 

11°
* 

1(V):5(H) 

*Note: batter angle is shallow due to the existing angle of the slope. 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

Structure 
Ref. 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 

Pile Working 
Load (kN) 

GANTRY

_314 

4 

(2x2) 
750 11 2.25 10 182 638 

GANTRY

_315 

4 

(2x2) 
900 26 2.70 13 371 1222 

 

 
 
 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just in Time’ Validation Ground Investigation is required at this location to confirm ground 
conditions. The following has been proposed: 

 BH – G314 at Ch191096, northbound, dynamic sample with rotary follow on to 16m 
bgl; 

 BH – G315 at Ch191296, northbound, dynamic sample with rotary follow on to 30m 
bgl.  

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191090-191310NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1110, CP1111, NWHM3
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191090-191310NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1110, CP1111
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 Undrained Shear Strength vs Elevation
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-191460-191480NB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Regrade (1:3.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 191460-191480 

Carriageway Northbound 

Marker Post 191/4+60 – 191/4+80 

National Grid Reference E 447258, N 333512 – E 447259, N 333533 

Existing Ground Level at 
Location 

Carriageway 32.8mAOD 

Crest of Bund 35.4mAOD 

Earthwork Type NB: Bund SB: N/A  HAGDMS designation  

Earthwork Number 
NB: 7_M1_24568; 
7_M1_24440 

SB: N/A HAGDMS designation   

Maximum Earthwork 
Height 

NB: 2.6m SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: 10° SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 191460-191480 – Full Height Regrade (1:3.0) 

Proposed Major Structures: 

 No major Structures are proposed within the design chainage. 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at the location is classified as a bund. 
The bund is approximately 2.0m high in the south increasing to 2.6m in the north of the 
chainage extents, with a typical slope angle of 10o. 

The critical cross section Ch191470 was chosen based on the greatest bund height and the 
greatest vertical regrade height required. 
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Figure 2: Topographic Critical Cross Section Ch191470 

Utilities:  

There are BT Comms at the existing verge and a buried Weston Power high voltage cable at the 
bund crest, both running parallel to the motorway. 

           

Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Beeston Sand and Gravel Member (Glaciofluvial Deposits); 

Solid Deposits: Cotgrave Sandstone Member (Mercia Mudstone) 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 2 No. 
relevant exploratory holes were considered outside the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 
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Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1111  

 Borehole Chainage 191375  

 Borehole Location Southbound earthwork  

 National Grid 
Reference 

E 447287, N 333422  

 Ground Level at 
Exploratory Hole 

32.05m Above Ordnance Datum (mAOD)  

 RAG Analysis Green  

 Date Drilled 29/08/2006 – 30/08/2006  

 Termination Depth 12.61m below ground level (mbgl)  

 

Other suitable holes  SK43SE552 
 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data. 
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Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 

 
SPT (N) Value 

Embankment Fill 2.6 32.8 5 

Glaciofluvial Deposits (coarse 
grained) 

11.9 23.5 34-66 (34) 

Mercia Mudstone – III/IV Not proven Not proven 49-100 (49) 

(1) Ground level is assumed to be at the crest of the bund, of which is assumed to comprise Embankment Fill. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory hole CP1111. 

Groundwater: 

In CP1111 a groundwater strike was recorded at 4.60mbgl (27.45mAOD), rising to 3.10mbgl 
(28.95mAOD) after 20minutes. No groundwater data was provided in SK43SE552. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m 
below ground level throughout bund has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

2 No. Atterberg Limit Tests and 3 No. Moisture Content Tests  were undertaken with the 
following results: 

Stratum 
Depth 
(mbgl) 

Natural 
Moisture 
Content 

(%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index 
(%) 

Plasticity 
Class 

Embankment 
Fill 

0.50 11 36 16 20 CI 

Glaciofluvial 
Deposits 
(coarse 
grained) 

4.00 39 31 23 8 MI* 

Glaciofluvial 
Deposits 
(coarse 
grained) 

6.45 14 - - - - 

*Test was undertaken within fine grained element of a predominantly coarse grained material; therefore has not 
been considered for derivation of geotechnical parameters. 

1 No. Triaxial Test was undertaken within the Embankment Fill with the following result: 

Stratum 
Depth to Top of 

Test (mbgl) 

Undrained 
Shear Strength 

(kN/m
2
) 

Embankment Fill 2.00 85 
 

Lab Test Data - BRE Classification: 

The following chemical testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water 
No. of 
Tests 

Result Unit 

Embankment Fill pH 
Solid (water 

extract) 
1 7.9 - 

Embankment Fill Total Sulphate Solid 1 0.02 % 

Embankment Fill 
Water Soluble 

Sulphate 

Solid (2:1 

soil/water 

extract) 

1 0.05 % 

Mercia Mudstone 

– I/II 
pH 

Solid (water 

extract) 
1 8.5 - 

Mercia Mudstone 

– I/II 
Total Sulphate Solid 1 0.01 % 

Mercia Mudstone 

– I/II 

Water Soluble 

Sulphate 

Solid (2:1 

soil/water 

extract) 

1 0.05 % 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000036 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model, to be confirmed by ‘Just in Time’ Validation Ground 
Investigation: 
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Embankment Fill 35.4-32.8 0-2.6 2.6 21 27 0 100 7.8 6.2 0.50 0.20 0.45 
DS-1 

AC-1 

Glaciofluvial Deposits (coarse grained) 32.8-23.5 2.6-9.3 6.7 21 37 - - - 48.0 - 0.25 - 
DS-3 

AC-3 

Mercia Mudstone – III/IV 
<23.5 >9.3 - 21 30 2 245 16.5 13.2 0.50 0.20 0.45 

DS-1 

AC-1 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) Given the lack of GI data for Embankment Fill, the characteristic cu and E values given in the AMAR GIR were adopted. 

(5) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7
th
 Edition). For a characteristic SPT ‘N’ 

value of 34, ϕ' was found to be 37
o
. 

(6) cu of Mercia Mudstone – III/IV was determined using recorded SPT ‘N’ values and the Stroud correlation. Due to the limited amount of local PI data, a typical f1 value of 5.0 was used along with the typical SPT ‘N’ value of 49. 

(7) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 34, E’ = 31.2MN/m

2
. 

(8) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 49, Eu = 16.5MN/m
2
. 

Therefore E’ = 13.2MN/m
2
. 

(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Glaciofluvial Deposits (coarse grained), the classification used for the strata in the AMAR GIR was adopted. 
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Figure 4.1: Geological Long Section 

 

Figure 4.2: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution 

191460 191480 Full Height Regrade (1:3.0) 

 

Proposed Structural Solution: 

N/A. 

 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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No ‘Just In Time’ GI is required at this location.   

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191460-191490NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191460-191490NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191460-191490NB

Client: Highways England Borehole ID:
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 Undrained Shear Strength vs Elevation
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-191560-191580NB-GSS-000001 

Structure Number N/A 

Structure Type King Sheet Pile Retaining Wall 

Design Chainage 191560-191580 

Carriageway Northbound 

Marker Post 191/5+60A – 191/5+80A 

National Grid Reference E 447268, N 333611 – E 447269, N 333631 

Existing Ground Level at 
Location 

Crest 35.7mAOD 

Carriageway 33.1mAOD 

Earthwork Type NB: Cutting SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_24568 SB: N/A HAGDMS designation   

Earthwork Height NB: 2.6m SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 18° SB: N/A  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 

 

Proposed Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch191560-191580, King Sheet Pile Retaining Wall 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
cutting at approximately 2.6m height and an approximate slope angle of 18°. 

The critical cross sections used is Ch191570. 

Proposed Major Structures:   

N/A.  
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Figure 2: Topographic Critical Cross Section Ch191570 

Utilities:  

Western Power Overhead Mid Voltage cable at cutting crest running parallel to the carriageway. 

 

Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: Beeston Sand and Gravel Member (Glaciofluvial Deposits) 

Solid Deposits: Gunthorpe Member (Mercia Mudstone) 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however there are 
considered to be 5 No. additional relevant exploratory holes, as shown on Geological Long 
Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 
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Figure 3: Borehole Location Plan 

Flood Risk: 

Location is not in a flood risk area. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK43SE25 CP1112 HIS0021 RC1112  

 Borehole Chainage 191620 191678 191650 191678  

 Borehole Location Outside of HE 
boundary on 
west side of 
carriageway 
(prior to 
motorway 
construction) 

Outside of 
HE boundary 
on west side 
of 
carriageway 

Outside of 
HE boundary 
on west side 
of 
carriageway 
(prior to 
motorway 
construction) 

Outside of 
HE boundary 
on west side 
of 
carriageway 

 

 National Grid 
Reference 

E 447240, N 
333670 

E 447256, N 
333728 

E 447256 
N333700 

E 447256, N 
333729 

 

 Ground Level at 
Exploratory Hole 

35.40mAOD 33.35mAOD 35.70mAOD 35.50mAOD  

 RAG Analysis Amber Green Green Green  

 Date Drilled 28/02/1962 – 
01/03/1962  

16/10/2006 17/06/1964 – 
29/06/1964 

18/10/2006  

 Termination Depth 7.62 metres 
below ground 
level (mbgl) 

7.55mbgl 
(25.8mAOD) 

24.99mbgl 
(10.71mAOD) 

19.75mbgl 
(15.75mAOD) 
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(27.78mAOD) 

 

Other suitable holes  HIS0022 
 

 

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground 
Investigation and driven LiDAR survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to 

Base (mAOD) 

 
SPT (N) 
Values 

Head Deposits (fine grained) 0.8 34.9 
None 

recorded 

Glaciofluvial Deposits (coarse 
grained) 

5.2 30.5 15-150 (20) 

Mercia Mudstone – III/IV Not proven Not proven 40-43 (40) 

1. Ground level is assumed to be at the crest of the cutting 

2. SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

3. Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

4. Given the lack of local GI data post-dating motorway construction for the location, it is assumed that Head Deposits are fine 

grained as a conservative measure. 

5. Historical exploratory hole SK43SE25 records River Terrace Deposits; however, it is considered that at this location 

Glaciofluvial Deposits are present, as interpreted within the geological long section Drawing No. HA549342-AMAR-HGT-

SWI-DR-CE-000036. Therefore, the River Terrace Deposits of SK43SE25 are considered as Glaciofluvial Deposits here. 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in all historical exploratory holes 
(SK43SE25, HIS0021, HIS0022, CP1112 and RC1112). 

Groundwater: 

The following groundwater strikes were recorded in the historical exploratory holes 
(groundwater was not apparent during boring but may have been masked by the 
addition of water for CP1112 and RC1112): 

 
 

Exploratory 
Hole ID 

Stratum 
Groundwater Strike Rise 

mbgl mAOD Time mbgl mAOD 

HIS0021 

Glaciofluvial 
Deposits 
(coarse 
grained) 

1.52 34.18 - - - 

HIS0022 

Glaciofluvial 
Deposits 
(coarse 
grained) 

0.91 34.79 - - - 

SK43SE25 

Glaciofluvial 
Deposits 
(coarse 
grained) 

2.74 32.66 - - - 

Groundwater Design Level: 

A groundwater level of 1.0m below carriageway level was assumed for the WALLAP 
king sheet pile retaining wall analysis. For the global stability check using SLOPE/W, 
Ru values of 0.2 were adopted for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

15 No. undrained triaxial tests were undertaken with the following results: 
 

Stratum Depth to Top of Test (mbgl) Undrained Shear Strength (kN/m
2
) 

Mercia Mudstone – III/IV 12.19 110 

Mercia Mudstone – III/IV 13.72 110 

Mercia Mudstone – III/IV 10.67 144 

Mercia Mudstone – III/IV 7.62 91 

Mercia Mudstone – III/IV 16.76 96 

Mercia Mudstone – III/IV 9.14 165 

Mercia Mudstone – III/IV 6.71 55 

Mercia Mudstone – III/IV 14.48 249 

Mercia Mudstone – III/IV 8.38 132 

Mercia Mudstone – III/IV 6.86 117 

Mercia Mudstone – III/IV 12.95 220 

Mercia Mudstone – III/IV 11.43 194 

Mercia Mudstone – III/IV 16.00 110 

Mercia Mudstone – III/IV 5.33 110 

Mercia Mudstone – III/IV 9.91 144 
 

Lab Test Data - Chemical: 

The following chemical testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water 
No. of 
Tests 

Result Unit 

Glaciofluvial Deposits (coarse 

grained) 
pH Water 4 6.0-8.4 - 

Glaciofluvial Deposits (coarse 

grained) 

Sulphate (Total) as 
SO4 

Water 6 
0.02-

0.41 
g/l 

Mercia Mudstone – III/IV pH Solid 10 7.2-7.5 - 

Mercia Mudstone – III/IV 
Sulphate (Total) as 

SO4 
Solid 10 

0.04-

0.12 
% 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000036 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outlines the assumed anticipated ground model: 
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Eu E’ vu ν’ 

Head Deposits 0.0 – 0.8 35.7 – 34.9 0.8 21 27 0 100 7.8 6.2 0.5 0.2 
DS-1 

AC-1 

Glaciofluvial Deposits (coarse grained) 0.8 – 5.2 34.9 – 30.5 4.4 21 33 - - - 31.2 - 0.25 
DS-2 

AC-2 

Mercia Mudstone – III/IV >5.2 <30.5 - 21 30 2 200 13.8 11.0 0.5 0.20 
DS-1 

AC-1 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to limited localised GI data for Head Deposits, the geotechnical parameters derived in the AMAR GIR have been adopted for design. 

(4) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7
th
 Edition). For a characteristic SPT ‘N’ 

value of 20, ϕ' was found to be 33
o
. 

(5) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 20, E’ = 31.2MN/m

2
. 

(6) Due to limited localised GI data for Mercia Mudstone – III/IV, the characteristic ϕ' derived in the AMAR GIR was adopted for design. 

(7) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. In the absence of local PI data, an f1 value of 5.0 was adopted (after guidance in CIRIA C570), with a characteristic SPT of 40, cu= 200kN/m
2
. 

(8) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 40, Eu = 13.8MN/m
2
. 

Therefore E’ = 11.0MN/m
2
. 

(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Head Deposits, the classification used for the strata in the AMAR GIR was adopted. 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Earthwork regrade was considered at this location, however due to slope profile impeding 
the HE boundary and environmental barrier, this solution was not viable. A retaining wall is 
recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
   

GEOTECHNICAL DESIGN CONCLUSIONS 
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No additional GI will be undertaken specifically for this location. 

 
  

FURTHER GROUND INVESTIGATION 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-191560-191580NB-GSS-CE-000001 Page 11 of 22 

 UNCONTROLLED IF COPIED OR PRINTED 

 

HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191560-191580SB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

SK43SE25, HIS0021, HIS0022, CP1112, RC1112
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191560-191580NB

Client: Highways England Borehole ID:
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 Undrained Shear Strength vs Elevation
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-191760-191820NB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Regrade (1:3.0) 

Structure Number GANTRY_3181 

Structure Type MS4 Cantilever Gantry 

Design Chainage 191760-191820 

Carriageway Northbound 

Marker Post 191/7+80 – 191/8+20 

National Grid Reference E 447270, N 333810 – E 447266, N 333868 

Existing Ground Level at 
Location 

Carriageway 33.7mAOD 

Crest of Bund 35.7mAOD 

Earthwork Type NB: Bund SB: N/A  HAGDMS designation  
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From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: 20° SB: N/A 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-191760-191820NB-GSS-CE-000001 Page 2 of 18 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 191760-191820 - Full Height Regrade (1:3.0). 

Proposed Major Structures: 

Within the chainage extents, Gantry 318 is to be constructed at Ch191801. 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at the location is classified as a bund. 
The bund is approximately 2.0m high with a typical slope angle of 20o. 

The critical cross section Ch191760 was chosen based on the greatest vertical regrade height 
required. 

 

Figure 2: Topographic Critical Cross Section Ch191780 
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Utilities:  

There are BT Comms at the bund crest running parallel to the motorway and a buried Western 
Power high voltage cable is in the adjacent field running parallel to the road. 

 

Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Beeston Sand and Gravel Member (Glaciofluvial Deposits); 

Solid Deposits: Gunthorpe Member (Mercia Mudstone) 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 3 No. 
relevant exploratory holes were considered outside the design chainage; as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 

  

Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 
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Historical Boreholes: 

 Closest Borehole 
Number 

NWHM4  

 Borehole Chainage 191907  

 Borehole Location Northbound verge  

 National Grid 
Reference 

E 447257, N 333953  

 Ground Level at 
Exploratory Hole 

34.91m AOD (Above Ordnance Datum)  

 RAG Analysis Green  

 Date Drilled 04/09/1999 – 06/09/1999  

 Termination Depth 12.35 metres below ground level (mbgl)  

 

Other suitable holes  CP1113, RC1113 
 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data. The ground conditions are assessed from the top (35.7m AOD) of 
the adjacent bund which is assumed to be constructed from Embankment Fill, 
carriageway level at this location is approximately 33.7m AOD. 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 

 
SPT (N) Value 

Embankment Fill  2.0 33.7 None recorded 

Glaciofluvial Deposits (coarse 
grained) 

4.6 31.1 20-150 (20) 

Mercia Mudstone – III/IV Not proven Not proven 40-43 (40) 

(1) Ground level is assumed to be at the crest of the bund (of which is anticipated to comprise Embankment Fill). 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 
 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes CP1112, 
NWHM66 and RC1112. 

Groundwater: 

Groundwater was not apparent during drilling in CP1112 or RC1112.  

Groundwater seepage was recorded at 2.10mbgl (33.4mAOD) in Glaciofluvial Deposits 
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(coarse grained) in NWHM4. 

Groundwater Design Level: 

Given the lack of local groundwater level available, a design groundwater level of 1.0m below 
ground level throughout the bund has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

2 No. Moisture Content Tests were undertaken within historical exploratory holes with the 
following results for the strata noted in the ground model: 

Historical Exploratory 
Hole 

Stratum Depth to Top of Test 
(mbgl) 

Natural Moisture 
Content (%) 

NWHM4 
Glaciofluvial Deposits (coarse 

grained) 
0.10 3.7 

NWHM4 
Glaciofluvial Deposits (coarse 

grained) 
0.75 2.4 

 

Lab Test Data – BRE Classification: 

The following chemical testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water 
No. of 
Tests 

Result Unit 

Glaciofluvial 

Deposits (coarse 

grained) 

pH 
Solid (water 

extract) 
1 8.30 - 

Glaciofluvial 
Deposits (coarse 

grained) 
pH Water 2 

8.09-

8.42 
- 

Glaciofluvial 
Deposits (coarse 

grained) 

Sulphate (Total) as 

SO4 

Solid (2:1 

soil/water 

extract) 

1 0.020 g/l 

Glaciofluvial 
Deposits (coarse 

grained) 

Sulphate (Total) as 

SO4 
Water 2 

0.076-

0.410 
g/l 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000036 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model, to be confirmed by ‘Just in Time’ Validation Ground 
Investigation: 
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Embankment 

fill 
0-2.0 

35.7-

33.7 2.0 21 27 0 100 7.8 6.2 0.50 0.20 2.60 0.45 - 6.2* - 
DS-2 

AC-2 

DS-2 

AC-2 

Glaciofluvial 

Deposits 

(Coarse 

Grained) 

2.0-

4.6 

33.7-

31.1 2.6 21 33 - - - 31.2 - 0.25 12.50 - 1.0 - 50 
DS-1 

AC-1 
 

Mercia 

Mudstone 

III/IV 

>4.6 <31.1 - 21 30 2 200 13.8 11.0 0.50 0.20 3.60 0.45 - 9 - 
DS-2 

AC-2 

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) Given the lack of GI data for Embankment Fill, the characteristic cu and E values given in the AMAR GIR were adopted. 

(5) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7
th
 Edition). For a characteristic SPT ‘N’ 

value of 20, ϕ' was found to be 33
o
. 

(6) cu of Mercia Mudstone – III/IV was determined using recorded SPT ‘N’ values and the Stroud correlation. Due to the limited amount of local PI data, a typical f1 value of 5.0 was used along with the typical SPT ‘N’ value of 40. 

(7) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 20, E’ = 31.2MN/m

2
. 

(8) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 40, Eu = 13.8MN/m
2
. 

Therefore E’ = 11.0MN/m
2
. 

(9) Shear modulus is based on G = E/2(1+v). 
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(10) Adhesion factor for Embankment fill is based on BS8004 (equation 41). Adhesion factor for Mercia Mudstone is based on Table 4.17 in Tomlinson and Woodward. 

(11) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  

(12) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(13) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 

(14) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill and Mercia Mudstone, the classification used for the strata in the AMAR GIR was adopted. 
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Figure 4: Geological Long Section 

 

  



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-191760-191820NB-GSS-CE-000001 Page 10 of 18 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

191760 191820 Full Height Regrade (1:3.0) N/A N/A 

 
Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

Number 
of Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2x2) 
750 13 2.25 11 209 454 

 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH – G318, Ch191801, Northbound, 18m dynamic sample with rotary follow on.  

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191780-191820NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1112, RC1112, NWHM4

Rev: P01        Date: 02/03/2017 Ref:  HA549342-AMAR-HGT-191780-191820NB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191780-191820NB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

RC1112

Rev: P01        Date: 02/03/2017 Ref:  HA549342-AMAR-HGT-191780-191820NB-GSS-CE-000001
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-192100-192140NB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Embankment Widening (1:2.0), <500mm Fill, 
Granular Wedge at Embankment Crest (1:2.0) 

Structure Number GANTRY_319 1 

Structure Type ADS Cantilever Gantry 

Design Chainage 192100-192140 

Carriageway Northbound 

Marker Post 192/1A+00-192/1A+40 

National Grid Reference E 447223, N 334141- E 447217, N 334162 

Existing Ground Level at 
Structure Location 

Carriageway 37.9mAOD 

Toe of Embankment 35.0mAOD 

Earthwork Type NB: Embankment  SB: N/A  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_22045  SB:N/A HAGDMS designation   

Earthwork Height NB: 2.9m SB:N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 17° SB:N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in accordance w

HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 
 
 
 
 
 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch192100-192120 – Full Height Embankment Widening (1:2.0); 

 Ch192120-192130 – <500mm Fill; 

 Ch192130-192140 - Granular Wedge at Embankment Crest (1:2.0); 

Proposed Major Structures:   

ADS cantilever gantry structure, situated on the northbound carriageway at Ch192101. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is to be located on an embankment of 
approximately 3.1m height and a slope of 17°. 

The critical cross section (the cross section with the greatest earthwork height) used is 
Ch192110 for Full Height Embankment Widening (1:2.0) and Ch192130 for Granular Wedge at 
Embankment Crest (1:2.0). 
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Figure 2.1: Topographic Cross Section Ch192110 

 

Figure 2.2: Topographic Cross Section Ch192130 

Utilities:  

A BT Comms Cable runs parallel to carriageway around 1m from VRS.  

 

Figure 3: Utilities Plan 
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Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough  indicates that the site is underlain by: 

Superficial Deposits: Beeston Sand and Gravel Member (Glaciofluvial Deposits) 

Solid Deposits: Gunthorpe Member (Mudstone – Mercia Mudstone Group) 

Ground Investigation: 

There is 1 No. historical exploratory holes recorded within the design chainage on the 
southbound, with additional 2 No. relevant exploratory holes considered outside as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000037, Rev P01 

 

Figure 4: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1113  

 Borehole Chainage 192200  

 Borehole Location Northbound - verge  

 National Grid Reference E 447196, N 334236  

 Ground Level at 
Exploratory Hole 

40.05 metres above Ordnance Datum (mAOD)  

 RAG Analysis Green  
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 Date Drilled 03/11/2006  

 Termination Depth 14.60 metres below ground level (mbgl)  

 

Other suitable holes  SK43SE286 & SK43SE26 
 

 

 

Existing Ground Conditions:  
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR Survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Embankment Fill 2.90 35.00 15 (15) 

Glaciofluvial Deposits (coarse 
grained) 

5.00 32.85 16-107 (20) 

Mercia Mudstone – III/IV 6.90 25.95 21-67 (21) 

Mercia Mudstone – I/II >6.90 <25.45 >150 (150) 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Mercia Mudstone - I/II was encountered in the borehole. Given the uncertainties on ground conditions, this has been modelled as Mercia 

Mudstone – III/IV in the ground model for a conservative design. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory holes 
SK43SE286, CP113 and SK43SE26. 

Groundwater: 

The following groundwater strikes were recorded in the historical exploratory holes (no 
groundwater data was recorded in CP1113): 

 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

mbgl mAOD Time mbgl mAOD 

SK43SE26 

Glaciofluvial 
Deposits 
(coarse 
grained) 

1.83 33.17 20minutes 1.37 33.63 

SK43SE286 

Glaciofluvial 
Deposits 
(coarse 
grained) 

2.50 33.77 - - - 

Groundwater Design Level: 

Limited local groundwater level is available and therefore a design groundwater level of 1.0m 
below toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

3 No. Atterberg Limit Tests and 3 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results for the strata noted in the ground model: 

Historical 
Exploratory 

Hole 

Stratum Depth to Top 
of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index 
(%) 

Plasticity 
Class 

CP1113 
Embankment 

Fill 
4.00 11.76 36 14 22 CI 

CP1113 

Glaciofluvial 

Deposits (fine 

grained) 

4.50 16.19 39 19 20 CI 

CP1113 

Mercia 

Mudstone – 

III/IV 

13.50 16.99 40 17 23 CI 

 
1 No. undrained triaxial test was undertaken with the following result: 
 

Historical 
Exploratory Hole 

Stratum 
Depth to Top of 

Test (mbgl) 
Depth to Top of 

Test (mAOD) 
Undrained Shear 
Strength (kN/m

2
) 

CP1113 Embankment Fill 3.50 36.55 139 
 

Lab Test Data – BRE Classification: 

The following chemical lab testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water 
No. of 
Tests 

Result Unit 

Embankment Fill pH 
Solid (water 

extract) 
1 7.8 - 

Embankment Fill 
Water-soluble 

sulphate 

Solid (2:1 

solid/water 

extract) 

1 1.7 g/l 

Embankment Fill 
Sulphate (Total) as 

SO4 
Solid 1 0.44 % 
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Assumed Ground Model For Design: 

Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000037 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002. Should be made specific to each proposed new location. The below table outlines the assumed anticipated ground model; strata 
type and depth will need to be confirmed with ‘Just In Time’ Ground Investigation. 
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Eu E’ vu ν’ 

Embankment 

Fill 

0-

2.90 

37.89-

34.99 2.90 21 26 0 75 6.3 5.0 0.50 0.20 2.1 0.51 - 6.2 - 
DS-3 

AC-3 

Glaciofluvial 

Deposits 

(coarse 

grained) 

2.90-

5.040 

34.99-

32.85 2.14 21 33 - - - 31.2 - 0.25 12.5 - 1.0 - 45 
DS-3 

AC-3 

Mercia 

Mudstone – 

III/IV 

5.04-

>6.9 

31.50-

<24.20 >3.00 21 26 2 105 8.1 6.5 0.50 0.20 2.7 0.44 - 9 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole SK42NE10. 

(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) cu of Embankment Fill can be derived using the Stroud correlation. The recorded PI of 22% gives an f1 value of 5kN/m
2
, combined with a recorded SPT N value of 15, this gives a typical cu of 75kN/m

2
. 

(5) ϕ' of Embankment Fill can be determined using Table 2 in BS8002:2015 using the recorded PI of 22% gives 26°. 

(6) E’ of Embankment Fill is based relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the recorded SPT N value of 15, Eu = 6.3MN/m
2
. Therefore E’ = 5.0MN/m

2
. 

(7) ϕ' of Glaciofluvial Deposits (coarse grained) can be determined using correlation with SPT (Peck 1974) N values. Using a typical N value of 20 gives an angle of 33°. 

(8) E’ of Glaciofluvial Deposits (coarse grained) can be determined using Bowles correlation E’ = 1200 (N + 6) which (using typical N value of 20) gives a value of 31.2MN/m
2
.  

(9) cu of Mercia Mudstone – III/IV can be derived using the Stroud correlation. A recorded PI of 23% gives an f1 value of 5kN/m
2
 for Mercia Mudstone – III/IV; combined with a conservative SPT N value of 21, this gives a cu of 

105kN/m
2
. 

(10) The ϕ' for Mercia Mudstone – III/IV is derived using plasticity index lab data (based on Table 2 in BS 8002:2015). The ϕ' obtained has a value of 26°. 
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(11) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 21 gives Eu = 8.1MN/m
2
. E’ of Mercia Mudstone – III/IV is based relationship by Wroth (1972) 

where E’ = 2/3 (1+v)Eu. 

(12) Shear modulus is based on G = E/2(1+v). 

(13) Adhesion factor is based on BS8004 (equation 41).  

(14) Nc is based on CIRIA C570. Embankment Fill is assumed to comprise reworked Mercia Mudstone. 

(15) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(16) Nq is based on relationship with density as shown in Tomlinson (Table 7.1). 

(17) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of local BRE test data for Glaciofluvial Deposits or Mercia Mudstone, the classification used in the AMAR GIR were adopted. 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (
o
) 

192100 192120 
Full Height Embankment 

Widening (1:2.0) 

2.4 26.6  

1V:2H 

192120 192130 <500mm Fill - - 

192130 192140 
Granular Wedge at 

Embankment Crest (1:2.0) 

3.5 45 

1V:1H 

 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2x2) 
900 25 2.70 13 467 1133 
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FURTHER GROUND INVESTIGATON 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following GI 
has been proposed: 

 BH-G319, CH192101, Northbound – 30.0m Dynamic Sample with Rotary Core follow 
on. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-192210-192400NB-GSS-000001 

Earthwork Widening 
Solution 

Granular Wedge at Embankment Crest 1:2 

Structure Number N/A 

Structure Type N/A 

Design Chainage 192210-192400 

Carriageway Northbound 

Marker Post 192/2+10 – 192/4+00 

National Grid Reference E 447194, N 334248 – E 447144, N 334433 

Existing Ground Level at 
Location 

Carriageway 43.9mAOD 

Toe of Embankment 36.4mAOD 

Earthwork Type NB: Embankment SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_22045 SB: N/A HAGDMS designation   

Maximum Earthwork 
Height 

NB: 7.5m SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: 27° SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 
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Reviewed 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Widening:   

The following widening is proposed for the chainage extents: 

 Ch192210-192400, Granular Wedge at Embankment Crest (1:2.0); 

Proposed Major Structures: 

N/A. 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at the location is classified as an 
embankment. The embankment increases in height from 4.2m in the south to 7.9m in the north 
of the extents with a typical slope angle of 27o. 

The critical cross section Ch192350 was chosen based on the greatest embankment height. 

 

Figure 2: Topographic Critical Cross Section Ch192350 
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Utilities:  

BT comms are present at the embankment crest running parallel to the carriageway along the 
entirety of the chainage extents. 

 

Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Beeston Sand and Gravel Member (Glaciofluvial Deposits); 

Solid Deposits: Gunthorpe Member (Mercia Mudstone) 

Ground Investigation: 

There are 3 No. historical exploratory holes recorded within the design chainage, with additional 
1 No. relevant exploratory hole considered; as shown on Geological Long Section, Drawing No. 
HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 

  

Figure 3: Borehole Location Plan 
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Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1113  

 Borehole Chainage 192200  

 Borehole Location Northbound verge  

 National Grid 
Reference 

E 447196, N 334236  

 Ground Level at 
Exploratory Hole 

40.05mAOD (above Ordnance Datum)  

 Date Drilled 03/11/2006 – 06/11/2006  

 Termination Depth 14.60m below ground level (mbgl)  

 Hole Category Green  

 

Other suitable holes  SK43SE26, SK43SE286, NWHM66 
 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions have been assumed based on historical Ground 
Investigation and driven LiDAR survey.  

 
 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 

 
SPT (N) Value 

Embankment Fill  7.5 36.4 15-150 (15) 

Glaciofluvial Deposits (fine 
grained) 

9.3 34.6 29 

Glaciofluvial Deposits (coarse 
grained) 

11.0 32.9 16-107 (20) 

Mercia Mudstone – III/IV Not proven Not proven 21-150 (35) 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) Characteristic SPT ‘N’ values are given in brackets. Extrapolated SPT ‘N’ values have been capped at 150. 

(4) Mercia Mudstone – I/II was recorded at depth beneath Mercia Mudstone – III/IV, but for a conservative design only Mercia Mudstone – 

III/IV has been included. Any in situ or laboratory tests undertaken within Mercia Mudstone – I/II have not been used to derive geotechnical 

properties of Mercia Mudstone – III/IV. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes CP1113, 
SK43SE26, SK43SE286 and NWHM66. 

Groundwater: 

The following groundwater strikes were recorded in the historical exploratory holes (no 
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groundwater data was recorded in CP1113): 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

mbgl mAOD Time mbgl mAOD 

SK43SE26 

Glaciofluvial 
Deposits 
(coarse 
grained) 

1.83 33.17 20minutes 1.37 33.63 

SK43SE286 

Glaciofluvial 
Deposits 
(coarse 
grained) 

2.50 33.77 - - - 

NWHM66 
Mercia 

Mudstone – 
III/IV 

14.80 27.82 - - - 

Groundwater Design Level: 

Limited local groundwater level is available and therefore a design groundwater level of 1.0m 
below toe of embankment (35.4mAOD) has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

4 No. Atterberg Limit Tests and 4 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results for the strata noted in the ground model: 

Historical 
Exploratory 

Hole 

Stratum Depth to Top 
of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index 
(%) 

Plasticity 
Class 

CP1113 
Embankment 

Fill 
4.00 11.76 36 14 22 CI 

CP1113 

Glaciofluvial 

Deposits (fine 

grained) 

4.50 16.19 39 19 20 CI 

NWHM66 

Mercia 

Mudstone – 

III/IV 

12.50 27.00 36 19 17 CI 

CP1113 

Mercia 

Mudstone – 

III/IV 

13.50 16.99 40 17 23 CI 

 
1 No. undrained triaxial test was undertaken with the following result: 
 

Historical 
Exploratory Hole 

Stratum 
Depth to Top of 

Test (mbgl) 
Depth to Top of 

Test (mAOD) 
Undrained Shear 
Strength (kN/m

2
) 

CP1113 Embankment Fill 3.50 36.55 139 

 
 

Lab Test Data – BRE Classification: 

The following chemical lab testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water 
No. of 
Tests 

Result Unit 

Embankment Fill pH 
Solid (water 

extract) 
1 7.8 - 

Embankment Fill pH Solid 1 8.6 - 

Embankment Fill 
Water-soluble 

sulphate 

Solid (2:1 

solid/water 

extract) 

1 1.7 g/l 

Embankment Fill 
Sulphate (Total) as 

SO4 
Solid 1 0.08 % 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000037 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model, to be confirmed by ‘Just in Time’ Validation Ground 
Investigation: 
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Eu E’ vu ν’ 

Embankment 

Fill 0-7.5 43.9-36.4 7.5 21 27 0 75 6.3 5.0 0.50 0.20 
DS-3  

AC-3 

Glaciofluvial 

Deposits (fine 

grained) 
7.5-9.3 36.4-34.6 1.8 21 26 0 100 10.0 8.0 0.50 0.20 

DS-3  

AC-3 

Glaciofluvial 

Deposits 

(coarse grained) 

9.3-
11.0 

34.6-32.9 1.7 21 33 - - - 31.2 - 0.25 
DS-3  

AC-3 

Mercia 

Mudstone – 

III/IV 

>11.0 <32.9 - 21 30 2 175 10.8 8.6 0.50 0.20 
DS-2  

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill, Glaciofluvial Deposits and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7

th
 Edition). For a characteristic SPT ‘N’ 

value of 20, ϕ' was found to be 33
o
. 

(5) cu of Embankment Fill and Mercia Mudstone – III/IV was determined based on recorded undrained triaxial tests and cu derived using the Stroud correlation. Due to the limited amount of local PI data, a typical f1 value of 5.0 

was used. 
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(6) Given the lack of GI data for Glaciofluvial Deposits (fine grained), the characteristic cu and E values given in the AMAR GIR were adopted. 

(7) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 15, Eu = 6.3MN/m
2
. Therefore E’ = 

5.0MN/m
2
. 

(8) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 20, E’ = 31.2MN/m

2
. 

(9) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 30, Eu = 10.8MN/m
2
. 

Therefore E’ = 8.6MN/m
2
. 

(10) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of local BRE test data for Glaciofluvial Deposits or Mercia Mudstone, the classification used in the AMAR GIR were adopted. 
 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solution is proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution 

Benching Detail 

Base Width 
(m) 

Batter Angle 
(°) 

192210 192400 
Granular Wedge at Embankment Crest 

(1:2.0) 
6.8 1:1 

 

Proposed Structural Solution: 

N/A. 

 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 CPT-11, Ch192344, Northbound, 5m deep CPT exploratory hole.  

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192170-192370NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1113, SK43SE286, SK43SE26, NWHM66

Rev: P01        Date: 01/03/2017 Ref:  HA549342-AMAR-HGT-192170-192370NB-GSS-CE-000001
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-192470-192500NB-GSS-000001 
Earthworks Widening 
Solution Full Height Embankment Widening (1:2.0) 

Structure Number GANRTRY_321 

Structure Type MS4 Cantilever 

Design Chainage 192470-192500 

Carriageway Northbound 

Marker Post 192/4+70 – 192/5+00 

National Grid Reference E 447139, N 334506 – E 447136, N 334534 
Existing Ground Level at 
Location 

Carriageway 45.4mAOD 
Toe of embankment 38.5mAOD 

Earthwork Type NB: Embankment SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_22045 SB: N/A  HAGDMS designation   
Maximum Earthwork 
Height NB: 6.9m SB: N/A  

From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: 27° SB: N/A  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 
1 Structure numbers in accordance
HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location a Full Height Embankment Widening 
(1:2.0) has been proposed. 

Proposed Major Structures: 
A new MS4 Cantilever Gantry (GANTRY_321) at Ch192476. 

Topography:  
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at the location is classified as an 
embankment. The embankment has a height of approximately 6.9m with an existing slope 
gradient of approximately 21° and a proposed slope gradient of 1V:2H. 

The critical cross sections (i.e. the cross section with the greatest earthwork height) used is at 
Ch192470. 
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Figure 2: Topographic Critical Cross Section Ch192470 

Utilities:  
A BT comms cable is located at the edge of the carriageway. 

 
Figure 3: Utilities Location Plan 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Head (Clay, Silt, Sand and Gravel) 

Solid Deposits: Gunthorpe Member (Mudstone – Mercia Mudstone Group) 

Ground Investigation: 
There are no historical exploratory holes recorded within the design chainage, however 4 No. 
additional relevant exploratory holes outside design chainage were considered as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000037, Rev P01. 
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Figure 3: Borehole Location Plan 

Flood Risk: 
The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

HIS0023  

 Borehole Chainage 192514  

 Borehole Location Northbound (0.5m from VRS)  

 National Grid 
Reference 

E 447137, N 334548  

 Ground Level at 
Exploratory Hole 

39.20mAOD  

 RAG Analysis Green  

 Date Drilled 23/06/1964 – 29/06/1964  

 Termination Depth 18.61 metres below ground level (mbgl) 

20.59 metres above Ordnance Datum (mAOD) 

 

 

Other suitable holes  CP1115 & HIS0025 & HIS0026 
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Existing Ground Conditions: 

 

The following ground conditions have been assumed based on historical Ground 
Investigation and driven LiDAR survey. 

 
 

Stratum Depth to Base (mbgl) Depth to Base (mAOD) SPT (N) Value 

Embankment Fill  6.9 38.5 19-28 (19) 

Head Deposits (fine grained) 8.9 36.5 10-23 (10) 

Glaciofluvial Deposits (fine 
grained) 10.5 34.9 None recorded 

Mercia Mudstone – III/IV Not proven Not proven 25-28 (25) 
(1) Ground level is assumed to be at carriageway level. 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 
(3) Characteristic ‘N’ Values are given in brackets. Given the limited amount of local GI data, these values were taken as the lower bound of 

the recorded range. 
(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 
(5) Depth of Embankment Fill is based on driven LiDAR survey data at the critical cross section location Ch192470. 
(6) Depths of natural strata are based on the closest historical exploratory hole to the critical cross section (HIS0023). 
(7) 2 No. SPTs were undertaken within Mercia Mudstone – Siltstone and experienced refusal; these have not been considered further. 
(8) 4 No. SPTs were undertaken within Glaciofluvial Deposits (coarse grained), of which is not included in the above ground model; therefore 

these have not been considered further. 
(9) Mercia Mudstone – Siltstone and Mercia Mudstone – I/II were recorded in CP1115, both at depth beneath Mercia Mudstone – III/IV. Given 

that the closest historical exploratory hole HIS0023 does not contain these strata, they have been excluded from the ground model. 
 

In Situ Testing: 
Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes HIS0023, 
HIS0025, HIS0026 and CP1115. 

Groundwater: 
The following groundwater strikes were recorded in the historical exploratory holes (no 
groundwater was apparent during boring of CP1115 but may have been masked by the 
addition of water):  

 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 
mbgl mAOD Time mbgl mAOD 

HIS0023 Head 
Deposits 

1.98 37.22 Unrecorded 1.52 37.68 

HIS0025 Glaciofluvial 
Deposits 

3.05 35.55 Unrecorded 2.13 36.47 

HIS0026 Head 
Deposits 

1.52 36.68 Unrecorded 1.22 36.98 

Groundwater Design Level: 
A groundwater level of 1.0m below toe of embankment (37.5mAOD) has been assumed for a 
conservative design. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
5 No. Atterberg Limit Test and 5 No. Natural Moisture Content tests were undertaken with the 
following results: 

Stratum Depth to Top of 
Test (mbgl) 

Natural 
Moisture 

Content (%) 
Liquid 

Limit (%) 
Plastic 

Limit (%) 
Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 2.7 19.17 33 16 17 CL 
Embankment Fill 4.7 15.52 31 13 18 CL 
Head Deposits 
(fine grained) 6.7 11.93 26 14 12 CL 

Head Deposits 
(fine grained) 8.7 20.34 46 17 29 CI 

Glaciofluvial 
Deposits (fine 

grained) 
11.8 18.74 34 17 17 CL 

2 No. Triaxial Tests were undertaken with the following results: 

Stratum Depth to Top of 
Test (mbgl) 

Undrained 
Shear Strength 

(kN/m2) 
Embankment Fill 2.2 116 

Embankment Fill 6.2 138 
 

Lab Test Data – BRE Classification: 
The following chemical testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) Unit 

Embankment Fill pH 
Solid (water 

extract) 
1 8.5 - 

Head Deposits pH 
Solid (water 

extract) 
5 7.2-8.5 - 

Head Deposits 
Sulphate (Total) as 

SO4 
Solid 4 0.04 % 

Glaciofluvial Deposits (fine 
grained) 

Sulphate (Total) as 
SO4 

Solid 3 0.01-0.37 % 

Glaciofluvial Deposits (coarse 
grained) 

pH 
Solid (water 

extract) 
3 7.0-7.2 - 

Glaciofluvial Deposits (coarse 
grained) 

Sulphate (Total) as 
SO4 

Water 1 0.05 g/l 

Mercia Mudstone – III/IV pH 
Solid (water 

extract) 
20 4.6-8.4 - 

Mercia Mudstone – III/IV 
Sulphate (Total) as 

SO4 
Solid 14 0.07-0.25 % 

Mercia Mudstone – III/IV 
Sulphate (Total) as 

SO4 
Water 3 0.18-0.55 g/l 
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Assumed Ground Model For Design: 
Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000037 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model, to be confirmed by ‘Just in Time’ Validation Ground 
Investigation: 

St
ra

tu
m

 

D
ep

th
 (m

 b
gl

) 

D
ep

th
 (m

 A
O

D
) 

Th
ic

kn
es

s 
(m

) 

B
ul

k 
D

en
si

ty
 γ

b 
(k

N
/m

3)
 

Fr
ic

tio
n 

A
ng

le
 φ

’ (
°)

 

C
oh

es
io

n 
c’

 (k
N

/m
2 ) 

U
nd

ra
in

ed
 S

he
ar

 
St

re
ng

th
 c

u 
(k

N
/m

2 ) 

Young’s 
Modulus 
(MN/m2) 

Poisson’s 
Ratio 

Sh
ea

r M
od

ul
us

 (M
N

/m
2 ) 

A
dh

es
io

n 
Fa

ct
or

 α
 

N
c 

B
R

E 
C

la
ss

ifi
ca

tio
n 

Eu E’ vu ν’ 

Embankment 
Fill 

0-6.9 
45.4-
38.5 6.9 21 27 0 116 7.5 3.8 0.50 0.20 2.5 0.42 6.2* 

DS-2 
AC-2 

Head 
Deposits 

(fine grained) 

6.9-
8.9 

38.5-
36.5 2.0 20 27 0 95 4.8 6.0 0.50 0.20 1.6 0.46 9 

DS-1 
AC-1 

Glaciofluvial 
Deposits 

(fine grained) 

8.9-
10.5 

36.5-
34.9 1.6 21 26 0 100 10.0 8.0 0.50 0.20 3.3 0.45 9 

DS-3 
AC-3 

Mercia 
Mudstone – 

III/IV 
>10.5 <34.9 - 21 30 2 125 9.3 7.4 0.50 0.20 3.1 0.45 9 

DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill, Head Deposits, Glaciofluvial Deposits (fine grained) and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) Given the limited amount of local data for Glaciofluvial Deposits (fine grained), the characteristic parameters given in the AMAR GIR were adopted. 
(5) cu of Embankment Fill, Head Deposits and Mercia Mudstone – III/IV  was determined based on recorded undrained triaxial tests and cu derived using the Stroud correlation. Due to the limited amount of local PI data, a typical 

f1 value of 5.0 was used. 
(6) Eu of Embankment Fill can be determined using Bowles relationship Eu = 300 (N + 6); using a N value of 19 (Taken from exploratory hole CP1115) gives Eu = 7.5MN/m2.  Using Wroth (1972) E’ can then be calculated using 
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E’ = 2/3 (1 + v) Eu = 6.0MN/m2. 
(7) Eu for Head deposits can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 10 (Taken from exploratory whole CP1115) gives Eu = 4.8MN/m2. Using Wroth (1972) E’ can then be 

calculated using E’ = 2/3 (1 + v) Eu = 3.8MN/m2. 
(8) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the conservative SPT ‘N’ value of 25, Eu = 9.3MN/m2. 

Therefore E’ = 7.4MN/m2. 
(9) Adhesion factor for Embankment fill is based on BS8004 (equation 41). Adhesion Factor for Mercia Mudstone is based on Table 4.16 in Tomlinson and Woodward. 
(10) Shear modulus is based on G = E/2(1+v). 
(11) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(12) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 
(13) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 
(14) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of sufficient local BRE test data for Embankment Fill, Head Deposits (fine grained) or Glaciofluvial Deposits (fine grained), the 

classification used for the strata in the AMAR GIR was adopted. 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Density γb  

(kN/m3) 
Friction Angle φ’ 

 (°) 
Young’s Modulus E’  

(MN/m2) 
Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 
Following design, the below widening solutions are proposed: 

Start Chainage End Chainage Widening Solution 
Benching Detail 

Base Width (m) Batter Angle (°) 

192470 192500 Full Height Embankment Widening 1:2  3.9 1:2 

 
Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

Structure 
Reference 

Number 
of Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 

Pile 
Working 

Load (kN) 

Gantry 321 4 750 15 2.25 11 181 510 

 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

• BH-G321, Ch192476, Northbound, dynamic sample with rotary core follow to 
20mbgl. 
  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-192980-193020NB-GSS-000001 

Structure Number N/A 

Structure Type Gabion Wall 

Design Chainage 192980-193020 

Carriageway Northbound 

Marker Post 192/9+80 – 193/0+20 

National Grid Reference E 447145, N 335017 – E 447148, N 335057 

Existing Ground Level 
at Location 

Crest 52.5mAOD 

Carriageway 45.0mAOD 

Earthwork Type NB: Cutting SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_22261 SB: N/A HAGDMS designation   

Earthwork Height NB: 6.5-8.0m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 16° SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Widening:   

Gabion wall has been proposed as the widening solution at this location. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at this location is classified as a cutting 
of 6.5-8.0m height and a typical slope angle of 16°.  

The critical cross section (i.e. the section with greatest retained height, 1.6m) chosen for design 
has a height of 7.5m and a typical slope angle of 16°. 
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Figure 2: Topographic Critical Cross Section Ch193010 

Utilities:  

Western Power Low Voltage Meter Connection running northbound to southbound at 
approximately ch.192990. 

 

Figure 2: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits:  None recorded 

Solid Deposits: Gunthorpe Member - Mudstone 
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Ground Investigation: 

1 No. historical exploratory hole is located between Ch192980-193050 and 1 No. additional 
relevant historical exploratory hole is located outside the widening location.  

 

Figure 3: Borehole Location Plan 

Flood Risk: 

Location is not in a flood risk area. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1116  

 Borehole Chainage 192983  

 Borehole Location Northbound (beyond HE earthwork)  

 National Grid 
Reference 

E 447124, N 335022  

 Ground Level at 
Exploratory Hole 

48.95mAOD  

 RAG Analysis Green  

 Date Drilled 05/10/2006 – 06/10/2006   

 Termination Depth 8.50 metres below ground level (mbgl) (40.45mAOD)  
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Other suitable 
holes  

HIS0028 
 

 

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and 
driven LIDAR Survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to 

Base (mAOD) 

 
SPT (N) 

Embankment Fill (Made 
Ground) 

5.58 45.20 6-7 (7) 

Mercia Mudstone III/IV Not proven Not proven 67-150 (67) 

(1) Ground level is assumed to be at the crest of the cutting 

(2) Earthwork height will vary per location analysed, therefore the above elevation/depth of Embankment Fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

(5) Cutting slope is made of Made Ground due to the slip road. 

(6) Mercia Mudstone – III/IV is divided at 10mbgl based on an increase in strength. 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in borehole CP1116 only. 

Groundwater: 

Groundwater was encountered at a depth of 2.70mbgl (42.50mAOD) in the borehole 
HIS0028. No groundwater was recorded in borehole CP1116. 

Groundwater Design Level: 

A design groundwater level of 1.0m below ground level throughout the cutting was 
assumed for design. For the purpose of slope W analysis, an Ru value of 0.2 has been 
adopted. 

  



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-192980-193020NB-GSS-CE-000001 Page 6 of 16 

 UNCONTROLLED IF COPIED OR PRINTED 

 

GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

4 No. Atterberg Limit Tests and 4 No. Moisture Content Tests were completed in the 
historical exploratory holes: 

Stratum 
Depth to Top 
of Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment 
Fill 

 (Made Ground) 
47.30 22 49 23 26 CI 

Embankment 
Fill 

 (Made Ground) 
45.50 21 36 19 17 CI 

Mercia 
Mudstone – 

III/IV 
43.50 9 31 14 17 CL 

Mercia 
Mudstone – 

III/IV 
41.95 11 34 16 18 CL 

 

Lab Test Data - Chemical: 

2 No. Sulphate and 1 No. pH Tests were completed in in the historical exploratory holes: 

Stratum Determinand Solid/Water No. of 
Tests 

Result 
(range) 

Unit 

Mercia 
Mudstone – 
III/IV 

Sulphate (Total) 
as SO4 

Solid 1 0.06 %SO4 

Mercia 
Mudstone – 
III/IV 

Water Soluble 
Sulphate as SO4 

Water 1 0.16 g/l SO4 

Mercia 
Mudstone – 
III/IV 

pH Solid 1 7.1 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002.The below table outlines the assumed anticipated ground model; strata type and 
depth will need to be confirmed with ‘Just In Time’ Ground Investigation. 
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Eu E’ vu ν’ 

Embankment Fill 

(Made Ground) 

0.00 – 

5.58 

50.65 – 

45.20 5.58 21 25 0 32 3.9 3.1 0.50 0.20 DS-2 AC-2 

Mercia Mudstone  

III/IV  
>5.58 <45.20 Not proven 21 30 2 389 21.9 17.5 0.50 0.20 DS-1 AC-1 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) ϕ' of Embankment Fill is determined using Table 2 in BS8002:2015 using the recorded PI of 26% gives 25°. 
(4) cu of Embankment Fill  is derived using the Stroud correlation. The recorded PI of 26% gives an f1 value of 4.6, using a recorded SPT of 7, Cu=32kN/m

2
. 

(5) E’ of Embankment Fill is based relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the intermediate SPT N value of 7, Eu = 3.9MN/m
2
. Therefore E’ = 3.1MN/m

2
. 

(6) cu of Mercia Mudstone – III/IV can be derived using the Stroud correlation. A recorded PI of 17% gives an f1 value of 5.8, with an SPT of 67, Cu=389kN/m
2
. 

(7) E’ of Mercia Mudstone is based relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the intermediate SPT N value of 67, Eu = 21.9MN/m
2
. Therefore E’ = 

17.5MN/m
2
. 

(8) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill, the classification used for the strata in the AMAR GIR was adopted. 
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Imported Granular Fill (Class 6N) has been proposed to allow design of the alternative gabion wall solution. The gabion box itself was modelled as a 
‘High Strength’ material in SLOPE/W. The granular material has been assumed to have the following properties: 

 

Stratum 

Bulk 

Densityb 
(kN/m

3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus 
E’ (MN/m

2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Earthwork regrade was considered at this location, however due to proximity of slip road, 
this solution was not viable and therefore a gabion wall was chosen: 

Start 
Chainage 

End 
Chainage 

Solution Layers 

Gabion Wall Dimensions 

Width (m) 
Length 

(m) 
Height (m) 

Benching 
Gradient 

192980 193020 
Gabion 

Wall 

Lower 1.0 1.0 1.0 

45° 

Upper 1.0 1.0 1.0 

193250 193320 
Gabion 

Wall 

Lower 1.0 1.0 1.0 

45° 

Upper 1.0 1.0 1.0 

 

  

GEOTECHNICAL DESIGN CONCLUSIONS 
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FURTHER GROUND INVESTIGATION 
 

No further ground investigation has been proposed between Ch192980-Ch193020 during 
the JIT ground investigation. 
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HISTORICAL EXPLORATORY HOLES 
 

 
 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-192980-193020NB-GSS-CE-000001 Page 13 of 16 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 

 
  



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-192980-193020NB-GSS-CE-000001 Page 14 of 16 

 UNCONTROLLED IF COPIED OR PRINTED 

 

PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192980-193020NB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1116

Rev: P01        Date: 25/04/2017 Ref:  HA549342-AMAR-HGT-192980-193020NB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192980-193020NB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1116
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192980-193020NB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

CP1116 & HIS0028
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-193200-193420NB-GSS-000001 
Earthworks Retaining 
Solution King Sheet Pile Retaining Wall; Gabion Wall 

Structure Number GANTRY_324 1 

Structure Type MS4 Cantilever 

Design Chainage 193200-193420 

Carriageway Northbound 

Marker Post 193/2+00 – 193/4+20 

National Grid Reference E 447166, N 335236 – E 447175, N 335454 
Existing Ground Level at 
Location 

Carriageway 47.1-47.9mAOD 
Crest of cutting 51.4-54.2mAOD 

Earthwork Type NB: Cutting SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_22190 SB: N/A HAGDMS designation   

Earthwork Height NB: 5.3m-6.4m SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 25°-27° SB: N/A  From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 
1 Structure numbers in accordance
HA549342-AMAR-HML-MLC-DR-CH-000025 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
 

DESK STUDY 

 
 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• Ch193250-193320 – gabion wall (up to 0.5m retained height); 
• Ch193320-193350 – king sheet pile wall (up to 2.3m retained height); 
• Ch193350-193420 – gabion wall (up to 1.0m retained height). 

Proposed Major Structures:   
A new MS4 cantilever Gantry structure (GANTRY_324) at Ch193331.  

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as a 
cutting. 

At the proposed king sheet pile wall locations and at GANTRY_324 the cutting is approximately 
4.3m-4.6m high (increasing from south to north) and has a typical slope gradient of approximately 
24°. 
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At the proposed gabion wall locations the cutting is approximately 1.7m-6.4m high (increasing 
from south to north) and has a typical slope gradient of approximately 24°. 

The critical cross section was at Ch193340 for sheet pile walls and at Ch193410 for gabion walls; 
design for the above retained heights has been undertaken using the slope geometry within these 
cross sections.  

 
Figure 2.1: Topographic Critical Cross Section Ch193340 (for sheet pile walls and GANTRY_324) 

 
Figure 2.2: Topographic Critical Cross Section Ch193410 (for gabion walls) 

Utilities:  
There are no known utilities in close proximity to the proposed earthworks. 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 125, Derby and Map Sheet 141, Loughborough;  indicates that the site 
is underlain by: 

Superficial Deposits: N/A 

Solid Deposits: Gunthorpe Member (Mercia Mudstone Group) 

Ground Investigation: 
There are 2 No. historical exploratory holes recorded within the design chainage, with additional 1 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-193200-193420NB-GSS-CE-000001 Page 4 of 18 
 UNCONTROLLED IF COPIED OR PRINTED 

 

No. relevant exploratory holes considered; as shown on Geological Long Section, Drawing No. 
HA549342-AMAR-HGT-SWI-DR-CE-000039, Rev P01. 

  
Figure 3: Borehole Location Plan 

Flood Risk: 
This location is not in an area at risk from flooding. 

Historical Boreholes: 

 Relevant Borehole 
Number 

NWHD18A NWHM5 NWHD18B  

 Borehole Chainage 193386  193403 193388  

 Borehole Location Northbound (in 
existing verge) 

Northbound (in 
existing verge) 

Southbound (in 
existing verge) 

 

 National Grid 
Reference 

E 447174, N 
335420 

E 447175, N 
335438 

E 447213, N 
335420 

 

 Ground Level at 
Exploratory Hole 

47.60mAOD 47.67mAOD 48.50mAOD  

 RAG Analysis Amber Green Amber  

 Date Drilled 07/09/1999 03/09/1999 – 
04/09/1999 

09/09/1999  

 Termination Depth 1.5 metres below 
ground level 
(mbgl) 

12.00 mbgl 2.20mbgl  

 

Other suitable holes  None 
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Existing Ground Conditions (Ch193340 for sheet pile walls and GANTRY_324): 

The following ground conditions have been assumed based on historical Ground Investigation and 
driven LiDAR survey. 

Stratum Depth to Base 
(mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range 

Mercia Mudstone – III/IV 5.3 46.1 None recorded 

Mercia Mudstone – I/II >5.3 <46.1 >150 
(1) Ground level is assumed to be at the crest of the cutting. 
(2) SPT capped at 150. 

Existing Ground Conditions (Ch193420 for gabion walls): 

The following ground conditions have been assumed based on historical Ground Investigation and 
driven LiDAR survey. 

Stratum Depth to Base 
(mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range 

Mercia Mudstone – III/IV 8.0 46.2 None recorded 

Mercia Mudstone – I/II >8.0 <46.2 >150 
(1) Ground level is assumed to be at the crest of the cutting. 
(2) SPT capped at 150. 

Groundwater: 
No groundwater data was available for the historical exploratory holes. 

Groundwater Design Level: 
No local groundwater level is available and therefore a design groundwater level of 1.0m below 
ground level throughout cutting has been assumed. For the global stability check using SLOPE/W, 
Ru values of 0.2 were adopted for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
1 No Atterberg Limit Test and 4 No Moisture Content Tests were undertaken within Mercia 
Mudstone – I/II in historical exploratory hole NWHM5 with the following results: 

Depth to Top of 
Test (mbgl) 

Natural 
Moisture 

Content (%) 
Liquid 

Limit (%) 
Plastic 

Limit (%) 
Plasticity 
Index (%) 

Plasticity 
Class 

3.70 12.0 - - - - 

4.40 10.0 - - - - 

4.60 8.8 - - - - 

6.65 9.5 28 16 12 CL 
 

Lab Test Data – BRE Classification: 
The following test data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Made Ground pH Solid 2 7.8-8.7 - 

Made Ground Sulphate (Total) as SO4 Solid 2 0.02-0.06 % 

Made Ground Cl Solid 2 0.01-0.04 % 
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Assumed Ground Model For Design (Ch193340 for sheet pile walls and GANTRY_324): 
Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000039 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002. The below table outlines the assumed anticipated ground model at cutting crest for sheet pile walls and GANTRY_324 (Ch193340) 
to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Eu E’ vu ν’ 

Mercia 
Mudstone – 

III/IV 

0.0-
5.3 

51.4-
46.1 

5.3 21 30 2 100 10.8 8.6 0.50 0.20 3.6 0.45 6.2* DS-2 
AC-2 

Mercia 
Mudstone – 

I/II 
>5.3 <46.1 - 22 30 2 750 46.8 37.4 0.50 0.20 15.6 0.51 9 DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Stratum types and depths were derived from data recorded in historical boreholes NWHM5, NWHD18A and NWHD18B. 
(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) In the absence of local data, typical friction angle, undrained shear strength and Young’s Modulus for Mercia Mudstone – III/IV, as specified in the AMAR GIR, were adopted. 
(5) A conservative SPT N value of 150 has been used for the Mercia Mudstone – I/II, combined with a typical f1 value of 5 for Mercia Mudstone (CIRIA C570) to derive cu. 
(6) Eu for Mercia Mudstone – I/II can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 150 gives Eu = 46.8MN/m2. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) Eu 

= 37.4MN/m2. 
(7) Shear modulus is based on G = E/2(1+v). 
(8) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 
(9) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(10) In the absence of BRE test data for Mercia Mudstone, the classification used for the strata in the AMAR GIR was adopted. 
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Made Ground of 0.5m thickness is anticipated beneath the motorway footprint; typical parameters for Made Ground were not included in the AMAR 
GIR, so have been derived using published literature for coarse grained soils for Made Ground (coarse grained): 

Stratum 
Bulk 

Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E’ 
(MN/m2) Poisson’s Ratio ν’ BRE Classification 

Made Ground (coarse 
grained) 20 36 16 0.20 DS-1 AC-1 

(1) Bulk density and friction angle for Made Ground (coarse grained) was derived using guidance in BS8002:2015. E’ and v’ of Made Ground (coarse grained) is derived using guidance in CIRIA 103. 
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Assumed Ground Model For Design (Ch193340 for gabion walls): 
Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000039 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002. The below table outlines the assumed anticipated ground model at cutting crest for gabion walls (Ch193410) to be confirmed with 
‘Just In Time’ Validation Ground Investigation: 
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Mercia 
Mudstone – 

III/IV 

0.0-
8.0 

54.2-
46.2 

8.0 21 30 2 100 10.8 8.6 0.50 0.20 3.6 0.45 6.2* DS-2 
AC-2 

Mercia 
Mudstone – 

I/II 
>8.0 <46.2 - 22 30 2 140 46.8 37.4 0.50 0.20 15.6 0.38 9 DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Stratum types and depths were derived from data recorded in historical boreholes NWHM5, NWHD18A and NWHD18B. 
(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) In the absence of local data, typical friction angle, undrained shear strength and Young’s Modulus for Mercia Mudstone – III/IV, as specified in the AMAR GIR, were adopted. 
(5) Based on a recorded PI of 12%, using guidance in BS8002:2015, the Mercia Mudstone – I/II has a friction angle of 30°. 
(6) Based on recorded undrained triaxial tests for Mercia Mudstone – I/II, a typical cu of 140kN/m2 was adopted. 
(7) Eu for Mercia Mudstone – I/II can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 150 gives Eu = 46.8MN/m2. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) 

Eu = 37.4MN/m2. 
(8) Shear modulus is based on G = E/2(1+v). 
(9) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 
(10) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(11) In the absence of BRE test data for Mercia Mudstone, the classification used for the strata in the AMAR GIR was adopted. 
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Made Ground of 1.6m thickness is anticipated beneath the motorway footprint; typical parameters for Made Ground were not included in the AMAR 
GIR, so have been derived using published literature for coarse grained soils for Made Ground (coarse grained): 

Stratum 
Bulk 

Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E’ 
(MN/m2) Poisson’s Ratio ν’ BRE Classification 

Made Ground (coarse 
grained) 20 36 16 0.20 DS-1 AC-1 

(1) Bulk density and friction angle for Made Ground (coarse grained) was derived using guidance in BS8002:2015. E’ and v’ of Made Ground (coarse grained) is derived using guidance in CIRIA 103. 

Imported Granular Fill (Class 6N) has been proposed to allow design of the alternative gabion wall solution. The gabion box itself was modelled as a ‘High Strength’ 
material in SLOPE/W. The granular material has been assumed to have the following properties: 

Stratum 
Bulk 

Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus 
E’ (MN/m2) Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 
Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to proximity of slip road, 
this solution was not viable and therefore a gabion wall was chosen: 

Start 
Chainage 

End 
Chainage Solution Layers 

Gabion Wall Dimensions 

Width (m) Length 
(m) Height (m) Benching 

Gradient 

193200 193320 
Gabion 

Wall 

Lower 1.0 1.0 1.0 
45° 

Upper 0.5 0.5 0.5 

193350 193420 
Gabion 

Wall 

Lower 1.0 1.0 1.0 
45° 

Upper 0.5 0.5 0.5 

Where it was not possible to construct a gabion wall (due to spatial constraints) a king sheet 
pile retaining wall is recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 

Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 

Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 
Pile Working 

Load (kN) 

4 

(2x2) 
750 7.0 2.25 10 177 434 
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FURTHER GROUND INVESTIGATION 
 
‘Just in Time’ GI is required at this location to confirm the ground conditions, the following GI 
has been proposed: 
 

• BH-G324 at Ch193331, northbound, dynamic sample with rotary follow to 12.0mbgl. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
  

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 193200-193420
Client: Highways England Borehole ID:

Key
CL - Clay_Low Plasticity ML - Silt_Low Plasticity
CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity
CH - Clay_High Plasticity MH - Silt_High Plasticity
CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity
CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-193430-193480NB-GSS-000001 

Earthworks Widening 
Solution 

Gabion Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 193430-193480 

Carriageway Northbound 

Marker Post 193/4+30 – 193/4+80 

National Grid Reference E 447175, N 335467 – E 447175, N 335513 

Existing Ground Level  
Carriageway 47.9mAOD 

Crest of Cutting 54.8mAOD 

Earthwork Type NB: Cutting SB: N/A  HAGDMS designation  

Earthwork Number NB: 7_M1_22190 SB: N/A HAGDMS designation   

Earthwork Height NB: 6.9m SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 26°  SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 193430-193480 – Gabion Wall. 

Proposed Major Structures:   

N/A. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as a 
cutting. Across the location extents the cutting ranges from 6.5m to 6.9m in height and a typical 
slope gradient of 26°. 

The critical cross section (the cross section with the greatest retained height) used is at  
Ch193440. 
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Figure 2: Topographic Critical Cross Section Chainage 193440 

Utilities:  

There are no known utilities in close proximity to the proposed earthworks. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 125, Derby;  indicates that the site is underlain by: 

Superficial Deposits: None recorded 

Solid Deposits: Mercia Mudstone Group (Undifferentiated) 

Ground Investigation: 

There are no historical exploratory holes within the chainage extents, but there are considered to 
be 9 No. relevant exploratory holes. The closest historical exploratory hole (NWHM5) is located 
approximately 27m from the critical cross section location (Ch193440) and presented on Drawing 
No. HA549342-AMAR-HCT-SWI-DR-CE-000039.  
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Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

NWHM5 NWHD18A  

 Borehole Chainage 193403 193386  

 Borehole Location Northbound (in existing 
verge) 

Northbound (in existing 
verge) 

 

 National Grid 
Reference 

E 447175, N 335438 E 447174, N 335420  

 Ground Level at 
Exploratory Hole 

47.67metres above 
Ordnance Datum (mAOD) 

47.60mAOD  

 RAG Analysis Green Amber  

 Date Drilled 03/09/1999 – 04/09/1999 07/09/1999  

 Termination Depth 12.00 metres below 
ground level (mbgl) 

1.50mbgl  

 

Other suitable holes  HIS0030- HIS0034, NWHCCTV3, NWHD18B 
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Existing Ground Conditions: 
 

The following ground conditions have been assumed based on historical Ground Investigation and 
driven LiDAR survey. 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Mercia Mudstone – III/IV - - >150 

(1)  Ground level is assumed to be at the crest of the cutting 

(2) SPT capped at 150. 

(3) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

In Situ Testing: 

7 No. Standard Penetration Tests (SPTs) were undertaken within historical exploratory hole 
NWHM5 within Mercia Mudstone – III/IV only; all of these tests gave results >150. These results 
were considered to be unreliable due to the amount of extrapolation required to produce an SPT 
‘N’ value based on the small amount of penetration recorded from the in situ tests, therefore have 
not been considered further. 

No hand shear vane strength tests were recorded in the historical exploratory holes. 

Groundwater: 

The following groundwater strikes were recorded in historical exploratory holes for this location: 

 

No groundwater data was available for NWHCCTV3, NWHD18A, NWHD18B or NWHM5. 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

mbgl mAOD Time mbgl mAOD 

HIS0030 
Mercia 

Mudstone – 
III/IV 

3.81 49.10 Not recorded 2.44 50.47 

HIS0032 
Mercia 

Mudstone – 
III/IV 

3.51 47.69 Not recorded 2.13 49.07 

HIS0033 
Mercia 

Mudstone – 
III/IV 

2.13 48.37 - - - 

HIS0034 
Mercia 

Mudstone – 
Sandstone 

3.05 50.45 - - - 

Groundwater Design Level: 

Due to a lack of groundwater data available a groundwater level of 1.0m below carriageway level 
has been assumed for GAWACwin analysis for Gabion Walls. When checking the global stability 
check of the earthwork and sheet pile (analysed using SLOPE W) an Ru value of 0.2 for has been 
used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

1 No Atterberg Limit Test and 4 No Moisture Content Tests were undertaken within Mercia 
Mudstone in historical exploratory hole NWHM5 with the following results: 

Depth to Top of 
Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

3.70 12.0 - - - - 

4.40 10.0 - - - - 

4.60 8.8 - - - - 

6.65 9.5 28 16 12 CL 

 

34 No. undrained triaxial tests were undertaken within historical exploratory holes with the 
following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Undrained 
Shear Strength 

(kN/m
2
) 

Mercia Mudstone 
– III/IV 

0.15-13.72 26-302 
 

Lab Test Data – BRE Classification: 

The following pH testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Made Ground pH Solid 2 7.8-8.7 - 

Made Ground Cl Solid 2 0.01-0.04 % 

Made Ground Sulphate (Total) as SO4 Solid 2 0.02-0.06 % 

Mercia Mudstone – III/IV pH Solid 9 7.2 - 

Mercia Mudstone – III/IV pH Water 2 7.1-7.3 - 

Mercia Mudstone – III/IV Sulphate (Total) as SO4 Solid 9 0.01-0.16 % 

Mercia Mudstone – III/IV Sulphate (Total) as SO4 Water 2 0.16-0.22 g/l 
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Assumed Ground Model For Design: 

Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000039 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002. The below table outlines the assumed anticipated ground model from cutting crest; to be confirmed with ‘Just In Time’ Ground 
Investigation. 
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Eu E’ vu ν’ 

Mercia Mudstone 

– III/IV 
- - - 21 30 2 130 10.8 8.6 0.50 0.20 

DS-1  

AC-1 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths were derived from data recorded in historical boreholes NWHM5, HIS0030- HIS0034, NWHCCTV3, NWHD18A and NWHD18B. 

(3) Due to limited localised GI data, typical values for bulk density, friction angle, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) cu is taken as the typical value from the recorded undrained triaxial test results. 

(5) Given the excessively high extrapolated SPT ‘N’ values, Eu and E’ were taken as the typical values from the AMAR GIR rather than deriving using SPT ‘N’ values using published literature. 

Made Ground of 0.5m thickness is anticipated beneath the motorway footprint; typical parameters for Made Ground were not included in the AMAR 
GIR, so have been derived using published literature for coarse grained soils for Made Ground (coarse grained): 

Stratum Bulk Densityb (kN/m
3
) Friction Angle’ (°) 

Young’s Modulus E’ (MN/m
2
) Poisson’s Ratio ν’ BRE Classification 

Made Ground (coarse grained) 20 36 16 0.20 DS-1 AC-1 

(1) Bulk density and friction angle for Made Ground (coarse grained) was derived using guidance in BS8002:2015. E’ and v’ of Made Ground (coarse grained) was derived using guidance in CIRIA 103. 
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Imported Granular Fill (Class 6N) was used in the design of gabions; the granular material was assumed to have the following properties:  

 

 

 

 

 

 

 

 
 

Stratum Bulk Densityb (kN/m
3
) Friction Angle’ (°) 

Young’s Modulus E (MN/m
2
) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 
Proposed Earthwork Widening Solution: 

Earthwork regrade was considered at this location, however due to an adjacent slip road, 
this solution was not viable. A gabion wall is recommended as the earthwork widening 
solution: 

 

Start 
Chainage 

End 
Chainage 

Carriageway Solution Layers 

Gabion Wall Dimensions 

Width (m) 
Length 

(m) 
Height (m) 

Benching 
Detail 

193430 193480 Northbound 
Gabion 

Wall 

Lower 2.0 1.0 1.0 

45 

Upper 1.0 1.0 1.0 

 
 
Proposed Structural Solution: 

N/A. 
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FURTHER GROUND INVESTIGATION 
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

 BH-G324 at Ch193331, northbound, dynamic sample with rotary follow on to 12mbgl. 
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HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document 
Reference 

HA549342-AMAR-HGT-182100 -182230SB-GSS-000001 

Earthworks 
Widening Solution 

1:2.5 Full Height Regrade and 1:3 Full Height Regrade 

Structure Number N/A 

Structure Type N/A 

Design Chainage 182100-182230 

Carriageway Southbound 

Marker Post MP182/1B+00 – MP182/1B+30 

National Grid 
Reference 

E 446885, N 324569 – E 446902, N 324697 

Existing Ground 
Level at Location 

Carriageway 65.67mAOD 

Crest of cutting 72.54mAOD 

Earthwork Type NB: N/A SB: Cutting  HAGDMS designation  

Earthwork Number NB: N/A 
SB: 
7_M1_42196 

HAGDMS designation   

Earthwork Height NB: N/A SB: 7.30m From Lidar Survey TMM_M1_Jct_24-25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 23°  From Lidar Survey TMM_M1_Jct_24-25_Rev0_20150130 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from 
the AMAR GIR. 
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DESK STUDY 

 
 
 
 

 
 

 
 

 

Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 182100-182150 – Full Height Regrade 1:2.5 

 182150-182230 – Full Height Regrade 1:3.0 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that the structure is located on 
a cutting with heights ranging between 4.2m and 7.3m with a typical slope angle of 23 
degrees. 

The critical cross section at chainage 182220 is based on the cross section with the greatest 
earthwork height. 
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 Figure 2: Topographic Critical Cross Section Chainage 182220 

 

Utilities:  

There are no known utilities in close proximity to the widening location. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: N/A 

Solid Deposits: Diseworth Sandstone (Mercia Mudstone Group), Siltstone and Sandstone 

Ground Investigation: 

The closest historical exploratory hole is located approx. 95m from the proposed Critical 
Cross section location and presented on Drawing No. HA549342-AMAR-HCT-SWI-DR-CE-
000020.  
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Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

 

Historical boreholes: 

 

Relevant Borehole Number SK42SE95/SK42SE95R 

Borehole Chainage 182125 

Borehole Location Southbound  

National Grid Reference E 446906, N 324593 

Ground Level at Exploratory Hole 62.30mAOD 

RAG Analysis Green 

Date Drilled 29/01/1988  

Termination Depth 20.15 metres below ground level (mbgl) 

Other suitable holes  SK42SE91, SK42SE184, SK42SE181  
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Existing Ground Conditions: 

The following ground conditions are assumed based on previous GI data and driven LiDAR 
Survey. 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 

SPT ‘N’ 
Value 

Range* 

Mercia Mudstone – III/IV 20.15 45.52 
14->150 

(15) 
(1)  Ground level is assumed to be at the carriageway level 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory holes 
SK42SE181, SK142SE184, SK42SE91, SK42SE95 & SK42SE95R . 

Groundwater: 

No groundwater data is available in any of the historical boreholes. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m 
below ground level throughout cutting has been assumed. 

Lab Test Data - Geotechnical Testing: 

6 No Atterberg Limit Test 11 No. Moisture Content tests were carried out in Mercia Mudstone Layer. 
 
 

Stratum Depth (mbgl) Moisture 
Content (%) 

Liquid Limits 
(%) 

Plastic Limit 
(%) 

Plasticity 
Index 

Mercia 
Mudstone 

0.30 12 - - - 

Mercia 
Mudstone 

0.30 15 43 30 13 

Mercia 
Mudstone 

0.50 19 43 30 13 

Mercia 
Mudstone 

1.45 17 43 30 13 

Mercia 
Mudstone 

2.00 20 43 30 13 

Mercia 
Mudstone 

2.00 13 - - - 

Mercia 
Mudstone 

2.95 18 43 30 13 

Mercia 
Mudstone 

3.00 19 - - - 

Mercia 
Mudstone 

3.50 - 27 16 11 

Mercia 
Mudstone 

5.00 11 - - - 

Mercia 
Mudstone 

5.00 19 - - - 

Mercia 
Mudstone 

5.95 16 - - - 
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Lab Test Data - Chemical: 

Table below presents chemical testing completed within the historical exploratory boreholes: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Mercia Mudstone Water Soluble 
Sulphate as SO4 

Water 1 0.02 g/l SO4 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this location. The below 
table outlines the assumed anticipated ground model: 
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Eu E’ E Vu ν’ ν 

Mercia Mudstone – III/IV 0.00 – 10.00 65.67 -55.67 10.00 21 30 2 75 6.3 5.0 - 0.5 0.20 - 

DS-2 

AC-2 

Mercia Mudstone – III/IV (>10m 

bgl) 
>10.00 <55.67 >10.00 21 30 2 150 16.8 13.4 - 0.5 0.20 - 

DS-2 

AC-2 

(3) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 

(where data was available) for the proposed location only. 

(4) Stratum types and depths are derived from data recorded on historical borehole SK42SE95R. 

(5) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(6) Design SPT N value of 15 has been used for the Mercia Mudstone III/IV, combined with an f1 value of 5. 

(7) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a N value of 15 gives Eu = 6.3MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) Eu = 

5.0MN/m
2
.  

(8) Parameters for Mercia Mudstone iii/iv>10mbgl have been adopted from the AMAR GIR 

(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Mercia Mudstone, the classification used for the strata in the AMAR GIR was adopted. 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start Chainage End Chainage Widening Solution 

182100 182150 Full Height Regrade (1:2.5) 

182150 182230 Full Height Regrade (1:3.0) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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No further ground investigation has been proposed between chainage 182100 and 182230. 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-182240_182620SB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Regrade (1:3.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 182240-182620 

Carriageway Southbound 

Marker Post MP182/2B+40 – MP182/6B+20 

National Grid Reference E 446903, N 324707 – E 446990, N 325075 

Existing Ground Level at 
Location 

 Crest of cutting 78.45mAOD 

Carriageway 71.21mAOD 

Earthwork Type NB: N/A SB: Cutting  HAGDMS designation  

Earthwork Number NB: N/A 
SB: 7_M1_42196 & 
7_M1_42063 

HAGDMS designation   

Earthwork Height NB: N/A SB: 7.10m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 21° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 

 
Figure 1.1: Location Plan – 182240-182400 

 

 
 
Figure 1.2: Location Plan – 182400-182620 
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Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Regrade 1:3.0 

Proposed Major Structures:   

N/A 

 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
a cutting ranging in height between 6.2m and 7.1m with a typical slope angle of 21 degrees.  

The critical cross section at Ch182470 is based on the section with the greatest earthwork 
height. 

 
Figure 2: Topographic Critical Cross Section Chainage 182470 

Utilities:  

There are no known utilities in close proximity to the widening location. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Oadby Member (Diamicton) 

Solid Deposits: Gunthorp Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 

There are 5 No. historical exploratory holes recorded within the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000020-21, Rev 
P01. 
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Figure 3.1: Borehole Location Plan – 182240-182400 

 

Figure 3.2: Borehole Location Plan – 182400-182620 
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Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE78  

 Borehole Chainage 182580  

 Borehole Location Southbound   

 National Grid Reference E 446950, N 324990  

 Ground Level at 
Exploratory Hole 

79.73mAOD  

 RAG Analysis Green  

 Date Drilled 19/09/1984  

 Termination Depth 8.15 metres below ground level (mbgl)  

 

Other suitable holes  SK42SE23, SK42SE184, SK42SE186 & SK42NE3  
 

 

 

Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR Survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range 

Mercia Mudstone – III/IV Not proven Not proven 20-131 (20) 

(1)  Ground level is assumed to be at the carriageway level 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory holes SK42NE78, 
Sk42SE184 & SK42SE186. 

Groundwater: 

Groundwater strikes are presented in the table below: 
 

Exploratory 
Hole ID 

Stratum 
Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

SK43NE3 Mercia 
Mudstone 

4.57 75.23 - - - 

SK42SE23 Mercia 
Mudstone 

4.27 74.53 - - - 
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Groundwater Design Level: 

Limited groundwater level is available and therefore a design groundwater level of 1.0m below 
ground level throughout cutting has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

13 No Atterberg Limit Tests and 20 No Natural Moisture Content tests were undertaken within 
the Mercia Mudstone – III/IV within SK42NE3, SK42NE78, SK42SE23, SK42SE184 & 
SK42SE186 with the following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone 1.70 24.00 - - - - 

Mercia Mudstone 2.00 15.00 34 17 17 CL 

Mercia Mudstone 3.20 - 36 18 18 CI 

Mercia Mudstone 3.50 - 36 20 16 CI 

Mercia Mudstone 2.74 17.00 - - - - 

Mercia Mudstone 3.05 - 52 22 30 CH 

Mercia Mudstone 4.00 23.00 - - - - 

Mercia Mudstone 3.50 15.00 - - - - 

Mercia Mudstone 4.50 23.00 - - - - 

Mercia Mudstone 4.57 24.00 - - - - 

Mercia Mudstone 4.0 22.00 42 22 20 CI 

Mercia Mudstone 5.03 - 35 19 16 CI 

Mercia Mudstone 4.50 12.00 - - - - 

Mercia Mudstone 4.72 - 31 19 12 CL 

Mercia Mudstone 2.00 20.00 - - - - 

Mercia Mudstone 6.10 13.00 - - - - 

Mercia Mudstone 5.79 15.00 - - - - 

Mercia Mudstone 7.01 - 34 20 14 CL 

Mercia Mudstone 6.95 20.00 - - - - 

Mercia Mudstone 3.00 19.00 - - - - 

Mercia Mudstone 3.50 - 27 16 11 CL 

Mercia Mudstone 7.62 11.00 - - - - 

Mercia Mudstone 6.71 16.00 31 18 13 CL 

Mercia Mudstone 8.53 - 36 20 16 CI 

Mercia Mudstone 8.08 - 36 23 13 CI 

Mercia Mudstone 5.0 11.00-19.00 - - - - 

Mercia Mudstone 8.53 13.00 - - - - 

Mercia Mudstone 5.95 16.00 - - - - 
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Lab Test Data – BRE Classification: 

The table below presents the chemical testing undertaken within the exploratory boreholes: 

 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Mercia Mudstone Water Soluble 
Sulphate as SO4 

Water 5 0..00-0.05 g/l SO4 

Mercia Mudstone pH Solid 2 7.6 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. Due to the current elevated ground level of the road surface at this location 
compared to the ground level that was recorded during the advancement of the historic borehole it is assumed that road level on the base of the 
cutting is straight on to the Mercia Mudstone III/IV at this location. The below table outline the assumed anticipated ground model to be confirmed 
with ‘Just In Time’ Validation Ground Investigation: 
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Mercia Mudstone – III/IV 0.00 – 10.00 71.21 -61.21 10.00 21 30 2 100 7.8 6.2 - 0.5 0.20 - 
DS-2 

AC-2 

Mercia Mudstone – III/IV 

(>10m bgl) 
>10.00 <61.21 >10.00 21 30 2 150 16.8 13.4 - 0.5 0.20 - 

DS-2 

AC-2 

 
. 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 

data (where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical boreholes. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) A design SPT N value of 20 has been used for the Mercia Mudstone III/IV, combined with an f1 value of 5. 

(5) Eu for Mercia Mudstone – III/IV  <10mbgl can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 20 gives Eu = 7.8MN/m
2
. Using Wroth (1972) E’ can then be calculated 

using E’ = 2/3 (1 + v) Eu = 6.24MN/m
2
. 

(6) Geotechnical parameters for Mercia Mudstone >10mbgl is based on values derived in the AMAR GIR due to lack of local data present. 

(7) BRE Classification is determined using criteria set out in BRE Special Digest 1. Due to the lack of  BRE test data for Mercia Mudstone - III/IV, the classification used for the strata in the AMAR GIR was adopted 
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Figure 4.1: Geological Long Section – 182240 - 182400 

 

Figure 4.1: Geological Long Section – 182400 - 182620 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start Chainage End Chainage Widening Solution 

182240 182620 Full Height Regrade (1:3.0) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 

 T-CCD-5A – ch.182290 (A42 East), Northbound - CPT to a scheduled depth of 
5.0mbgl. 

 T-CCD-5B – ch.182290 (A42 West), Southbound - CPT to a scheduled depth of 
5.0mbgl. 

 TP-NW12 – ch.182290 (SB On-slip), Southbound – Trial Pit and Thermal Resistivity 
Probe – Schedule depth to be confirmed on site. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Further Ground Investigation 
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HISTORICAL EXPLORATORY HOLES 

 
 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182240_182620SB-GSS-CE-000001 Page 14 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182240_182620SB-GSS-CE-000001 Page 15 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182240_182620SB-GSS-CE-000001 Page 16 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182240_182620SB-GSS-CE-000001 Page 17 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 
 
 
 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182240_182620SB-GSS-CE-000001 Page 18 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

PLOTS 
  

 
 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182240_182620SB-GSS-CE-000001 Page 19 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182240_182620SB-GSS-CE-000001 Page 20 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182240_182620SB-GSS-CE-000001 Page 21 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 
 
 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-182940-183310SB-GSS-CE-000001 Page 1 of 34 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-182940_183310SB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest 

Structure Number N/A 

Structure Type N/A 

Design Chainage 182940-183310 

Carriageway Southbound 

Marker Post MP182/9B+40 – MP183/3B+10 

National Grid Reference E 447089, N 325378 – E 447196, N 325730 

Existing Ground Level at 
Location 

Carriageway 76.87mAOD 

Toe of embankment 69.87mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_42062 HAGDMS designation   

Earthwork Height NB: N/A SB: 7.00 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 25° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 
 

Figure 1.1: Location Plan – 182940-183000 
 
 

 

 
 
 
Figure 1.2: Location Plan – 183000-183310 
 
 
 
 
 
 
 
 
 

Proposed Earthworks Widening: 
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To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Granular Wedge at Embankment Crest (1:2.0) 

 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment with heights ranging between 1.0m and 7.0m with a typical slope angle of 25 
degrees. 

The critical cross section at chainage 183240 is based on the section with the greatest 
earthwork height. 

 
Figure 2: Topographic Critical Cross Section Chainage 183240 

 

Utilities:  

There are no known utilities in close proximity to the widening location. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: None recorded 

Solid Deposits: Gunthorp Member (Mercia Mudstone Group), Mudstone 

 

 

Ground Investigation: 
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There are 6 No. historical exploratory holes recorded within the design chainage, with additional 
4 no. relevant exploratory holes considered as shown on Geological Long Section, Drawing No. 
HA549342-AMAR-HGT-SWI-DR-CE-000021-22, Rev P01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relavent Borehole 
Number 

SK42NE69  

 Borehole Chainage 183146  

 Borehole Location Southbound   

 National Grid 
Reference 

E 447155, N 325573  

 Ground Level at 
Exploratory Hole 

79.21mAOD  

 RAG Analysis Green  

 Date Drilled 25/01/1988  

 Termination Depth 7.45 metres below ground level (mbgl)  

 

Other suitable holes  SK42NE101, SK42NE101R, SK42NE102, SK42NE102R, 
SK42NE4, SK42NE94, SK42NE95, SK42NE97 & 
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SK42NE99  

 

 

 

 

 

 

 

Existing Ground Conditions: 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR Survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Made Ground – Embankment Fill 4.76 72.11 17-29 (17) 

Mercia Mudstone – III/IV >4.76 <72.11 20-150 (20) 

  
(1) Ground level is assumed to be at the carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Mercia Mudstone-I/II was encountered in the borehole logs, however given the uncertainties on ground conditions, only Mercia 

Mudstone –III/IV has been used in the ground model. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory holes SK42NE101, 
SK42NE102, SK42NE69, SK42NE94, SK42NE95, SK42NE97 & SK42NE99. 

Groundwater: 

No groundwater data is available for any of the boreholes mentioned above. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

14 No Atterberg Limit Tests and 30 No Natural Moisture Content tests were undertaken within 
the Mercia Mudstone – III/IV within SK42NE3, SK42NE78, SK42SE23, SK42SE184 & 
SK42SE186 with the following results: 

Stratum Depth (mbgl) 
Natural 
Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone 
- Siltstone 

6.10 - 30.00 16.00 14.00 CL 

Mercia Mudstone 
- Siltstone 

4.57 13.00 33.00 18.00 15.00 CL 

Mercia Mudstone 
– I/II 

1.52 - 37.00 18.00 19.00 CI 

Mercia Mudstone 
– I/II 

4.00 23.00 39.00 20.00 19.00 CI 

Mercia Mudstone 
– III/IV 

4.00 13.00 30.00 17.00 13.00 CL 

Mercia Mudstone 
– III/IV 

2.00 14.00 31.00 19.00 12.00 CL 

Mercia Mudstone 
– III/IV 

2.70 19.00 32.00 17.00 15.00 CL 

Mercia Mudstone 
– III/IV 

3.00 15.00 31.00 18.00 13.00 CL 

Mercia Mudstone 
– III/IV 

0.50 13.00 40.00 20.00 20.00 CI 

Mercia Mudstone 
– III/IV 

1.50 16.00 39.00 22.00 17.00 CI 

Mercia Mudstone 
– III/IV 

0.50 19.00 49.00 23.00 26.00 CI 

Mercia Mudstone 
– III/IV 

2.95 13.00 33.00 19.00 14.00 CL 

Mercia Mudstone 
– III/IV 

2.00 14.00 30.00 17.00 13.00 CL 

 

 

 

 

 

 

Lab Test Data - Chemical: 
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The table below presents chemical testing undertaken within the exploratory boreholes: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Mercia Mudstone 
- III/IV 

Water Soluble 
Sulphate as SO4 

Water 4 0.05-0.08 g/l SO4 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that the Embankment, at this location, comprises cohesive fill. The below table outlines the assumed anticipated 
ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Ground Investigation. 
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Eu E’ E Vu ν’ ν 

Made Ground – Embankment Fill 0.00 – 8.87 76.87 - 68.00 8.87 21 27 0 102 7.8 6.20 - 0.5 0.20 - 

DS-2 

AC-2 

Mercia Mudstone – III/IV >8.87 <68.00 5.89 21 30 2 100 7.80 6.24 - 0.5 0.20 - 

DS-2 

AC-2 

 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2017) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 

data (where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole SK42NE69. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) A SPT N value of 17 has been used for the Made Ground Embankment Fill, combined with an f1 value of 6.Due to no local GI data present for the Embankment Fill, geotechnical parameters have been based on 

the values derived in the AMAR GIR. 

(5) A  SPT N value of 20 has been used for the Mercia Mudstone III/IV, combined with an f1 value of 5. 

(6) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 20 gives Eu = 7.8MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 

2/3 (1 + v) Eu = 6.24MN/m
2
. 

(7) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill and Mercia Mudstone-III/IV, the classification used for the strata in the AMAR 

GIR was adopted. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 
 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4.1: Geological Long Section -182940-183000 

 

Figure 4.1: Geological Long Section -183000-183310 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

182940 183310 
Granular Wedge at 

Embankment Crest (1:2.0) 
7.3 26.6 (1V:2H) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 

 T-CCD-8A & 8B , Ch183296, Northbound & Southbound - CPT at a scheduled depth 
of 5.0bmgl; 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 
Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Embankment Widening 1:2.0 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment with heights ranging between 1.6m and 5.2m with a typical slope angle of 22 
degrees.  

The critical cross section at Ch.183350 is based on the cross section with the greatest 
earthwork height 

 
Figure 2: Topographic Critical Cross Section Chainage 183350 
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Utilities:  

There are no known existing utilities within the vicinity of the chainage extents 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: N/A 

Solid Deposits: Gunthorpe Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 2 No. 
exploratory holes outside the design chainage have been considered as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000022, Rev P01. 

 

 

Figure 3: Borehole Location Plan 

Flood Risk: 

This location is not in an area at risk from flooding.  
 

Historical Boreholes: 

 Relevant  Borehole 
Number 

SK42NE4  

 Borehole Chainage 183206  

 Borehole Location Southbound   

 National Grid Reference E 447140, N 325640  

 Ground Level at 
Exploratory Hole 

69.30mAOD  
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 RAG Analysis Amber  

 Date Drilled 24/08/1961   

 Termination Depth 9.14 metres below ground level (mbgl)  

 

Other suitable holes  CP1078  
 

 

 

Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Embankment Fill / Made Ground 5.55 71.50 - 

Mercia Mudstone – III/IV 10.89 >60.16 >150 

(1)  Ground level is assumed to be at the carriageway level. 

(2) Embankment Fill was not encountered from the historical exploratory logs, however, the Lidar survey data shows an 

embankment present. 

(3) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(4) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory hole CP1078. 

Groundwater: 

Groundwater was encountered in exploratory hole SK42NE4 at 4.42mbgl (64.88mAOD) and 
rose to 2.29mbgl (67.01mAOD). 

Groundwater Design Level: 

Due to limited groundwater level available, a design groundwater level of 70.50mAOD (1.00m 
below the toe of the embankment) has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

5 No Atterberg Limit Tests and 30 No Natural Moisture Content tests were undertaken within the 
Mercia Mudstone – III/IV within CP1078 & SK42NE4 with the following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone 
– III/IV  

2.00 9.00 29.00 13.00 16.00 CL 

Mercia Mudstone 
– III/IV  

0.76 12.00 - - - - 

Mercia Mudstone 
– III/IV  

1.52 - 37.00 18.00 19.00 CI 

Mercia Mudstone 
– III/IV  

2.29 19.00 - - - - 

Mercia Mudstone 
– III/IV  

3.05 - 34.00 23.00 11.00 CL 

Mercia Mudstone 
– III/IV  

4.57 13.00 33.00 18.00 15.00 CL 

Mercia Mudstone 
– III/IV  

5.33 21.00 - - - - 

Mercia Mudstone 
– III/IV  

6.10 - 30.00 16.00 14.00 CL 

Mercia Mudstone 
– III/IV  

7.62 12.00 - - - - 
 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this structure location. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole that the embankment comprises cohesive fill. The below table outlines the assumed anticipated ground model; strata type 
and depth will need to be confirmed with ‘Just In Time’ Ground Investigation. 
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Made Ground – Embankment Fill 0.00 – 5.55 
77.05 – 

71.50 5.55 21 27 0 100 7.8 6.2 - 0.50 0.20 - 

DS-2  

AC-2 

Mercia Mudstone – III/IV 5.55 – 15.55 
71.50 – 

61.50 10.00 21 30 2 50 10.8 8.6 - 0.50 0.20 - 

DS-2  

AC-2 

Mercia Mudstone – III/IV (>10m bgl) >15.55 <61.50 >10.00 21 30 2 50 16.8 13.4 - 0.50 0.20 - 

DS-2  

AC-2 

(5) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2017) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 

data (where data was available) for the proposed location only. 

(6) Stratum types and depths are derived from the interpreted geological long section. 

(7) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion Young’s modulus and Poisson’s ratio derived in the AMAR GIR are used. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 
 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

183320 183430 
Full Height Embankment 

Widening (1:2.0) 
4.5 26.6 (1V:2H) 
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Further Ground Investigation 
 
No further ground investigation has been proposed between chainage 183320-183430. 
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LOGS 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-183480_183510SB-GSS- CE-000001 

Structure Number N/A 

Structure Type N/A 

Design Chainage 183480-183510 

Carriageway Southbound 

Marker Post MP183/4B+80 – MP183/5B+10 

National Grid Reference E 447247, N 325895 – E 447254, N 325921 

Existing Ground Level 
at Location 

Crest of cutting 76.69 mAOD 

Carriageway 75.64 mAOD  

Earthwork Type NB: N/A SB: Cutting HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_42061 HAGDMS designation   

Earthwork Height NB: N/A SB: 1.05m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 23° 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 

 
 
 
 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Regrade at 1 in 3 gradient. 

 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the existing earthwork is classified as a cutting with 
height ranging between 1.0m and 1.46m with a typical slope angle of 23 degrees.  

The critical cross section at chainage 183500 is based on the section with the greatest 
earthwork height. 
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Figure 2: Topographic Critical Cross Section Chainage 183500 

 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: None recorded 

Solid Deposits: Gunthorp Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage. However 1 
relevant exploratory hole outside the design chainage is considered; as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000022, Rev P01 
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Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk.  

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1078  

 Borehole Chainage 183463  

 Borehole Location Southbound  

 National Grid 
Reference 

E 447243, N 325878  

 Ground Level at 
Exploratory Hole 

76.00mAOD  

 RAG Analysis Amber  

 Date Drilled 25/10/2006  

 Termination Depth 3.0 metres below ground level (mbgl)  

 

Other suitable 
holes  

None 
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Existing Ground 
Conditions: 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Mercia Mudstone – III/IV (0-10mbgl) 10.00 66.69 - 

Mercia Mudstone - III/IV (>10mbgl) >10.00 <66.59 - 

 

(1) Ground level is assumed to be at the crest of the cutting;  

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets.  
(3) Note: the historical exploratory hole CP1078 was not advanced in the cutting slope, and therefore it has been assumed that the cutting is of 

Mercia Mudstone based on the geological section (HA549342-AMAR-HGT-SWI-DR-CE-000022). 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been not been undertaken within the exploratory hole. 

Groundwater: 

No groundwater data is available for any of the boreholes mentioned above. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

1 No. Atterberg Limit Test and 1 No. Moisture content test was undertaken within the Mercia 
Mudstone. The results are presented in the table below: 

 

 

 

Stratum 
Depth 
(mbgl) 

Moisture 
Content (%) 

Plastic Limit 
(%) 

Liquid Limit 
(%) 

Plasticity 
Index 

Classification 

Mercia 
Mudstone 

2.00 9.00 13 29 16 CL 

Lab Test Data – BRE Classification : 

No chemical test data is available at this location. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this location.  
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Mercia Mudstone – III/IV (0-10mbgl) 
0.00 – 

10.00 

76.69 – 

66.69 10.00 21  30 2 100 10.8 8.6 - 0.50 0.20 - 
DS-2 

AC-2 

Mercia Mudstone – III/IV (>10mbgl) >10.00 <66.69 - 21 30 2 150 16.8 13.4 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2017) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical 

GI data (where data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to the lack of localised GI data present, average Cu, Eu and E’ values for the Mercia Mudstone layer have been adopted from the AMAR GIR. 

(4) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Mercia Mudstone, the classification used for the strata in the AMAR GIR was adopted. 
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Figure 4: Geological Long Section 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-183480-183510SB-GSS-CE-000001 Page 9 of 13 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start Chainage End Chainage Widening Solution 

183480 183510 Full Height Regrade 1:3.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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No further ground investigation has been proposed between Ch.183480-183510. 

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-183780-183950SB-GSS-CE-000001 
Earthworks Widening 
Solution Partial Height Regrade (1:2.5), King Sheet Pile Retaining Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 183780-183950 

Carriageway Southbound 

Marker Post MP183/7B+80 – MP183/9B+50 

National Grid Reference E 447327, N 326183 – E 4473781, N 326344 
Existing Ground Level at 
Location 

Crest of cutting  81.29mAOD 
Carriageway 70.97mAOD 

Earthwork Type NB: N/A SB: Cutting HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_42061 HAGDMS designation   

Earthwork Height NB: N/A SB: 10.00 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 20° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate verge widening for this location, the following earthworks widening solutions 
have been proposed: 

• 183780-183790 – Partial Height Regrade 1:2.5 
• 183800-183950 – King Sheet Pile Retaining wall. 

Proposed Major Structures:   
N/A 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
a cutting ranging in height between 9.6m and 10.3m with a typical slope angle of 20 degrees. 

Between chainage 183780 to 183790, the critical cross section at Ch183790 was based on the 
earthwork with the greatest height.  

Between chainage 183780 to 183790, the critical cross section at Ch183875 was based on the 
earthwork with the greatest retained height. 
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Figure 2.1: Topographic Critical Cross Section Chainage 183790 

 

 
Figure 2.2: Topographic Critical Cross Section Chainage 183875 

Utilities:  
Electric cables are likely to be present in the vicinity of this earthwork due to presence of airport 
lighting. 
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Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: None recorded 

Solid Deposits: Gunthorpe Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 
There are 2 No. historical exploratory holes recorded within the design chainage, with an 
additional 2 no. relevant exploratory holes considered outside the design chainage; as shown 
on Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000023, Rev 
P01.  

 
Figure 3: Borehole Location Plan  

Flood Risk: 
The earthwork is not located in an area where flooding is a risk.  

Historical Boreholes: 

 Closest Borehole 
Number 

SK42NE6 SK42NE65  

 Borehole Chainage 183854 183788  

 Borehole Location Southbound  Southbound  

 National Grid Reference E 447330, N 326260 E 447362, N 326181  

 Ground Level at 
Exploratory Hole 

82.30mAOD 79.88mAOD  

 RAG Analysis Amber Green  
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 Date Drilled 18/08/1961 22/01/1988-23/01/1988  

 Termination Depth 15.24 metres below 
ground level (mbgl) 

7.50 metres below ground 
level (mbgl) 

 

 

Other suitable holes  SK42NE64, SK42NE65R & SK42NE66  
 

 

 

Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR Survey. 

 
 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Mercia Mudstone – III/IV Not Proven Not Proven 12->150 (12) 
  

(1) Ground level is assumed to be at carriageway level.  
(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 
(3) Mercia Mudstone-I/II and Mercia Mudstone- Sandstone and Siltstote were encountered within the boreholes. Given the 

uncertainties on ground conditions, Mercia Mudstone –III/IV has been used in the ground model   

In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory holes SK42NE64, 
SK42NE65, SK42NE65R & SK42NE66.  

Groundwater: 
No groundwater data is available for any of the boreholes mentioned above. 

Groundwater Design Level: 
King Sheet Pile Wall: 

No local groundwater data is available and therefore a groundwater level of 1.0m below 
carriageway level has been assumed for WALLAP analysis for king and intermediate sheet 
piles. When checking the global stability check of the earthwork and king and intermediate sheet 
piles (analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata. 
Regrade Partial Height 1 :2.5: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
ground level throughout cutting has been assumed. 

 

 
 
 
 
 
 

GEOTECHNICAL PARAMETERS 
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Lab Test Data - Geotechnical Testing: 
8 No Atterberg Limit Tests and 13 No Natural Moisture Content tests were undertaken within the 
Mercia Mudstone – III/IV within SK42NE6 with the following results: 

Stratum Depth to Top of 
Test (mAOD) 

Natural 
Moisture 

Content (%) 
Liquid 

Limit (%) 
Plastic 

Limit (%) 
Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone 
– III/IV  0.76 14.00 - - - - 

Mercia Mudstone 
– III/IV  1.52 24.00 33 19 14 CL 

Mercia Mudstone 
– III/IV  2.29 21.00 - - - - 

Mercia Mudstone 
– III/IV  3.05 - 34 19 15 CL 

Mercia Mudstone 
– III/IV  3.81 14.00 - - - - 

Mercia Mudstone 
– III/IV  4.57 15.00 33 19 14 CL 

Mercia Mudstone 
– III/IV  5.33 15.00 - - - - 

Mercia Mudstone 
– III/IV  6.10 15.00 32 18 14 CL 

Mercia Mudstone 
– III/IV  6.86 20.00 - - - - 

Mercia Mudstone 
– III/IV  7.62 - 33 16 17 CL 

Mercia Mudstone 
– III/IV  7.92 19.00 - - - - 

Mercia Mudstone 
– III/IV  9.41 - 33 19 14 CL 

Mercia Mudstone 
– III/IV  9.91 19.00 - - - - 

Mercia Mudstone 
– III/IV  10.67 - 28 19 9 CL 

Mercia Mudstone 
– III/IV  12.19 22.00 - - - - 

Mercia Mudstone 
– III/IV  12.80 - 30 20 10 CL 

Mercia Mudstone 
– III/IV  13.72 21.00 - - - - 

Mercia Mudstone 
– III/IV  14.48 20.00 - - - - 

  
 
 
 
 
 
 
 
 

 

     

 

Lab Test Data – BRE Classification: 
1 No sulphate tests and 1 No pH testes were undertaken within the Mercia Mudstone III-IV in 
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borehole SK42NE6 with the following results. 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Mercia Mudstone 
– III/IV 

Sulphate (Total) 
as SO4 

Solid - - %SO4 

Mercia Mudstone 
– III/IV 

Water Soluble 
Sulphate as SO4 

Water 1 0 g/l SO4 

Mercia Mudstone 
– III/IV 

pH Solid 1 7.2 - 
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Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this location. The below 
table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Young’s Modulus 
(MN/m2) Poisson’s Ratio 
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Eu E’ E Vu ν’ ν 

Mercia Mudstone – III/IV  0.00-20.32 
81.29 – 
60.97 20.32 21 30 2 60 5.40 4.32 - 0.50 0.20 - 

DS-2 
AC-2 

Mercia Mudstone – III/IV  >20.32 <60.97 - 21 30 2 250 16.50 13.20 - 0.50 0.20 - 
DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 
data (where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole SK42NE6, SK42NE64, SK42NE65, SK42NE65R & SK42NE66. 
(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) A conservative SPT N value of 12 has been used for the Mercia Mudstone III/IV, combined with an f1 value of 5. 
(5) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 12 gives Eu = 5.4MN/m2. Using Wroth (1972) E’ can then be calculated using E’ = 

2/3 (1 + v) Eu = 4.32MN/m2. 
(6) BRE Classification is determined using criteria set out in BRE Special Digest 1. Due to limited BRE test data for Mercia Mudstone, the classification used for the strata in the AMAR GIR was adopted. 

 
 
 
 
 
 

 

 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-183800_183950SB-GSS-CE-000001 Page 9 of 22 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 

Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
Proposed Earthwork Widening Solution: 
Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage Widening Solution 

183780 186790 Partial Height Regrade 1:2.5 

183800 183950 King Sheet Pile retaining wall 

 

Earthwork regrade was considered at this location, however due to the presence of East 
Midlands Airport lighting on the cutting slope, there is insufficient space to allow for a 
regrade solution or a gravity retaining wall: 

The table below present the king sheet pile wall details. 
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183800 183950 
AZ-12 

S 390 GP 
1.4 4.1 5.5 90 64 31 35.1 

 
Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
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FURTHER GROUND INVESTIGATION 
The following ground investigation has been proposed in the ‘Just In Time’ ground 
investigation: 

 

• CPT-01, Ch183875, Southbound – CPT proposed to a scheduled depth of 6.0mbgl. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-183960-184020SB-GSS-000001 

Earthwork Widening 
Solution 

1:3.0 Full Height Regrade 

Structure Number N/A 

Structure Type N/A 

Design Chainage 183960-184020 

Carriageway Southbound 

Marker Post MP183/9B+60 – MP184+20 

National Grid 
Reference 

E 447331, N 326344 – E 447406, N 326410 

Existing Ground Level 
at Location 

Carriageway  68.94mAOD 

Crest of cutting 77.46mAOD 

Earthwork Type NB: N/A SB: Cutting HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_42061 HAGDMS designation   

Earthwork Height NB: N/A SB: 8.5m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 22°  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 
 

Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Regrade at 1 in 3 gradient. 
 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
a cutting ranging in height from 6.7m to 8.5m with a typical slope angle of 22 degrees. 

The critical cross section is based on the cross section with the greatest earthwork height, which 
is at Ch183960. 
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Figure 2: Topographic Critical Cross Section Chainage 183960  

 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: N/A 

Solid Deposits: Gunthorpe Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage. Additional 2 no. 
relevant exploratory holes were considered outside the design chainage,  as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000023, Rev P01. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Borehole Location Plan 
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Flood Risk: 

This location is not in an area at risk from flooding. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE6 SK42NE7  

 Borehole Chainage 183854 184035  

 Borehole Location Northbound Carriageway Northbound Carriageway  

 National Grid 
Reference 

E 447330, N 326260 E 447380, N 326430  

 Ground Level at 
Exploratory Hole 

82.30mAOD 75.00mAOD  

 RAG Analysis Amber Amber  

 Date Drilled 18/08/1961-22/08/1961  15/08/1961-17/08/1961  

 Termination Depth 15.24 metres below ground level 
(mbgl) 

12.19 metres below ground level 
(mbgl) 

 

 

Other suitable holes  None  
 

 

  

 

Existing Ground Conditions: 

The following ground conditions are assumed based on previous GI data. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Mercia Mudstone – III/IV Not Proven Not Proven - 

(1) Ground level is assumed to be at the crest of the cutting; 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have not been undertaken in any of the historical boreholes. 

Groundwater: 

Groundwater was encountered at 4.57mbgl (77.73mAOD) and 4.57mbgl (70.43mAOD) in 
boreholes SK42NE6 and SJ42NE7 respectively. 

Groundwater Design Level: 

Due to lack of local groundwater level available, a design groundwater level of 1.0m below 
ground level throughout cutting has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

12 No Atterberg Limit Tests and 4 No. Natural Moisture Content tests were undertaken within 
the Mercia Mudstone – III/IV within SK42NE6 and SK42NE7 with the following relevant results: 

 
Stratum Depth (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia 
Mudstone-III/IV 

1.98 19 37 20 17 CI 

Mercia 
Mudstone-III/IV 

1.98 24 33 19 14 CL 

Mercia 
Mudstone-III/IV 

3.35 - 31 16 15 CL 

Mercia 
Mudstone-III/IV 

3.51 - 34 19 15 CL 

Mercia 
Mudstone-III/IV 

4.88 15 33 19 14 CL 

Mercia 
Mudstone-III/IV 

4.88 - 39 17 22 CL 

Mercia 
Mudstone-III/IV 

6.48 15 32 18 14 CL 

Mercia 
Mudstone-III/IV 

6.40 - 30 19 11 CL 

Mercia 
Mudstone-III/IV 

7.92 - 33 16 17 CL 

Mercia 

Mudstone-III/IV 
9.32 - 33 19 14 CL 

Mercia 

Mudstone-III/IV 
11.13 - 28          19 9 CL 

Mercia 

Mudstone-III/IV 
13.26  30 20 10 CL 

 
7 No. quick undrained triaxial tests were undertaken in the Mercia Mudstone III/IV. 
 
 
 
 
 
 
 
 
 
 

Stratum Depth (mbgl) Undrained Shear 
Strength (kN/m

2
) 

Mercia 
Mudstone-III/IV 

10.67 376 

Mercia 
Mudstone-III/IV 

12.80 400 

Mercia 
Mudstone-III/IV 

1.52 45 

Mercia 
Mudstone-III/IV 

3.05 155 

Mercia 
Mudstone-III/IV 

6.10 317 

Mercia 
Mudstone-III/IV 

4.57 141 

Mercia 
Mudstone-III/IV 

1.52 141 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this location. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this location. 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Mercia Mudstone – III/IV 0.00-10.00 77.46-67.46 10.00 21 30 2 100 10.8 8.6 - 0.5 0.20 - 

DS-2 

AC-2 

Mercia Mudstone – III/IV 

(>10m bgl) 
>10.00 <67.46 >10.00 21 30 2 100 16.8 13.4 - 0.5 0.20 - 

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion, cu Young’s modulus and Poisson’s ratio derived in the AMAR GIR are used. 

(4) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Mercia Mudstone, the classification used for the strata in the AMAR GIR was adopted. 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start Chainage End Chainage Widening Solution 

183960 184020 Full Height Regrade (1:3.0) 

 

 

Proposed Structural Solution: 

N/A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

 L-CCD -6A, Ch184012, Northbound - CPT to a scheduled depth of 5.0mbgl. 

 L-CCD -6B, Ch184012, Southbound - CPT to a scheduled depth of 5.0mbgl. 
  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-184110-184770SB-GSS-CE-000001 

Earthwork Widening 
Solution 

1:2.5 Full Height Regrade, 1:2.5 Partial Height Regrade 

Structure Number N/A 

Structure Type N/A 

Design Chainage 184110-184470 

Carriageway Southbound 

Marker Post MP184/1B+10 – MP184/4B+70 

National Grid 
Reference 

E 447429, N 326494 – E 447515, N 326851 

Existing Ground 
Level at Location 

Crest of Cutting 72.91mAOD 

Carriageway 66.19mAOD 

Earthwork Type NB: N/A SB: Cutting HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_42060 HAGDMS designation   

Earthwork Height NB: N/A SB: 6.5m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 21°  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1.1: Location Plan – 184110-184200 

 

 
 
Figure 1.2: Location Plan – 184200-184470 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 184110-184130: 1:2.5 Full Height Regrade 

 184130-184180: 1:2.5 Partial Height Regrade 

 184210-184220: 1.2.5 Partial Height Regrade 

 184280-184330: 1:2.5 Partial Height Regrade 

 184390-184470: 1.2.5 Full Height Regrade 
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Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
a cutting ranging in height from 2.5m to 6.5m with a typical slope angle of 21 degrees. Design is 
to be completed for 1:2.5 Full Height and 1:2.5 Partial Height Regrade for the worst case critical 
sections as presented in Figure 2 and Figure 3. 

The critical cross sections at chainage 184110 and 184170 was based on sections with the 
greatest earthwork height. 

 

 

 Critical Section – 184110-184130 & 184390-184470 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: Topographic Critical Cross Section Chainage 184110  

Critical Section – 184130-184180, 184210-184220 and 184280-184330 

 

Figure 2.2: Topographic Critical Cross Section Chainage 184170  
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Utilities:  

Severn Trent Water pipe – Foul present at approximate chainage 184466-184465 running from 
south to north. Western Power HV cable present at approximately ch. 18470 along the north 
bound VRS/Earthwork. May be possible this crosses the south bound. Extra care/caution when 
excavating at or in vicinity of this location. 

 

 

Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: None recorded 

Solid Deposits: Tarporley Siltstone Formation - Siltstone, Mudstone And Sandstone 

Ground Investigation: 

There is 1 No. historical exploratory holes recorded within the design chainage, with additional 2 
no. relevant exploratory holes considered outside the design chainage; as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000024, Rev P01. 
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Figure 4: Borehole Location Plan 

Flood Risk: 

This location is not in an area at risk from flooding.  

Historical Boreholes: 

 Relevant 
Borehole Number 

SK42NE8 

 Borehole 
Chainage 

184250 

 Borehole 
Location 

Northbound 

 National Grid 
Reference 

E 447440, N 326640 

 

 Ground Level at 
Exploratory Hole 

66.10mAOD 

 

 RAG Analysis Amber 

 Date Drilled 17/08/1961-18/08/1961  

 Termination 
Depth 

7.62 metres below ground level 
(mbgl) 

 

Other suitable 
holes  

SK42NE71 and SK42NE72 
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 Existing Ground Conditions 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Mercia Mudstone – III/IV >16.26 <56.65 53-150 (53) 

(1)  Ground level is assumed to be at the crest of the cutting ; 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in SK42NE71 and SK42NE72. 

Groundwater: 

Groundwater was not encountered in any of the historical boreholes. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
ground level throughout cutting has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

5 No Atterberg Limit Tests and 6 No Natural Moisture Content tests were undertaken within the 
Mercia Mudstone – III/IV within SK42NE8 with the following relevant results: 

 

Stratum 
Depth to Top of 

Test (mAOD) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone 
– III/IV 0.61 8 36 17 19 

CI 

Mercia Mudstone 
– III/IV 1.52 15 31 19 12 

CL 

Mercia Mudstone 
– III/IV 3.05 14 -  - 

- 

Mercia Mudstone 
– III/IV 3.35 - 28 20 8 

CL 

Mercia Mudstone 
– III/IV 4.57 7 - - - 

- 

Mercia Mudstone 
– III/IV 5.18 - 34 19 15 

CL 

Mercia Mudstone 
– III/IV 6.10 21 - - - 

- 

Mercia Mudstone 
– III/IV 6.71 - 26 17 9 

CL  

Mercia Mudstone 
– III/IV 7.62 15 

- 
- - 

- 

 
 
3 No. quick undrained triaxial tests were undertaken in the Mercia Mudstone III/IV. 
 

Stratum Depth (mbgl) 
Undrained 

Shear Strength 
(kN/m

2
) 

Mercia Mudstone 
– III/IV 

1.52 97.0 

Mercia Mudstone 
– III/IV 

5.18 210.0 

Mercia Mudstone 
– III/IV 

6.71 90 

 
 
 
 
 
 
 
 

Lab Test Data - Chemical: 

No chemical laboratory testing data is available for this location. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this location. The below 
table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Ground Investigation. 
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Eu E’ E Vu ν’ ν 

Mercia Mudstone – III/IV 0.00-10.00 72.91-62.91 10.00 21 30 2 100 10.8 8.6 - 0.50 0.20 - 
DS-2 

AC-2 

Mercia Mudstone – III/IV (>10-16.26m 

bgl) 
10.00-16.26 62.91-56.65 6.26 21 30 2 150 16.8 13.4 - 0.50 0.20 - 

DS-2 

AC-2 

Mercia Mudstone >16.26mbgl >16.26 <56.65 - 21 30 2 355 17.7 14.16 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 

data (where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 

(4) Due to limited GI data available for the Mercia Mudstone III/IV, the geotechnical parameters are based on values derived from the AMAR GIR. 

(5) Due to limited SPT data available for the Mercia Mudstone between 10mbgl and 16.26mbgl, the geotechnical parameters are based on values derived in the AMAR GIR. 

(6) A design SPT N value of 53 has been used for the Mercia Mudstone III/IV >16.26mbgl, with a PI of 12 combined with an f1 value of 6.7, which gives a Cu of355 kN/m
2
. 

(7) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a N value of 53 gives Eu = 17.7MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + 

v) Eu. 

(8) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Mercia Mudstone -  III/IV, the classification used for the strata in the AMAR GIR was 

adopted. 
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Figure 4.1: Geological Long Section – 184110-184200 

 

Figure 4.2: Geological Long Section – 184200-184510 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start Chainage End Chainage Widening Solution 

184110 184130 Full Height Regrade (1:2.5) 

184130 184180 Partial Height Regrade (1:2.5) 

184210 184220 Partial Height Regrade (1:2.5) 

184280 184330 Partial Height Regrade (1:2.5) 

184390 184470 Full Height Regrade (1:2.5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 T – CCD-10B – Ch.184372, Southbound – CPT  to a scheduled depth of 5.0mbgl. 

  

FURTHER GROUND INVESTIGATION 
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LOGS 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-184630-184740SB-GSS-CE-000001 

Earthwork Widening 
Solution 

Full Height Embankment Widening 1:2.0 

Structure Number N/A 

Structure Type N/A 

Design Chainage 184630-184740 

Carriageway Southbound 

Marker Post MP184/6B+30 – MP184/7B+40 

National Grid Reference E 447537, N 327005 – E 447550, N 327124 

Existing Ground Level at 
Location 

Carriageway 49.18mAOD 

Toe embankment 46.53mAOD 

Earthwork Type NB: N/A SB: At Grade HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_62641 HAGDMS designation   

Earthwork Height NB: N/A SB: 2.65m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 26°  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 

 

 
 
 
Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full height embankment widening (1:2.0) 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
at grade. The earthwork is a shallow embankment ranging in height from 1.6m  to 2.65m with a 
typical slope angle of 26 degrees 

The critical cross section at Ch.184710 was based on the section with the greatest earthwork 
height.  
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 Figure 2: Topographic Critical Cross Section Chainage 184710 

 

Utilities:  

Western Power HV cable present at approximately Ch. 184740 running east to west. National 
Grid Medium Pressure Pipe running west to east. 

 

Figure 3: Utilities location plan 
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Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Egginton Common Sand And Gravel Member - Sand And Gravel 

Solid Deposits: Bromsgrove Sandstone Formation – Sandstone & Edwalton Member- 
Mudstone 

 

Ground Investigation: 

There is 1 No.historical exploratory hole recorded within the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000024, Rev P01. 

 

Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk.  

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE151  

 Borehole Chainage 184755  

 Borehole Location Northbound  

 National Grid 
Reference 

E 447446, N 327144  

 Ground Level at 
Exploratory Hole 

44.60mAOD  
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 RAG Analysis Amber  

 Date Drilled 10/05/1988   

 Termination Depth 3.0 metres below ground level (mbgl)  

 

Other suitable holes  None 
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Existing Ground Conditions: 

 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range 

Embankment Fill* 2.65 46.53 - 

Mercia Mudstone III-IV  <10.00 >39.18 - 

  
(1) Ground level is assumed to be at the carriageway level; 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) Due to lack of GI data at this location, it has been assumed based on the Geological Long sections and the topographic survey that 

embankment fill sits on top of Mercia Mudstone. 

(4) Sandstone was encountered in the exploratory boreholes however given the uncertainties on ground conditions , only Mercia Mudstone –

III/IV has been used in the ground model. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have not been undertaken between 184630 and 184740. 

Groundwater: 

Groundwater was not encountered in any of the historical boreholes. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

No geotechnical lab tests have been undertaken between 184630 and 184740 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available between 184630 and 184740. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that the embankment comprises cohesive embankment fill constructed straight on to the Mercia Mudstone III/IV 
at this location. The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ 
Ground Investigation. 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0.00-2.65 
49.18 – 

46.53 10.00 21 27 0 100 7.80 6.20 - 0.50 0.20 - 
DS-2 

AC-2 

Mercia Mudstone – III-IV <10.0mbgl 2.65 – 10.00 
46.53 – 

39.18 7.35 21 30 2 100 10.80 8.60  - 0.50 0.20 - 
DS-2 

AC-2 

Mercia Mudstone >10.0mbgl >10.00 <56.65 - 21 30 2 200 16.80 13.40 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 

(4) Due to limited GI data available for the Mercia Mudstone III/IV<10mbgl, the geotechnical parameters are based on values derived from the AMAR GIR. 

(5) Due to limited GI data available for the Mercia Mudstone III/IV>10mbgl, the geotechnical parameters are based on values derived from the AMAR GIR 

(6) Due to limited GI data available for the Embankment Fill, the geotechnical parameters are based on values derived from the AMAR GIR. 

(7) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

 

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

184630 184740 
Full Height Embankment 

Widening (1:2.0) 
1.94 26.6 (1V:2H) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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 ‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH-CCD10B at chainage 184372, southbound – CPT test to a  depth of 5.0mbgl. 

 

  

FURTHER GROUND INVESTIGATION 
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PLOTS 
  
No Plots Available. 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-185170-185210-GSS-CE-000001 

Earthworks Widening 
Solution 

Full Height Regrade 1:3.0 

Structure Number GANTRY_112 1 

Structure Type New Super Cantilever Gantry with MS4 + AMI 

Design Chainage 185170-185210 

Carriageway Southbound 

Marker Post 185/1B+70 – 185/2B+10 

National Grid 
Reference 

E 447558, N 3275460 - E 447547, N 327586 

Existing Ground Level  
Crest of cutting 39.15mAOD  

Carriageway level 35.74mAOD 

Earthwork Type NB: N/A SB: Cutting   From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: N/A SB: 7_M1_42058 HAGDMS designation  

Earthwork Height NB: N/A SB: 3.4m  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 15°  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in acc

AMAR-HML-MLC-DR-CH-0
 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this structure. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Figure 1: Location Plan 
 

Proposed New Structure:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full height Regrade at 1 in 3 gradient. 

 

Proposed Major Structures:   

Super cantilever gantry structure which will incorporate a new MS4 and AMI, situated on the 
southbound carriageway. This new gantry will replace an existing MS3 Gantry. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as a 
cutting. The earthwork height is approximately 3.4m with an angle of 12°. 

The critical cross section at Ch.185210 is based on the section with the greatest earthwork height. 
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Figure 2: Topographic Cross Section Chainage 185210 

Utilities:  

No utilities are present in the vicinity of the gantry. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Wanlip Member – Sand and Gravel 

Solid Deposits: Edwalton Member (Mudstone – Mercia Mudstone Group) 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 1 no. 
relevant exploratory hole is considered outside the design chainage; as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000025, Rev P01.  
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Figure 3: Borehole Location Plan 

 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

 

Historical Boreholes: 

 Closest Borehole 
Number 

SK42NE10  

 Borehole Chainage 185119  

 Borehole Location Northbound Carriageway  

 National Grid 
Reference 

E 447530, N 327500  

 Ground Level at 
Exploratory Hole 

39.2mAOD  

 RAG Analysis Amber  

 Date Drilled 12/08/1961  

 Termination Depth 9.1 metres below ground level (mbgl)  

 Other Suitable Holes None  
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Existing Ground Conditions: 
 
The following ground conditions are assumed based on previous GI data and driven LiDAR 
survery. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Depth to Top 

(mbgl) 
 

Depth to Base 
(mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Embankment Fill  4.75 34.4 
- 

Mercia Mudstone –III/IV >11.5 <28.10 
- 

(1) Ground level is assumed to be at the crest of the cutting / carriageway level 

(2) Due to the proximity of Junction 24, this location is situated within a cutting comprised 

of Embankment Fill forming the embankment that carries the elevate roundabout. 

 

In Situ Testing: 

No in-situ testing data is available. 

Groundwater: 

Groundwater was encountered in SK42NE10 at 35.2mAOD. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
ground level throughout cutting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Rev: 00 Date: May-17  Ref: HA549342-AMAR-HGT-185170-185190-GSS-CE-000001 Page 6 of 14 

 UNCONTROLLED IF COPIED OR PRINTED 

 

GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

3 No Atterberg Limit Test and 2 No Natural Moisture Content tests were undertaken within the 
Mercia Mudstone with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia 
Mudstone- III/IV 

5.64 - 29 15 14 CL 

Mercia 
Mudstone- III/IV 

7.16 - 30 18 12 CL 

Mercia 
Mudstone- III/IV 

8.69 - 47 30 17 MI 

Mercia 
Mudstone- III/IV 

4.27 16.00 - - - - 

Mercia 
Mudstone- III/IV 

9.14 26 - - - - 

 

Three triaxial tests were undertaken within the Mercia Mudstone with the following results: 

Depth to Top of Test 
(mbgl) 

Undrained Shear 
Strength 
(kN/m

2
) 

5.64 482 

7.16 62 

8.69 62 

 
 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this location. 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01.  

 The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Ground 
Investigation. 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0-4.75 
39.15-

34.40 1.70 21 27 0 100 7.8 6.2 - 0.50 0.20 - 2.6 0.45 - 6.2* - 
DS-2 

AC-2 

Mercia Mudstone – 

III/IV (<10m bgl) 
4.75-10.00 

34.40-

29.15 8.30 21 27 2 62 10.8 8.6 - 0.50 0.20 - 3.6 0.54 - 9.0 - 
DS-2 

AC-2 

Mercia Mudstone – 

III/IV (>10m bgl) 

10.00-

>13.05 
<26.10 - 21 30 2 100 16.8 13.4 - 0.50 0.20 - 5.6 0.45 -  - 

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where data was 

available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole SK42NE10. 

(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) Due to the absence of local data for Embankment Fill, the generalised parameters derived in the AMAR GIR are used for Embankment Fill. 

(5) The ϕ' for Mercia Mudstone – III/IV 1-10m bgl is derived using plasticity index lab data (based on Table 2 in BS 8002:2015). The ϕ' obtained has a value of 27°. Three triaxial tests were undertaken in the Mercia Mudstone – III/IV 1-

10m bgl, however no friction angles were recorded. No local geotechnical lab data is available for Mercia Mudstone – III/IV at >10m bgl, therefore generalised AMAR GIR parameters are used for ϕ’ of Mercia Mudstone –III/IV >10m 

bgl. 

(6) No local SPT N values are available for current ground conditions, however three triaxial tests were undertaken within the Mercia Mudstone 1-10m bgl in hole SK42NE10 with results for cu of 480, 62 and 62kN/m
2
. 62kN/m

2
 is 

assumed to be representative for Mercia Mudstone – III/IV 1-10m bgl. For Mercia Mudstone >10m bgl, the AMAR GIR gives a range of 50-200kN/m
2
 and Tomlinson gives an approximate of 100kN/m

2
 for firm to stiff clay; 100kN/m

2
 

is considered appropriate for Mercia Mudstone – III/IV >10m bgl. 

(7) Due to the lack of local SPT N values for current ground conditions, E for Mercia Mudstone – III/IV is based on derivations in the AMAR GIR. 

(8) Shear modulus is based on G = E/2(1+v). 

(9) Adhesion factor is based on BS8004 (equation 41). 

(10) Nc is based on on CIRIA C570. 
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(11) 
*
Nc increases to 9 from 3.6mbgl. 

(12) 
+
Embankment fill assumed to be primarily comprised of reworked Mercia Mudstone therefore an NC value of 6.2 has been assumed. 

(13) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all materials, the classification used for the strata in the AMAR GIR was adopted. 

(14)  
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start Chainage End Chainage Widening Solution 

185170 185210 Full Height Regrade 1 :3.0 

 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2x2) 
900 28 2.70 12 741 1475 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

 BH-G112 , Ch 151180, Southbound – Dynamic Sample with a Rotary Core follow on 
to a scheduled depth of 33.0mbgl. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-185510-185600SB-GSS-000001 

Earthwork Widening 
Solution 

Regrade Full Height 1:3.0 

Structure Number  N/A 

Structure Type N/A 

Design Chainage 185510-185600 

Carriageway Southbound 

Marker Post MP185/5B+10 – MP185/6B+00 

National Grid Reference E 447539, N 327900 – E 447525, N 327983 

Existing Ground Level at 
Location 

Crest of Cutting 37.48mAOD 

Carriageway 34.40mAOD 

Earthwork Type NB: N/A SB: Cutting HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_62641 HAGDMS designation   

Earthwork Height NB: N/A SB: 3.1m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 18°  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 

 
Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Regrade (1:3.0) 

Proposed Major Structures:   

N/A 

 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
a cutting ranging in height from 1.0m  to 3.21m with a typical slope angle of 18 degrees. 

 

The critical cross section at Ch.185510 was based on the section with the greatest earthwork 
height. 
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 Figure 2: Topographic Critical Cross Section Chainage 185510 

 

Utilities:  

No known utilities are present between chainage 185510 and 185600. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Wanlip Member - Sand And Gravel  

Solid Deposits: Edwalton Member – Mudstone / Arden Sandstone Formation - Sandstone 

Ground Investigation: 

There are 3 No. historical exploratory holes recorded within the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000026, Rev P01. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Borehole Location Plan 
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Flood Risk: 

This location is not in an area at risk from flooding. 

Historical Boreholes: 

 Relevant Borehole 
Number 

NWHD1A NWHB1B SK42NE12  

 Borehole Chainage 185516 185517 185572  

 Borehole Location Northbound Southbound Northbound  

 National Grid 
Reference 

E 447493, N 
327894 

E 447493, N 
327894 

E 447490, N 
327950 

 

 Ground Level at 
Exploratory Hole 

33.87mAOD 34.60mAOD 34.70mAOD  

 RAG Analysis Amber Amber Amber  

 Date Drilled 13/09/1999  15/09/1999 09/08/1961 – 
10/08/1961 

 

 Termination Depth 3.10 metres 
below ground 
level (mbgl) 

3.00 metres 
below ground 
level (mbgl) 

9.14 metres 
below ground 
level (mbgl) 

 

 

Other suitable holes  None 
 

 

 

 

 

 

 

 

Existing Ground Conditions: 

 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range 

Glaciofluvial Deposits (Fine 
Grained) 

5.83 31.65 20 (20) 

Mercia Mudstone III-IV (<10mbgl) >10.00 <27.48 - 

  
(1) Ground level is assumed to be at the crest of the cutting;  
(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(3) Due to lack of GI data at this location, it has been assumed based on the Geological Long sections and the topographic survey that 

embankment fill sits on top of Mercia Mudstone. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in exploratory hole SK42NE12. 

Groundwater: 

Groundwater was not encountered in any of the historical boreholes. 
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Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
ground level throughout cutting has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

No geotechnical lab tests have been undertaken between 185510 and 185600. 

Lab Test Data - BRE Classification: 

No chemical laboratory testing data is available between 185510 and 185600. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 
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Glaciofluvial Deposits (Fine 

Grained) 
0.00-5.83 37.48 – 31.65 5.83 21 26 0 100 7.80 6.20 - 0.50 0.20 - 

DS-3 

AC-3 

Mercia Mudstone – III-IV 

<10.0mbgl 
5.83 – 10.00 31.65 – 27.48 4.17 21 30 2 100 10.80 8.60  - 0.50 0.20 - 

DS-2 

AC-2 

Mercia Mudstone >10.0mbgl >10.00 <27.48 - 21 30 2 200 16.80 13.40 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 

(4) Due to limited GI data available for the Mercia Mudstone III/IV<10mbgl, the geotechnical parameters are based on values derived from the AMAR GIR. 

(5) Due to limited GI data available for the Mercia Mudstone III/IV>10mbgl, the geotechnical parameters are based on values derived from the AMAR GIR 

(6) Due to limited GI data available for the Glaciofluvial Deposits (Coarse Grained), the geotechnical parameters are based on values derived from the AMAR GIR. 

(7) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start Chainage End Chainage Widening Solution 

185510 185600 Full Height Regrade 1:3.0 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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FURTHER GROUND INVESTIGATION 

 

‘Just In Time’ GI has not been proposed between chainage 185510 and 185600. 
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PLOTS 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this earthwork. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 

 
Figure 1.1: Location Plan – 185870-186000 

 
 

 
 
 
 
 
 
 

Figure 1.2: Location Plan – 186000-186200 
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Proposed Earthworks Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Granular Wedge at Embankment Crest (1:2.0)  

 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment ranging in height from 2.8m to 3.7m with a typical slope angle of 22 degrees. 

The critical cross section with the highest earthwork height is used at Ch185950. 

 

  

 

Figure 2: Topographic Critical Cross Section Chainage 185950 

 

Utilities:  

Western Power Low Voltage Supply Meter Connection running east to west at chainage 
185895. 

 

 

 

 

 

 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185870-186200-GSS-CE-000001 Page 4 of 23 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities location plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member - Silt And Gravel / Holme Pierrepont Sand And 
Gravel Member - Sand And Gravel 

Solid Deposits: Branscombe Mudstone Formation - Mudstone. 

Ground Investigation: 

There are 3 No. historical exploratory holes recorded within the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000026-27, Rev 
P01. 
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Figure 4.1: Borehole Location Plan – 185870-186000 

 

 

Figure 4.2: Borehole Location Plan – 186000-186200 
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Flood Risk: 

This is earthwork is located in an area where there is a risk of flooding. Flood Level at this 
location is 30.56mAOD.  

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE13 CP1090 SK42NE75  

 Borehole Chainage 185883 186016 186126  

 Borehole Location Northbound Southbound Southbound  

 National Grid 
Reference 

E 447430, N 
328260 

E 447432, N 
328391 

E 447433, N 
328508 

 

 Ground Level at 
Exploratory Hole 

30.40mAOD 33.85mAOD 33.80mAOD  

 RAG Analysis Amber Green Amber  

 Date Drilled 11/08/1961 – 
12/08/1961  

23/11/2006 03/02/1988   

 Termination Depth 9.14 metres 
below ground 
level (mbgl) 

11.39 metres 
below ground 
level (mbgl) 

3.00 metres below 
ground level (mbgl) 

 

 

Other suitable holes  None 
 

 

 

 

 

 

 

 

Existing Ground 
Conditions: 

 

 

The following ground conditions are assumed based on previous GI data.  
 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Embankment Fill 4.97 29.05 19-41 (19) 

Glaciofluvial Deposits (Coarse 
Grained) 

9.02 25.00 15-130 (37) 

Mercia Mudstone – III-IV <10mbgl >9.02 <25.00 
120->150 

(50)** 
(1) Ground level is assumed to be at carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Mercia Mudstone Siltstone was encountered in the borehole logs, however given the uncertainties on ground conditions, only Mercia Mudstone –

III/IV has been used in the ground model for a conservative design. 
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In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in exploratory hole CP1090 and 
SK42NE75. 

Groundwater: 

Groundwater was encountered in exploratory hole SK42NE13 1.97mbgl (29.03mAOD) and rose 
to 0.76mbgl (29.64mAOD). 

Groundwater Design Level: 

A design groundwater level of 30.56mAOD (Flood Risk Level) has been assumed within the 
embankment, with the piezometric line drawing down to ground level at the toe of the 
embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

7 No. Atterberg Limit Tests and 8 No. Moisture content tests were undertaken within 
Embankment Fill, Glaciofluvial Deposits and Mercia Mudstone layers, with the results presented 
below: 

*Plasticity Index for Glaciofluvial Deposits is not considered as the material is predominately granular with pockets of cohesive material.  

 

2 No.Quick Undrained Triaxial  Tests were completed in exploratory borehole CP1090 within the 
Embankment Fill and Mercia Mudstone materials with the results presented below: 
 

Stratum Depth (m) Plastic 

Limit (%) 

Moisture 

Content (%) 

Liquid 

Limit (%) 

Plasticity 

Index 

Classification 

Embankment Fill 3.7 12 14.46 26 14 CL 

Embankment Fill 5.7 10 12.13 27 17 CL 

Embankment Fill 7.5 14 15.28 28 14 CL 

Glaciofluvial 

Deposits* 

0.76 27 28 54 27 ML 

Mercia Mudstone 4.11 20 - 28 8 CL 

Mercia Mudstone 5.33 21 - 23 2 ML 

Mercia Mudstone 15 26 24 37 11 MI 

Stratum Depth (m) Undrained Shear 

Strength (kN/m
2
) 

Embankment Fill 1.5 147.2 

Mercia Mudstone  5.33  117 

Lab Test Data – BRE Classification: 

The table below present the chemical tests completed in the exploratory boreholes. 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Glaciofluvial 
Deposits 

pH Water 1 7.0 - 

Glaciofluvial 
Deposits 

Water Soluble 
Sulphate as SO4 

Water 1 1.00 g/l SO4 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Young’s Modulus (MN/m
2
) Poisson’s Ratio 

B
R

E
 C

la
s
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o
n
 

Eu E’ E Vu ν’ ν 

Embankment Fill 0.00 – 4.97 34.02 – 29.05 4.97 21 26 0 100 7.5 6.0 - 0.5 0.20 - 
DS-2 

AC-2 

Glaciofluvial Deposits 

(Coarse Grained) 
4.97 – 9.02 29.02 – 25.00 4.05 21 37 - - - 51.6 - - 0.25 - 

DS-3 

AC-3 

Mercia Mudstone – III-

IV <10.0mbgl 

9.02 – 

10.00 
29.02– 24.02 0.88 21 30 2 200 10.80 8.60  - 0.5 0.20 - 

DS-2 

AC-2 

Mercia Mudstone 

>10.0mbgl 
>10.00 <24.02 - 21 30 2 250 16.80 13.40 - 0.5 0.20 - 

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where data 

was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 

(3) Due to limited localised GI data, typical values for bulk density, cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 

(4) ϕ' of Embankment Fill was determined using Table 2 in BS8002:2015 using typical PI of 14% gives 27°. 
(5) cu of Embankment Fill was derived using the Stroud correlation. A typical PI of 14% gives an f1 value of 6.8, combined with a SPT ‘N’ value of 19, this gives a typical cu of 129kN/m

2
. Cu value from the triaxial test in 73kN/m

2
, a 

value of 100kN.m
2
 has been adopted for design. 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using SPT ‘N’ value of 19, Eu = 7.5MN/m2. Therefore E’ = 6.0MN/m2. 
(7) ϕ' of Glaciofluvial Deposits was determined using correlation with SPT ‘N’ values (Peck 1974). Using a typical ‘N’ value of 37 gives an angle of 37°. 
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(8) E’ of Glaciofluvial Deposits was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 37) gives a value of 51.6MN/m2. 
(9) ϕ' of Mercia Mudstone  was has been based on typical values from CIRIA C570. 

(10) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. In the absence of sufficient PI data, the typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) was adopted; combined with a typical SPT ‘N’ value of 50, 
this gives a cu of 250kN/m2.  Due to this value being greater than the range supplied in the AMAR GIR, a value of 200kN/m

2
 has been adopted as per the AMAR GIR. 

(11) Eu & E’ for Mercia Mudstone – III/IV (<10mbgl) is based in values derived in AMAR GIR due to lack of data present within this layer. 

(12) Eu & E’ for Mercia Mudstone – III/IV (>10mbgl) is based in values derived in AMAR GIR due to lack of data present within this layer. 

(13) BRE Classification is determined using criteria set out in BRE Special Digest 1. Due to the lock of BRE test data for All strata, the classification used for the strata in the AMAR GIR was adopted. 

 

 
 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4.1: Geological Long Section 
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Figure 4.1: Geological Long Section 
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Figure 4.2: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

185870 186200 
Granular Wedge at 

Embankment Crest (1:2.0) 

4.5 45 (1V:1H) 

 

 

 

Proposed Structural Solution: 

N/A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 L-CCD-13A and 13B, Chainage 186180, Southbound –CPT test to a maximum depth 
of 5mbgl. 

 T-CCD-45A and 45B, Chainage 185905, Southbound –CPT test to a maximum depth 
of 5mbgl. 

 T-CCD-18A and 18B, Chainage 186165, Southbound –CPT test to a maximum depth 
of 5mbgl. 

 T-CCD-17A, Chainage 186057, Northbound –CPT test to a maximum depth of 
5mbgl. 

 T-CCD-17A, Chainage 186057, Southbound –CPT test to a maximum depth of 
5mbgl. 
 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Document Reference HA549342-AMAR-HGT-186210-186400SB-GSS-000001 

Earthwork Widening 
Solution 

Full Height Embankment Widening 1:2.0 

Structure Number Gantry 202 and Gantry 203 
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National Grid Reference E 447469, N 328252 – E 447379, N 328569 

Existing Ground Level at 
Location 

Carriageway 33.70mAOD 
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Earthwork Type NB: N/A SB: Embankment HAGDMS designation  

Earthwork Number NB: N/A 
SB: 7_M1_24390 & 
7_M1_24405 

HAGDMS designation   

Earthwork Height NB: N/A SB: 2.30m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 23°  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this earthwork. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 
Figure 1: Location Plan 

 

Proposed Earthworks Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Full Height Embankment Widening at 1 in 2 gradient. 

Proposed Major Structures:   

Superspan Cantilever (Gantry 202) and ADS Cantilever (Gantry 203) proposed at Ch.186240 
and Ch.186400 respectively. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment ranging in height from 1.0m to 2.3m with a typical slope angle of 23 degrees. 

The critical cross section with the greatest earthwork height and widening is Ch186210. 
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Figure 2: Topographic Critical Cross Section Chainage 186210 

Utilities:  

Severn Trent Water Supply Pipe running east to west between chainage 186340 and 186380. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities location plan  

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Holme Pierrepont Sand and Gravel Member – Sand and Gravel (River 
Terrace Deposits) 

Solid Deposits: Branscombe Mudstone Formation - Mudstone. 
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Ground Investigation: 

There are 3 No. historical exploratory holes recorded within the design chainage, as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 

 

 

Figure 4: Borehole Location Plan 

Flood Risk: 

Gantry 202 is located within an area at risk from flooding. The estimated design flood level on 
both the NB and SB side of the gantry is 32.3mAOD, however Gantry 203 is not located in a flood 
risk zone. 

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04 

 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE395 SK42NE419 SK42NE426  

 Borehole Chainage 186390 186368 186357  

 Borehole Location Southbound 
(J24A Off Slip) 

Northbound Southbound (J24A 
Off Slip) 

 

 National Grid 
Reference 

E 447340, N 
328755 

E 447472, N 
328710 

E 447352, N 
328725 

 

 Ground Level at 
Exploratory Hole 

30.93mAOD 31.51mAOD 30.60mAOD  
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 RAG Analysis Green Amber Amber  

 Date Drilled 15/06/1992 22/06/1992 24/06/1992   

 Termination Depth 10.00 meters 
below ground 
level (mbgl) 

4.00 metres below 
ground level (mbgl) 

2.85 metres below 
ground level 
(mbgl) 

 

 

Other suitable holes  None 
 

 

 

 

 

 

 

 

Existing Ground 
Conditions: 

 

 

The following ground conditions are assumed based on previous GI and driven 
LiDAR Survey data. 

 

Stratum 
Depth to 

Base 
(mbgl) 

Depth to 
Base 

(mAOD) 

SPT ‘N’ 
Value 

Range* 

Hand Vane 
Strength 
Range 
(kN/m

2
) 

Embankment Fill 4.70 29.00 20 (20) 188 

River Terrace 
Deposits (coarse 

grained) 
8.20 25.50 43-56 (43) - 

Mercia Mudstone – 
III/IV  

>8.20 <25.50 >150  - 

 
 

(1) Ground level is assumed to be at the carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

Geotechnical hazard plan HA549342-AMAR-HGT-SWI-DR-CE-000054 shows hazard ‘E16’ (“4m 
of refuse material and unsuitable material removed below formation level”) in the vicinity of the 
southbound leg of the proposed new gantry. 
 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in exploratory hole SK42NE395 and 1 
No. Hand Shear Vane was completed in borehole SK42NE419. 

Groundwater: 

Groundwater was encountered in the historical exploratory holes and is presented in the table 
below: 

 

 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

SK42NE395 Embankment 
Fill 

1.28 29.65 N/A N/A N/A 

SK42NE419 Glaciofluvial 
Deposits 

3.20 28.31 N/A 2.55 28.96 

SK42NE426 Embankment 
Fill 

1.05 29.55 N/A N/A N/A 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-186210-186400SB-GSS-CE-000001 Page 6 of 19 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 

Groundwater Design Level: 

Groundwater level for design has been assumed as the flood risk level (32.30mAOD). Baseline 
flood levels were provided by BWB Consulting and are detailed within the Environmental Study 
Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

1 No. Atterberg Limit Tests and 4 No. Moisture content tests ere undertaken within Embankment 
Fill and River Terrace Deposits layers, with the results presented below: 

Stratum 
Depth to Top 
of Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment 

Fill 
0.00 20.50 - - - - 

Embankment 

Fill 
1.00 31.30 32 20 12 CL 

Embankment 

Fill 
2.00 10.20 - - - - 

River Terrace 

Deposits 
3.00 7.40 - - - - 

 

  

 

 

Lab Test Data – BRE Classification: 

No chemical test data is available for this earthwork. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Embankment fill 0-4.70 
33.70-

29.00 4.70 21 27 0 100 7.8 6.2 - 0.50 0.20 - 2.6 

0.45 

1.0 6.2* 

 DS-2 

AC-2 

River Terrace Deposits 

(coarse grained) 
4.70-8.20 

29.00-

25.50 3.50 20 39 - - - 58.8 - - 0.25 - 23.5 

- 

1.0 - 

50 DS-3 

AC-3 

Mercia Mudstone – III/IV 

(<10m bgl) 

8.20-

10.00 

25.50-

23.70 1.80 21 30 2 100 10.8 8.6 - 0.50 0.20 - 3.6 

0.45 

- 9 

- DS-2 

AC-2 

Mercia Mudstone – III/IV 

(>10m bgl) 
>10.00 <23.70 - 21 30 2 200 16.8 13.4 - 0.50 0.20 - 5.6 

0.37 

- 9 

- DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where data 

was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole SK42NE395. 

(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) Due to the absence of local data for Embankment Fill, the generalised parameters derived in the AMAR GIR are used for Embankment Fill. 

(5) The ϕ’ for River Terrace Deposits (coarse grained) is based on a conservative SPT N value of 43, and compared to the correlation by Peck 1974. 

(6) The ϕ' for Mercia Mudstone – III/IV 1-10m bgl is based on values from the AMAR GIR due to lack of PI data available. 
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(7) cu for Mercia Mudstone – III/IV is based on the AMAR GIR parameters due to a lack of local data. 

(8) E’ of River Terrace Deposits (coarse grained) can be determined using Bowles correlation E’ = 1200 (N + 6) which (using conservative N value of 43) gives a value of 58.8MN/m
2
. 

(9) Due to the lack of local SPT N values for current ground conditions, E for Mercia Mudstone – III/IV >10m bgl is based on derivations in the AMAR GIR. 

(10) Shear modulus is based on G = E/2(1+v). 

(11) Adhesion factor for Embankment fill is based on BS8004 (equation 41). 

(12) Nc is based on BS8004 for Embankment Fill, and on CIRIA C570 for Mercia Mudstone. * increases to ‘9’ from 3.6m bgl. 

(13) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(14) Nq is based on relationship with density as shown in Tomlinson (Table 7.1). 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

186210 186400 
Full Height Embankment 

Widening (1:2.0) 

10.32 26.6  

 

 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

Structure 
Reference 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 

Pile Working 
Load (kN) 

Gantry 202 
3 

(1x3) 
900 15.5 2.70 11 805 677 

Gantry 203 
4 

(2x2) 
900 25.0 2.70 13 464 1137 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH –G202B at chainage 186240, Southbound – Dynamic Sample with a Rotary Core 
follow on up to a minimum depth of 19.0m bgl. 

 BH –G203 at chainage 186240, Southbound – Dynamic Sample with a Rotary Core 
follow on upto a minimum depth of 30.0m bgl. 

 T – CCD – 19B, 186255, Northbound,  CPT up to a minimum depth of 5.0mbgl. 

 L – CCD – 14B, 186255, Southbound, CPT test up to a minimum depth of 5.0mbgl. 
 

  

Further Ground Investigation 
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LOGS 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-186800-186880SB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Embankment Widening (1:2.0), Granular Wedge at 
Embankment Crest (1:2.0) 

Structure Number GANTRY_301 1 

Structure Type Superspan Portal Gantry  

Design Chainage 186800-186880 

Carriageway Southbound 

Marker Post 186/8A+00 – 186/8A+80 

National Grid 
Reference 

E 447204, N 329142 – E 447174, N 329216 

Existing Ground Level 
at Structure Location 

Carriageway 35.40-36.90mAOD 

Toe of Embankment 30.10-30.70mAOD 

Earthwork Type NB: N/A SB: Embankment  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: N/A 
SB: 7_M1_22028 & 
7_M1_22192 

HAGDMS designation  

Earthwork Height NB: N/A SB: 4.7-6.8m  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 27° 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in acc

HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch186800-186830, Granular Wedge at Embankment Crest (1:2.0); 

 Ch186830-186860, Full Height Embankment Widening (1:2.0); 

 Ch186860-186880, Granular Wedge at Embankment Crest (1:2.0). 

Proposed Major Structure:   

A new Superspan Portal Gantry structure (Gantry 301) has been proposed at chainage 186847. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that location comprises and embankment of 4.7-6.8m 
height (increasing in height from south to north) and a proposed slope gradient of 27°. 

The critical cross sections (i.e. the cross section with the greatest earthwork height) used for 
design are as follows: 

 Ch186850, Full Height Embankment Widening and Gantry 301; 

 Ch186880, Granular Wedge at Embankment Crest. 
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Figure 2.1 Topographic Critical Cross Section Chainage 186850 

 

Figure 2.2 Topographic Critical Cross Section Chainage 186880 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: Holme Pierrepont Sand and Gravel Member (Sand and Gravel) 

Solid Deposits: Branscombe Mudstone Formation (Mudstone – Mercia Mudstone Group) 

Ground Investigation: 

There are 4 No. historical exploratory holes recorded within 100m of the chainage extents, as 
presented on the Geological Long Section, Drawing No. HA549342-AMAR-HCT-SWI-DR-CE-
000028, Rev P01. 
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Figure 3: Borehole Location Plan 

Flood Risk: 

The design flood level is 30.52mAOD. Baseline flood levels were provided by BWB Consulting 
and are detailed within the Environmental Study Report by AMAR: Document Ref HA549342-
AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Closest Borehole 
Number 

SK42NE425  

 Borehole Chainage 189811  

 Borehole Location Southbound  

 National Grid 
Reference 

E 447197, N 329152  

 Ground Level at 
Exploratory Hole 

32.27mAOD  

 RAG Analysis Amber  

 Date Drilled 19/06/1992  

 Termination Depth 4.00m bgl  

 Distance from 
Structure 

35.9m  

 

Other suitable holes  SK42NE381, SK42NE382 & SK42NE398 
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Existing Ground Conditions: 

The following ground conditions have been assumed based on the driven LiDAR survey and 
historical GI data. 

 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Hand Vane 
Strength Range 

(kN/m
2
) 

Embankment Fill 6.9 30.0 17-21 (20) - 

River Terrace 
Deposits 

12.1 24.8 5-107 (30) 140 and 148 

Mercia Mudstone – 
III/IV 

>12.1 <24.8 21-109 (23) - 

(1) Ground level is assumed to be at the carriageway level; 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
SK42NE381, SK42NE382 and SK42NE398. 

2 No. hand vane strength tests have been undertaken within historical exploratory hole 
SK42NE425. 

Groundwater: 

Water strikes were encountered in SK42NE382 at 3.85mbgl (33.31mAOD) on the first day of 
drilling and at 9.45mbgl (27.17mAOD) on the second day of drilling. 

No groundwater data was recorded for the other historical exploratory holes. 

Groundwater Design Level: 

Limited groundwater data is available therefore design groundwater level of 30.52mAOD (Flood 
Risk Level) has been assumed within the embankment, with the piezometric line drawing down 
to ground level at the toe of the embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

5 No. Atterberg Limit Test, 9 No. Natural Moisture Content tests and 3 No. Quick Undrained 
Triaxial tests were undertaken within the Embankment Fill and Mercia Mudstone with the 
following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 0.80 22.0 - - - - 

Embankment Fill 1.00 16.0 - - - - 

Embankment Fill 1.20 17.0 36 16 20 CI 

Embankment Fill 1.80 16.3 - - - - 

Embankment Fill 2.30 18.2 34 14 20 CL 

Embankment Fill 2.79 14.9 - - - - 

Embankment Fill 2.80 12.6 32 17 15 CL 

Embankment Fill 3.40 13.4 32 15 17 CL 

Embankment Fill 4.40 14.7 34 14 20 CL 

Mercia Mudstone 1.00 7.3 23 14 9 CL 

Mercia Mudstone 6.60 19.3 - - - - 

Mercia Mudstone 8.00 16.6 - - - - 

Mercia Mudstone 9.00 16.0 - - - - 

Mercia Mudstone 9.50 8.0 - - - - 

 

3 No. Quick Undrained Traixial Tests were undertaken within the Embankment Fill with the 
following results 

Stratum Depth (mbgl) 
Undrained 

Shear Strength 
(kN/m

2
) 

Embankment Fill 1.20 110 

Embankment Fill 2.80 170 

Embankment Fill 4.40 150 

 

 

 
 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this structure location. 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01.  

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 

S
tr

a
tu

m
 

D
e
p

th
 (

m
 b

g
l)
 

D
e
p

th
 (

m
 A

O
D

) 

T
h

ic
k
n

e
s
s
 (

m
) 

B
u

lk
 D

e
n

s
it

y


b
 (

k
N

/m
3
) 

F
ri

c
ti

o
n

 A
n

g
le

’ 

(°
) 

C
o

h
e

s
io

n
 c

’ 
(k

N
/m

2
) 

U
n

d
ra

in
e
d

 S
h

e
a
r 

S
tr

e
n

g
th

 c
u

 (
k
N

/m
2
) 

Young’s Modulus 
(MN/m

2
) Poisson’s Ratio 

S
h

e
a
r 

M
o

d
u

lu
s
 (

M
N

/m
2
) 

A
d

h
e

s
io

n
 F

a
c
to

r 
α
 

K
s
/K

0
 

N
c
 

N
q
 

B
R

E
 C

la
s
s
if

ic
a
ti

o
n
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Embankment 

Fill 
0-6.9 36.9-30.0 6.9 21 26 0 120 6.9 5.5 - 0.50 0.20 - 2.30 0.40 - 6.9* - 

DS-2 

AC-2 

River Terrace 

Deposits 
6.9-12.1 30.0-24.8 6.2 20 36 - - - 43.2 - - 0.35 - 16.0 - 1.0  30 

DS-3 

AC-3 

Mercia 

Mudstone – 

III/IV 

>12.1 <24.8 - 21 27 2 115 8.7 7.0 - 0.50 0.20 - 2.90 0.40 - 9 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) cu of Embankment Fill can be determined using SPT N values and the Stroud correlation; these results and those from hand shear vanes and triaxial tests are included as a plot of cu versus elevation. Based on these values, 

it is considered that a cu of 120kN/m
2
 is characteristic of the stratum. 

(4)  ϕ' of Embankment Fill can be determined using Table 2 in BS8002:2015 using a typical PI of 20% gives 26°. 

(5) E’ of Embankment Fill can be determined using Bowles relationship Eu = 300 (N + 6) = 300 (17 + 6) = 6.9MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) Eu = 5.5MN/m

2
. 

(6) ϕ' of River Terrace Deposits can be determined using correlation with SPT (Peck 1974) N values (typical N value of 30) gives an angle of 36°. 

(7) E’ of River Terrace Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using typical N value of 30) gives a value of 43.2MN/m
2
. 

(8) cu of Mercia Mudstone – III/IV can be derived using the Stroud correlation. A characteristic PI of 14% was used to derive an f1 value of 5.0; combined with a conservative SPT N value of 23, this gives a cu of 115kN/m
2
. 

(9) ϕ' of Mercia Mudstone III/IV can be determined using Table 2 in BS8002:2015 using typical PI of 14% gives 27°. 

(10) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 23 gives Eu = 8.7MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) Eu 

= 7.0MN/m
2
. 
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(11) Shear modulus is based on G = E/2(1+v). 

(12) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 

(13) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  

(14) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(15) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 

(16) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

 

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

186800 186830 
Granular Wedge at 

Embankment Crest (1:2.0) 

9.00 45 (1V:11H) 

186830 186860 
Full Height Embankment 

Widening (1:2.0) 

6.60 26.6 (1V:2H) 

186860 186880 
Granular Wedge at 

Embankment Crest (1:2.0) 

9.00 45 (1V:11H) 

 
 

 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 
 

 
 

  

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2 x 2) 
900 13 2.70 10 1720 768 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-186800-186880SB-GSS-CE-000001 Page 11 of 21 

 UNCONTROLLED IF COPIED OR PRINTED 

 

FURTHER GROUND INVESTIGATION 
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

 BG-G301B at change 186847, southbound, 18m dynamic sample with rotary follow 
on exploratory hole. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-186890-187070SB-GSS-000001 

Earthwork Widening 
Solution 

Full Height Embankment Widening 1:2.0 

Structure Number N/A 

Structure Type N/A 

Design Chainage 186890-187070 

Carriageway Southbound 

Structure Type & Reference N/A 

Structure Chainage N/A 

Marker Post MP186/8B+90 – MP187/0B+70 

National Grid Reference E 447169, N 329227 – E 447108, N 329392 

Existing Ground Level at 
Location 

Carriageway  38.50mAOD 

Toe of embankment 30.65mAOD 

Earthwork Type NB: N/A SB: Embankment HAGDMS designation  

Earthwork Number NB: N/A 
SB: 7_M1_22028 & 
7_M1_22029 

HAGDMS designation   

Earthwork Height NB: N/A SB: 7.9m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 25°  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 
 

 
 
 
 
 

Figure 1: Location Plan 

 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed  

 Full Height Embankment Widening (1:2.0) 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment ranging in height from 6.2m to 7.9m with a typical slope angle of 25 degrees. 

The critical cross section at chainage 187020 is based on the section with the greatest 
earthwork height. 
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Figure 2: Topographic Critical Cross Section Chainage 187020 

 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Holme Pierrepont Sand and Gravel Member – Sand and Gravel  

Solid Deposits: Branscombe Mudstone Formation - Mudstone. 

Ground Investigation: 

There is 1 No. historical exploratory holes recorded within the design chainage, with additional 4 
no. relevant exploratory holes considered, as shown on Geological Long Section, Drawing No. 
HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 
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Figure 3: Borehole Location Plan  

Flood Risk: 

The design flood level is at 30.55mAOD. Baseline flood levels were provided by BWB 
Consulting and are detailed within the Environmental Study Report by AMAR: Document Ref 
HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE381 SK42NE382 SK42NE425  

 Borehole Chainage 186829 186884 186811  

 Borehole Location Northbound Northbound Southbound   

 National Grid Reference E 447131, N 
329149 

E 447132, N 
329207 

E 447197, N 
329152 

 

 Ground Level at 
Exploratory Hole 

31.26mAOD 37.16mAOD 32.27mAOD  

 RAG Analysis Green Green Amber  

 Date Drilled 09/06/1992 – 
11/06/1992 

09/06/1992 – 
11/06/1992 

19/06/1992   

 Termination Depth 9.95 meters 
below ground 
level (mbgl) 

15.00 metres 
below ground 
level (mbgl) 

4.00 metres 
below ground 
level (mbgl) 

 

 

Other suitable holes  SK42NE398 and CP1094 
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Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

Stratum 
Depth to 

Base 
(mbgl) 

Depth to 
Base 

(mAOD) 

SPT ‘N’ 
Value 

Range* 

Hand Vane 
Strength 
Range 
(kN/m

2
) 

Embankment Fill 8.50 30.00 7 - 21 (17) 140-148 

River Terrace 
Deposits (coarse 

grained) 
12.5 26.00 5 - 107 (43) - 

Mercia Mudstone – 
III/IV 

>12.5 <26.00 
20->150 

(38) 
- 

 

 
 

 
(1) Ground level is assumed to be at carriageway level; 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary; 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in exploratory hole SK42NE398, 
SK42NE381, SK42NE382 and CP1094 and 2 No. Hand Shear Vane was completed in borehole 
SK42NE419. 

Groundwater: 

Groundwater was encountered in SK42NE382 at 3.40mbgl (33.76mAOD) and at 9.45mbgl 
(27.71mAOD). 

Groundwater Design Level: 

No Local groundwater is available therefore design groundwater level of 30.55mAOD (Flood 
Risk Level) has been assumed within the embankment, with the piezometric line drawing down 
to ground level at the toe of the embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

9 No. Atterberg Limit Tests and 17 No. Moisture content tests, 2 No. Hand Shear Vane Test and 
4 No. Triaxial tests were undertaken within Embankment Fill and River Terrace Deposits and 
Mercia Mustone  layers, with the results presented below: 

Stratum 
Depth to Top 
of Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 0.50 - - - - - 

Embankment Fill 0.80 22.20 - - - - 

Embankment Fill 1.00 16.00 - - - - 

Embankment Fill 1.80 16.30 - - - - 

Embankment Fill 2.00 16.76 28 16 12 CL 

Embankment Fill 2.30 18.20 34 14 20 CL 

Embankment Fill 2.79 14.90 - - - - 

Embankment Fill 2.80 12.60 32 17 15 CL 

Embankment Fill 3.40 13.40 32 15 17 CL 

Embankment Fill 4.40 14.70 34 14 20 CL 

Embankment Fill 1.20 17.00 36 16 20 CI 

Embankment Fill 6.00 17.52 33 15 18 CL 

River Terrace 

Deposits 
1.00 7.30 23 14 9 CL 

Mercia Mudstone- 

III/IV 
6.60 19.30 - - - - 

Mercia Mudstone- 
III/IV 8.00 16.60 - - - - 

Mercia Mudstone- 
III/IV 9.00 16.00 - - - - 

Mercia Mudstone- 
III/IV 9.50 8.00 - - - - 

Mercia Mudstone- 
III/IV 15.00 24.24 35 14 21 CI 

 

  

4 No. Triaxial Tests were undertaken within the Embankment Fill with the following results 

 

 

 

Stratum Depth (mbgl) 
Undrained 

Shear Strength 
(kN/m

2
) 

Embankment Fill 1.20 108 

Embankment Fill 2.80 172 

Embankment Fill 3.50 107 

Embankment Fill 4.40 152 
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Lab Test Data – BRE Classification: 

No chemical test data is available for this earthwork. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Ground 
Investigation. 
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Young’s Modulus 
(MN/m

2
) 

Poisson’s Ratio 

B
R

E
 C

la
s
s
if

ic
a
ti

o
n
 

Eu E’ E Vu ν’ ν 

Embankment Fill 0.00-8.50 38.50-30.00 8.50 21 27 0 111 6.9 5.5 - 0.50 0.20 - 

DS-2  

AC-2 

River Terrace Deposits (coarse 

grained) 
8.50-12.50 30.00-26.00 4.00 20 39 - - - 58.8 - - 0.35 - 

DS-3 

AC-3 

Mercia Mudstone – III/IV (>10m bgl) >12.50 <26.00 - 21 30 2 200 13.2 10.6 - 0.50 0.20 - 

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 

(where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole SK42NE395. 

(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) ϕ’ for Embankment Fill is derived using plasticity index (based on Table 2 in BS8002:2015). For an average PI of 15, ϕ’ is 27
0
. 

(5) cu of Embankment Fill was derived using the Stroud correlation. A typical PI of 15% gives an f1 value of 6.5, combined with a typical SPT ‘N’ value of 17, this gives a typical cu of 111kN/m
2
. 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 17, Eu = 6.9MN/m
2
. Therefore E’ = 

5.5MN/m
2
. 

(7) ϕ’ for River Terrace Deposits (coarse grained) is based on a conservative SPT N value of 43, and compared to the correlation by Peck 1974. Using a typical ‘N’ value of 43 gives an angle of 39°. 

(8) E’ of River Terrace Deposits (coarse grained) was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 43) gives a value of 58.8MN/m
2
. 
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(9) The ϕ' for Mercia Mudstone – III/IV >10m bgl is based on values in the AMAR GIR due to lack of PI data available at this location. 

(10) cu for Mercia Mudstone – III/IV is based on the AMAR GIR parameters due to a lack of local data. 

(11) E’ of Mercia Mudstone >10mbgl was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 38, Eu = 13.2MN/m2. 

Therefore E’ = 10.6MN/m2. 

(12) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 

properties 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

186890 187070 
Full Height Embankment 

Widening (1:2.0) 
6.1 26.6 (1V:2H) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH –G302 at chainage 187073, Southbound – Dynamic Sample with a Rotary Core 
follow on up to a minimum depth of 25.0m bgl. 

. 

  

FURTHER GROUND INVESTIGATION 
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LOGS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-187120-187620SB-GSS-000001 

Earthwork Widening 
Solution 

Full Height Embankment Widening 1:2.0 and Granular Wedge at 
Embankment Crest 1:2.0 

Structure Number Gantry 326 and Gantry 303 

Structure Type MS4 Cantilever and ADS Cantilever 

Design Chainage 187120-187620 

Carriageway Southbound 

Marker Post MP187/1B+20 – MP187/6B+20 

National Grid Reference E 447092, N 329443 – E 446933, N 329915 

Existing Ground Level 
at Location 

Carriageway 38.50 – 33.40mAOD 

Toe of embankment 31.00 – 31.30mAOD 

Earthwork Type NB: N/A SB: Embankment HAGDMS designation  

Earthwork Number NB: N/A 
SB: 7_M1_21152 & 
7_M1_22215 

HAGDMS designation   

Earthwork Height NB: N/A SB: 2.1 – 7.5m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 23°  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in accordance with Drawing Sequence HA549342-AMAR-HML-MLC-DR-CH-000001 to 

HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR 
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DESK STUDY 

 
 
 

 

 
 
 

 
 
 
 
 
 
 
 
 
Figure 1.1: Location Plan – 187100 – 187200 
 
 

 

 
Figure 1.2: Location Plan – 187200 – 187620 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 187120-187250 – granular wedge at embankment crest (1:2.0) 

 187280-187320 – full height embankment widening (1:2.0) 

 187350-187490 – granular wedge at embankment crest (1:2.0) 

 187600-187620 – full height embankment widening (1:2.0) 

Proposed Major Structures: 

The following structures have been proposed between chainage 187120 and 187620 and will 
require foundation design: 

 MS4 Cantilever Gantry 326 

 ADS Cantilever Gantry 303 
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Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment ranging in height from 2.1m to 7.5m with a typical slope angle of 23 degrees. 

 

The critical cross sections for both solutions at chainages 187130 and 187290 were based on 
sections with the greatest earthwork height. 

 1:2.0 Granular Wedge at Embankment Crest  

 

Figure 2.1: Topographic Critical Cross Section Chainage 187130 

 

1:2.0 Full Height Embankment Widening 

 

 

Figure 2.2: Topographic Critical Cross Section Chainage 187290 
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Utilities:  

British Telecoms Communication cable running from southbound verge to northbound at ch 
187170 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities location plan  

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Holme Pierrepont Sand and Gravel Member – Sand and Gravel / 
Hemington Member - Silt And Gravel 

Solid Deposits: Branscombe Mudstone Formation – Mudstone / Edwalton Member - Mudstone 

Ground Investigation: 

There are 3 No. historical exploratory holes recorded within the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000029, Rev P01. 
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Figure 4.1: Borehole Location Plan – 187100-187200 

 

Figure 4.2: Borehole Location Plan - 187200-187620 

 

Flood Risk: 

The desgin flood level varies between 30.72mAOD and 30.90mAOD. Baseline flood levels were 
provided by BWB Consulting and are detailed within the Environmental Study Report by AMAR: 
Document Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 
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Historical Boreholes: 

 Relevant Borehole 
Number 

CP1094 CP1096 NWHM1  

 Borehole Chainage 187130 187290 187526  

 Borehole Location Southbound Northbound Northbound  

 National Grid 
Reference 

E 447089, N 
329452 

E 447000, N 
329591 

E 446930, N 
329816 

 

 Ground Level at 
Exploratory Hole 

38.10mAOD 36.70mAOD 34.20mAOD  

 Date Drilled 22/11/2006 17/10/2006 – 
18/10/2006 

16/09/1999 - 
19/09/1999  

 

 Termination Depth 17.05 meters 
below ground 
level (mbgl) 

17.21 metres 
below ground 
level (mbgl) 

6.00 metres below 
ground level (mbgl) 

 

 

Other suitable 
holes  

TP1095 
 

 

 

 

 

 

 

Existing Ground 
Conditions: 

 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Embankment Fill 7.50 31.00 7-16 (9) 

Glaciofluvial Deposits 
(Coarse Grained) 

15.0 23.5 13 - 136 (50) 

Mercia Mudstone –
Siltstone 

>15.0 <23.5 38-150 (50) 
 

 
 

 
(1) Ground level is assumed to be at  carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in exploratory hole CP1094, CP1096 
and NWHM1. 

Groundwater: 

No Groundwater was encountered within any of the historical exploratory hole. 
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Groundwater Design Level: 

No Local groundwater is available therefore design groundwater level of 30.90mAOD (Flood 
Risk Level) has been assumed within the embankment, with the piezometric line drawing down 
to ground level at the toe of the embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

4 No. Atterberg Limit Tests and 4 No. Moisture content tests were undertaken within 
Embankment Fill and Mercia Mudstone  layers, with the results presented below: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Cu 
(kN/m

2
) 

Embankment 

Fill 
2.00 16.76 28 16 12 CL 

- 

Embankment 

Fill 
3.70 17.15 36 18 18 CL - 

Embankment 

Fill 
6.00 17.52 33 15 18 CL - 

Mercia 
Mudstone 15.00 24.24 35 14 21 CI 

- 

 

 

3 No. Quick Undrained Traixial Tests were undertaken within the Embankment Fill with the 
following results: 

Stratum Depth (mbgl) 
Undrained 

Shear Strength 
(kN/m

2
) 

Embankment Fill 1.20 110 

Embankment Fill 3.20 44 

Embankment Fill 3.50 107 

 

 

Lab Test Data - BRE Classification: 

No chemical test data is available for this earthwork. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Ground 
Investigation. 
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Embankment Fill 
0.00-

7.50 

38.50-

31.00 7.5 21 26 0 50 4.5 3.6 - 0.50 0.20 - 1.50 0.45 - 6.9* - 
DS-2 

AC-2 

Glaciofluvial 

Deposits (coarse 

grained) 

7.50 – 

15.00 

31.0-

23.50 7.50 21 41 - - - 55.2 - - 0.25 - 22.08 - 1.0 - 50 
DS-3 

AC-3 

Mercia 

Mudstone – 

Siltstone 

>15.00 <23.50 >3.90 22 - - 250 - - 75 - - 0.20 31.25 0.4 - 9.0 - 
DS-1 

AC-1s 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded in historical boreholes CP1096. 

(3) Typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(4) cu of Embankment Fill can be derived using the Stroud correlation. The recorded PI of 18% gives an f1 value of 5.5, combined with a SPT N value of 9, this gives a typical cu of 50kN/m
2
.  

(5) ϕ' of Embankment Fill can be determined using Table 2 in BS8002:2015 using the recorded PI of 18% gives 26°. 

(6) E’ of Embankment Fill is based relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the conservative SPT N value of 9, Eu = 4.5MN/m
2
. Therefore E’ = 3.6MN/m

2
. 

(7) ϕ' of Glaciofluvial Deposits can be determined using correlation with SPT (Peck 1974) N values. Using a typical N value of 50 gives an angle of 41°. 

(8) E’ of Glaciofluvial Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using typical N value of 50) gives a value of 67.2MN/m
2
. This value is above the range given in the AMAR GIR and is 

considered to be unrepresentatively high for the stratum; therefore the upper bound of the range given in the AMAR GIR is considered more appropriate. 
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(9) cu of Mercia Mudstone – Siltstone can be derived using the Stroud correlation. A typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) is adopted; combined with a typical SPT N value of 50, this gives a cu of 250kN/m
2
. 

(10) Due to a lack of local test data to derive E for Mercia Mudstone – Siltstone, the value derived in the AMAR GIR is adopted. 

(11) Due to a lack of local test data for Mercia Mudstone – Siltstone, the characteristic UCS and E values derived in the AMAR GIR are used. 

(12) Shear modulus is based on G = E/2(1+v). 

(13) Adhesion factor is based on BS8004 (equation 41). 

(14) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl. Embankment Fill is assumed to comprise reworked Mercia Mudstone. 

(15) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(16) Nq is based on relationship with density as shown in Tomlinson (Table 7.1). 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5.1: Geological Long Section – 187100-187200 

 

 

Figure 5.2: Geological Long Section – 187200-187620 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

187120 187250 
Granular Wedge at 

Embankment Crest (1:2.0) 
6.5 26.6 (1V:2H) 

187280 187320 
Full Height Embankment 

Widening (1:2.0) 
4 26.6 (1V:2H) 

187350 187490 
Granular Wedge at 

Embankment Crest (1:2.0 
6.5 26.6 (1V:2H) 

187600 187620 
Full Height Embankment 

Widening (1:2.0) 
4 26.6 (1V:2H) 

 

Proposed Structural Solution: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

Structure 
Reference 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 

Pile Working 
Load (kN) 

Gantry 326 
4 

(2x2) 
750 9 2.25 12 227 741 

Gantry 303 
4 

(2x2) 
900 20 2.70 11 481 1143 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

: 

 BH –G326 at chainage 187300, Southbound – Dynamic Sample with a Rotary Core 
follow on up to a depth of 14.0m bgl. 

 BH –G303 at chainage 187608, Southbound – Dynamic Sample with a Rotary Core 
follow on up to a depth of 25.0m bgl. 

 T-CCD-24B at chainage 187499, Southbound – CPT up to a depth of 5.0mbgl. 

  

FURTHER GROUND INVESTIGATION 
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-187800-187830SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number Gantry 305 

Structure Type MS4 Cantilever Gantry + CCTV 

Design Chainage 187800-187830  

Carriageway Southbound 

Marker Post MP187/8B+00 – MP187/8B+30 

National Grid Reference E 446880, N 330085 – E 446871, N 330113  
 

Existing Ground Level at 
Location 

Carriageway 33.71 mAOD 
Toe of embankment 30.51 mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_24555 HAGDMS designation   

Earthwork Height NB: N/A SB: 3.20 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 15° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 
1 Structure numbers in accordanc
HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 
 
 

 
 
 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King sheet pile retaining wall to facilitate the base for Gantry 305. 

Proposed Major Structures:   
MS4 Cantilever Gantry with CCTV (Gantry 305) proposed at chainage 187818 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
a cutting. However HAGDMS classifies this earthwork as an Embankment with a maximum 
height of 3.2m and a typical slope angle of 15 degrees. 

The critical cross section at chainage 187820 was based on the section with the greatest 
retained height. 
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Figure 2: Topographic Critical Cross Section Chainage 187820 

Utilities:  
There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Heamington Member (Silt & Gravel) 

Solid Deposits: Edwalton Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 
There are no historical exploratory holes recorded within the design chainage, however 3 no. 
relevant exploratory holes are considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000030, Rev P01. 
 

 
Figure 3: Borehole Location Plan 
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Flood Risk: 
The design flood level has been recorded as 30.95mAOD. Baseline flood levels were provided 
by BWB Consulting and are detailed within the Environmental Study Report by AMAR: 
Document Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1097  

 Borehole Chainage 188015  

 Borehole Location Southbound   

 National Grid Reference E 446777, N 330281  

 Ground Level at 
Exploratory Hole 

35.95mAOD  

 RAG Analysis Green  

 Date Drilled 19/10/2006  

 Termination Depth 14.22 metres below ground level (mbgl)  
 

Other suitable holes  NWHM1 & NWHM69  
 

 

 

  

 

 

 

Existing Ground Conditions: 
The following ground conditions are assumed based on previous GI data and driven LiDAR 
survey. 

 
 

Stratum 
Depth to 

Base 
(mbgl) 

Depth to 
Base 

(mAOD) 

SPT ‘N’ 
Value 

Range* 
Made Ground – Embankment 

Fill 6.60 29.35 12->150 
(12) 

Glaciofluvial Deposits 12.90 23.05 15-136 

Mercia Mudstone – III/IV >14.22 <21.73 83-130 
(1)  Ground level is assumed to be at carriageway level; 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may 

vary.  
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets 

 
 

 
In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory holes CP1097, 
NWHM1 & NWHM69. 
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Groundwater: 
No groundwater data is available for any of the boreholes mentioned above. 

Groundwater Design Level: 
No local groundwater data is available. Therefore a groundwater level of 30.95mAOD (flood 
level) has been assumed for WALLAP analysis of the king sheet pile. When checking the global 
stability check of the earthwork and king sheet pile (analysed using SLOPE W) an Ru value of 
0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
3 No Atterberg Limit Tests and 3 No Natural Moisture Content tests were undertaken within the 
Mercia Mudstone – III/IV, Alluvium and Made Ground - Embankment Fill with the following 
results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Made Ground – 
Embankment Fill 3.70 19 37 20 17 CI 

Alluvium 7.20 41 58 37 21 MH 
Mercia Mudstone 

– III/IV 13.50 34.18 39 31 8 MI 
 

Lab Test Data – BRE Classification: 
The chemical tests completed in the historical exploratory holes are summarised in the table 
below: 

 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 2 0.06-0.07 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 3 0.09-0.81 g/l SO4 

Embankment Fill pH Solid 4 

 

7.14-8.31 - 
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Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Validation 
Ground Investigation. 
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Made Ground – 
Embankment Fill 

0.00-
3.71 

33.71-
30.00 3.71 21 27 0 60 5.40 4.32 - 0.50 0.20 - 1.80 

0.68 
- 6.2* 

- DS-2 
AC-2 

Glaciofluvial Deposits 
(Coarse Grained) 

3.71-
10.71 

30.00-
23.00 7.00 21 38 - - - 19.20 - - 0.25 - 7.70 

- 
1.0 - 

50 DS-3 
AC-3 

Mercia Mudstone – 
III/IV 

>10.71 <23.00 - 21 30 2 50 10.80 8.60 - 0.50 0.20 - 3.60 
0.76 

- 9.0 
- DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 
(where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole CP1097. 
(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) A conservative SPT N value of 12 has been used for the Made Ground – Embankment Fill, combined with an f1 value of 5, give a Cu of 60kN/m2. 
(5) Eu for Made Ground – Embankment Fill can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 12 gives Eu = 5.4MN/m2. Using Wroth (1972) E’ can then be calculated using 

E’ = 2/3 (1 + v) Eu = 4.32MN/m2. 
(6) Adhesion Factor for Made Ground – Embankment Fill is based on BS8004 (equation 41). 
(7) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Glaciofluvial Deposits. 
(8) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Mercia Mudstone – III/IV  
(9) Shear modulus is based on G = E/2(1+v). 
(10) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 
(11) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(12) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 
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(13) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 
(14) BRE Classification is determined using criteria set out in BRE Special Digest 1. Due to the lack or reliable of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 

 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  
 

 

 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to the flood plain, this 
solution was not viable. A retaining wall is recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 
Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 
 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 
Pile Working 

Load (kN) 

4 

(2x2) 
750 9 2.25 10 235 434 
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FURTHER GROUND INVESTIGATION 
 
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

• BH-G305 at chainage 187818, Southbound – Dynamic Sample with Rotary Core 
Follow on to a scheduled depth of 14m bgl. 
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-187800_187890SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 187910-187930 

Carriageway Southbound 

Marker Post MP187/9B+10 – MP187/9B+30 

National Grid Reference E 446847, N 330192 – E 446836, N 330220 
Existing Ground Level at 
Location 

 Carriageway  35.30 mAOD 
Toe of embankment 29.70 mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_22186 HAGDMS designation   

Earthwork Height NB: N/A SB: 5.05 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 36° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 
 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
Earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 
 
 

 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King Sheet Pile Retaining Wall 
 

Proposed Major Structures:   
N/A 

 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment with a maximum height of 5.5m and with a typical slope angle of 36 degrees. 

The critical cross section at Ch.187920 is based on the section with the greatest retained height. 
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Figure 2: Topographic Critical Cross Section Chainage 187920 

Utilities:  
There are no known utilities in close proximity to the widening location. However the culvert 
(UB432) is situated approximately 30m to the south. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities Location Plan 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Heamington member (Silt & Gravel) 

Solid Deposits: Edwalton Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 
There are no historical exploratory holes recorded within the design chainage, however 2 no. 
relevant exploratory holes are considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000030, Rev P01. 
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Figure 3: Borehole Location Plan 

Flood Risk: 
The design flood level has been recorded as 30.96mAOD. Baseline flood levels were provided 
by BWB Consulting and are detailed within the Environmental Study Report by AMAR: 
Document Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1097  

 Borehole Chainage 188015  

 Borehole Location Southbound   

 National Grid Reference E 446777, N 330281  

 Ground Level at 
Exploratory Hole 

35.95mAOD  

 RAG Analysis Green  

 Date Drilled 19/10/2006  

 Termination Depth 14.22 metres below ground level (mbgl)  
 

Other suitable holes  NWHM69  
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Existing Ground Conditions: 
 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR Survey. 

 
 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Made Ground – Embankment Fill 6.60 29.35 12 - >150 (12) 

Glaciofluvial Deposits 12.90 23.05 15 - 112 

Mercia Mudstone – III/IV <14.22 >21.73 83 - 130 
(1) Ground level is assumed to be at carriageway level; 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary; 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory holes CP1097, 
NWHM69. 

Groundwater: 
No groundwater data is available for any of the boreholes mentioned above. 

Groundwater Design Level: 
No local groundwater data is available. Therefore a groundwater level of 30.96mAOD (flood 
level) has been assumed for WALLAP analysis of the king and intermediate sheet piles. When 
checking the global stability check of the earthwork and king and intermediate sheet piles 
(analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
3 No Atterberg Limit Tests and 3 No Natural Moisture Content tests were undertaken within the 
Mercia Mudstone – III/IV within SK42NE6 with the following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Made Ground – 
Embankment Fill 3.70 19 37 20 17 CI 

Alluvium 7.20 41 58 37 21 MH 
Mercia Mudstone 

– III/IV 13.50 34.00 39 31 8 MI 

 
 
 
 

Lab Test Data - Chemical: 
The chemical tests completed in the historical exploratory holes are summarised in the table 
below: 

 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 1 0.06-0.07 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 3 0.09-0.81 g/l SO4 

Embankment Fill pH Solid 4 

 

7.14-8.31 - 

 
 
 

  
 



  

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-187910_1879 
30SB-GSS-CE-000001 Page 7 of 19 

 UNCONTROLLED IF COPIED OR PRINTED 
 

Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Validation 
Ground Investigation. 
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Young’s Modulus (MN/m2) Poisson’s Ratio 

B
R

E 
C

la
ss

ifi
ca

tio
n 

Eu E’ E Vu ν’ ν 

Made Ground – Embankment 
Fill 

0.00-5.30 35.30-30.00 5.30 21 27 0 60 5.40 4.32 - 0.50 0.20 - 
DS-2 
AC-2 

Glaciofluvial Deposits 
(Coarse Grained) 

5.30-12.30 30.00-23.00 7.00 21 38 - - - 19.20 - - 0.25 - 
DS-3 
AC-3 

Mercia Mudstone – III/IV >12.30 <23.00 - 21 30 2 50 10.80 8.60 - 0.50 0.20 - 
DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 
(where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole CP1097. 
(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) A conservative SPT N value of 12 has been used for the Made Ground – Embankment Fill, combined with an f1 value of 5, give a Cu of 60kN/m2. 
(5) Eu for Made Ground – Embankment Fill can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 12 gives Eu = 5.4MN/m2. Using Wroth (1972) E’ can then be calculated using 

E’ = 2/3 (1 + v) Eu = 4.32MN/m2. 
(6) Adhesion Factor for Made Ground – Embankment Fill is based on BS8004 (equation 41). 
(7) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Glaciofluvial Deposits. 
(8) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Mercia Mudstone – III/IV  
(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. Due to the lack of reliable of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  
 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
Proposed Earthwork Widening Solution: 
Following design, the below widening solutions are proposed: 

Earthwork regrade was considered at this location, however due to a flood plain, this solution 
was not viable. A retaining wall is recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S 270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
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FURTHER GROUND INVESTIGATION 
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

• BH-R-FTPSB4_200y at chainage 187923, Southbound -  Dynamic Sample with a 
Rotary Core Follow on to a scheduled depth of 13.0mbgl 
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PLOTS 
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-188100_187890SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 188100-188130 

Carriageway Southbound 

Marker Post MP188/1B+00 – MP188/1B+30 

National Grid Reference E 446788, N 330374 – E 446778, N 330401 
Existing Ground Level at 
Location 

Carriageway  37.70 mAOD 
Toe of embankment 30.25 mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_22191 HAGDMS designation   

Earthwork Height NB: N/A SB: 6.90 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 23° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 
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Approved 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 

 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King Sheet  Pile Retaining Wall 

. 

Proposed Major Structures:   
N/A. 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment with a maximum height of 6.9m and a typical slope angle of 23 degrees. 

The critical cross section at chainage 188120 is based on the section with the greatest retained 
height. 
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Figure 2: Topographic Critical Cross Section Chainage 188120 

Utilities:  
There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member (Silt & Gravel) 

Solid Deposits: Edwalton Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 
There are 2 No. historical exploratory holes recorded within the design chainage, with additional 
1 no. relevant exploratory holes considered as shown on Geological Long Section, Drawing No. 
HA549342-AMAR-HGT-SWI-DR-CE-000030, Rev P01. 

Figure 3: Borehole Location Plan 
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Flood Risk: 
The design flood level has been recorded as 31.00mAOD. Baseline flood levels were provided 
by BWB Consulting and are detailed within the Environmental Study Report by AMAR: 
Document Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Closest Borehole 
Number 

SK43SE139  

 Borehole Chainage 188100  

 Borehole Location Southbound   

 National Grid Reference E 446709, N 330376  

 Ground Level at 
Exploratory Hole 

30.90mAOD  

 RAG Analysis Amber  

 Date Drilled 09/08/1990  

 Termination Depth 3.00 metres below ground level (mbgl)  
 

Other suitable holes  NWHM69 & SK43SE150 
 

 

 

Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Made Ground – Embankment Fill 8.35 29.35 12-23 

Glaciofluvial Deposits 14.67 23.05 15-71 

Mercia Mudstone – III/IV <15.97 >21.73 16->150 
(1) Ground level is assumed to be at  carriageway level; 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary; 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 
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In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory holes SK43SE150, 
NWHM69. 

Groundwater: 
No groundwater data is available for any of the boreholes mentioned above. 

Groundwater Design Level: 
No local groundwater data is available. Therefore a groundwater level of 31.00mAOD (flood 
level) has been assumed for WALLAP analysis of the sheet pile. When checking the global 
stability check of the earthwork and king and intermediate sheet pile (analysed using SLOPE W) 
an Ru value of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
No geotechnical lab testing data is available for this area. 
 

Lab Test Data - Chemical: 
1No pH test was undertaken within the Made Ground in borehole NWHM69 with the following 
result. 

 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill pH Solid 1 8.40 - 
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Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that the embankment is constructed of cohesive fill.  The below table outline the assumed anticipated ground 
model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Made Ground – Embankment Fill 0.00-7.30 37.70-30.40 5.30 21 27 0 60 5.40 4.32 - 0.50 0.20 - 
DS-2 
AC-2 

Glaciofluvial Deposits (Coarse Grained) 7.30-14.20 30.40-23.50 7.00 21 38 - - - 19.20 - - 0.25 - 
DS-3 
AC-3 

Mercia Mudstone – III/IV >14.20 <23.50 - 21 30 2 50 10.80 8.60 - 0.50 0.20 - 
DS-2 
AC-2 

 
(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 

data (where data was available) for the proposed location only. 
(2) Stratum types and depths are derived from data recorded on historical borehole CP1097. 
(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) A conservative SPT N value of 12 has been used for the Made Ground – Embankment Fill, combined with an f1 value of 5. 
(5) Eu for Made Ground – Embankment Fill can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 12 gives Eu = 5.4MN/m2. Using Wroth (1972) E’ can then be calculated 

using E’ = 2/3 (1 + v) Eu = 4.32MN/m2. 
(6) Adhesion Factor for Made Ground – Embankment Fill is based on BS8004 (equation 41). 
(7) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Glaciofluvial Deposits. 
(8) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Mercia Mudstone – III/IV  
(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 
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: 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to the flood plain, this 
solution was not viable. A retaining wall is recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-187910_187930SB-GSS-CE-000001 Page 11 of 17 
 UNCONTROLLED IF COPIED OR PRINTED 

 

FURTHER GROUND INVESTIGATION 
No further ground investigation is proposed at this location. 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-188230-188400SB-GSS-000001 

Earthwork Widening 
Solution 

Full Height Embankment Widening 1:2.0 & Granular Wedge at 
Embankment Crest 1:2.0 

Structure  N/A 

Structure Chainage N/A 

Design Chainage 188230-188400 

Carriageway Southbound 

Marker Post MP188/2B+30 – MP188/4B+00 

National Grid Reference E 447674, N 330500 – E 446689, N 330658 

Existing Ground Level 
at Location 

Carriageway 38.6mAOD 

Toe of Embankment 31.2mAOD 

Earthwork Type NB: N/A SB: Cutting HAGDMS designation  

Earthwork Number NB: N/A 
SB: 7_M1_22191 & 
7_M1_21871 

HAGDMS designation   

Earthwork Height NB: N/A SB: 7.4m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 27°  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this earthwork. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 

Figure 1: Location Plan 

 

Proposed Widening:   

To accommodate earthworks widening for this location, the following solutions have been proposed: 

 188230-188250 – Full Height Embankment Widneing 1:2.0 

 188380-188400 – Granular Wedge at Embankment Crest 1:2.0 

Proposed Major Structures: 

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as an 
embankment ranging in height from 6.5m to 7.4m with a typical slope angle of 26-27 degrees. 

Two critical sections were used to complete design for the widening solutions proposed above. The 
critical cross section with the greatest earthwork height is used at Ch188840 for the full height 
widening and Ch188400 for the Granular Wedge at Embankment Crest (1:2.0). 
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188230-188250 – Full Height Embankment Widening 1:2.0 

 

 Figure 2.1: Topographic Critical Cross Section Chainage 188840 

188380-188400 – Granular Wedge at Embankment Crest 1:2.0 

 

 

Figure 2.2: Topographic Critical Cross Section Chainage 188400 

Utilities:  

Western Power High Voltage and Low Voltage cables located at the underbridge UB434. See 
Figure 3 for details: 
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Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member - Silt And Gravel 

Solid Deposits: Edwalton Member – Mudstone  

Ground Investigation: 

There are 7 No. historical exploratory holes recorded within the design chainage, with additional 3 
no. relevant exploratory holes considered outside the design chainage, as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000030, Rev P01. 

Figure 4: Borehole Location Plan  
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Flood Risk: 

The earthworks are located within a flood risk zone. The flood risk levels are presented below: 

 188230-188250 – Flood Level is 31.01mAOD 

 188380-188400 -  Flood Level is 31.04mAOD 

Baseline flood levels were provided by BWB Consulting and are detailed within the Environmental 
Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK43SE143 SK43SE85 CP1098  

 Borehole Chainage 188251 188293 188334  

 Borehole Location Southbound Southbound Northbound  

 National Grid 
Reference 

E 446698, N 330504 E 446738, N 
330561 

E 447675, N 
330583 

 

 RAG Analysis Green Amber Green  

 Ground Level at 
Exploratory Hole 

31.00mAOD 31.19mAOD 38.05mAOD  

 Date Drilled 09/09/1990 – 
10/09/1990  

21/04/1988 – 
28/04/1988 

20/10/2006 – 
23/10/2006 

 

 Termination Depth 8.45 metres below 
ground level (mbgl) 

30.05 metres 
below ground 
level (mbgl) 

15.19 metres below 
ground level (mbgl) 

 

 

Other suitable 
holes  

SK43SE8, SK43SE86, SK43SE137, SK43SE138 SK43SE145, 
SK43SE146 and SK43SE147 

 

 

 

 

 

 

 

 

Existing Ground Conditions: 

 

 

The following ground conditions are assumed based on previous GI data.  
 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Embankment Fill 8.10 30.50 19-41 (19) 

Glaciofluvial Deposits (coarse 
grained) 

14.60 24.00 7-130 (28) 

Mercia Mudstone – III-IV  >14.60 <24.0 94->150(94) 

(1) Ground level is assumed to be at the carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Mercia Mudstone-I/II was encountered in the borehole logs, however given the uncertainties on ground conditions, only Mercia Mudstone –III/IV 

has been used in the ground model for a conservative design. 
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In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in exploratory holes CP1098, 
SK43SE143, SK43SE8, SK43SE85,  SK43SE145, SK43SE146, SK43SE147 and SK43SE86 

Groundwater: 

Groundwater strike are presented in the table below: 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

SK43SE85 Glaciofluvial 
Deposits 

2.10 29.09 - - - 

SK43SE143 Glaciofluvial 
Deposits 

2.20 28.80 - - - 

SK43SE8 Glaciofluvial 
Deposits  

1.37 29.23 - 0.15 30.45 

SK43SE86 Glaciofluvial 
Deposits  

1.70 29.40 - 1.40 29.70 

SK43SE137 Glaciofluvial 
Deposits 

2.00 28.40 - - - 

SK43SE138 Glaciofluvial 
Deposits 

2.30 28.3 - - - 

SK43SE146 Mercia 
Mudstone 

11.50 19.70 - - - 

SK43SE146 Mercia 
Mudstone 

14.85 16.35    

Groundwater Design Level: 

A design groundwater level at the Flood Risk Level has been assumed within the embankment as 
presented below, with the piezometric line drawing down to ground level at the toe of the 
embankment. 

 188230-188250 – Flood Level is 31.01mAOD 

 188380-188400 -  Flood Level is 31.04mAOD 

 

GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

5 No Atterberg limit tests, 5 No. Moisture Content Tests and 1 quick undrained triaxial test was 
completed, with the results presented in the table below: 

Stratum 
Depth to Top 
of Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment 

Fill 
3.70 14 26 12 14 CL 

Embankment 

Fill 
5.70 12 27 10 17 CL 

Embankment 

Fill 
7.50 15 28 14 14 CL 

Glaciofluvial 

Deposits 
8.80 18 21 16 5 ML 

Mercia 

Mudstone 
150 24 37 36 11 ML 
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1 No. quick undrained triaxial test was completed within the Embankment Fill with the following 
results: 

 

 

 

 

Stratum 
Depth to Top of 

Test (mbgl) 
Undrained Shear 
Strength (kN/m

2
) 

Embankment Fill 3.20 73.0 

Lab Test Data - BRE Classification: 

No chemical laboratory testing data is available between 188230 and 188400. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 
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Eu E’ E Vu ν’ ν 

Embankment Fill 00.00-8.10 38.60-30.50 8.10 21 27 0 100 7.5 6.0 - 0.5 0.2 - 

DS-2 

AC-2 

Glaciofluvial 

Deposits (coarse 

grained) 

8.10-14.60 30.50-24.00  6.50 21 35 - - - 40.8 - - 0.25 - 

DS-3 

AC-3 

Mercia Mudstone 

III/IV >10.0mbgl 
>14.60 <24.00 6.5 21 30 2 200 30 24 - 0.5 0.2 - 

DS-2 

AC-2 

  

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 

(4) ϕ' of Embankment Fill was based on PI value from Table 2 (BS8002:2015). For an average PI value of 14, ϕ' is 27
0
. 

(5) Cu of Embankment Fill was derived using the Stroud correlation. A typical PI of 14% gives an f1 value of 7.0, combined with a typical SPT ‘N’ value of 19, this gives a typical cu of 133kN/m
2
. The cu values from triaxial test was 

73.2kN/m
2
. A typical cu value of 100kN/m

2
 was considered suitable as a conservative measure due to the lack of other sets of data. 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 19, Eu = 7.5MN/m
2
. Therefore E’ = .6MN/m

2
. 

(7) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using correlation with SPT ‘N’ values (Peck 1974). Using a typical ‘N’ value of 28 gives an angle of 35°. 

(8) E’ of Glaciofluvial Deposits (coarse grained) was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 28) gives a value of 40.8MN/m
2
. 

(9) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. In the absence of sufficient PI data, the typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) was adopted; combined with a typical SPT ‘N’ value of 
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94, this gives a cu of 470kN/m
2
. This value exceeds the range given in the AMAR GIR; therefore the upper bound of the range was adopted. 

(10) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 94, Eu = 30.0MN/m
2
. Therefore E’ = 

24MN/m
2
. 

(11) Geotechnical parameters for the Mercia Mudstone I/II is based on values derived in the AMAR GIR. 

(12) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 

 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5 : Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

188230 188250 
Full Height Embankment 

Widening (1:2.0) 

6.2 26.6 (1V:2H) 

188380 188400 
Granular Wedge at 

Embankment Crest (1:2.0) 

4.0 26.6 (1V:2H) 

 

Proposed Structural Solution: 

N/A 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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No further ground investigation has been proposed at this location. 

 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-188410_188550SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number E3-B1 

Structure Type Emergency Refuge Area (ERA) 

Design Chainage 188410-188550 

Carriageway Southbound 

Marker Post MP188/4B+10 – MP188/5B+50 

National Grid Reference E 446693, N 330671 – E 446649, N 330799 
Existing Ground Level at 
Location 

Carriageway  38.70 mAOD 
Toe of embankment 29.86mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_21871 HAGDMS designation   

Earthwork Height NB: N/A SB: 8.84 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 24° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 
1 Structure numbers in accordan
HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 

 
 
Figure 1: Location Plan 
 

Proposed Earthworks Widening:   
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King Sheet Pile Retaining Wall 
 

Proposed Major Structures:   
N/A 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment. The embankment has a height of 7.0-8.4m and a typical slope gradient of 24°. 

The critical sections at chainages 188460 and 188500 are based on section with the greatest 
retained heights.  
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Figure 2a: Topographic Critical Cross Section Chainage 188460 

 
Figure 2b: Topographic Critical Cross Section Chainage 188500 

Utilities:  
There are no known existing utilities within the vicinity of the chainage extents 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member (Silt & Gravel) 

Solid Deposits: Edwalton Member (Mercia Mudstone Group), Mudstone 
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Ground Investigation: 
There are 3 No. historical exploratory holes recorded within the design chainage, with additional 
1 no. relevant exploratory holes considered as shown on Geological Long Section, Drawing No. 
HA549342-AMAR-HGT-SWI-DR-CE-000031, Rev P01..  

 
Figure 3: Borehole Location Plan 

Flood Risk: 
The design flood level is at 31.05mAOD. Baseline flood levels were provided by BWB 
Consulting and are detailed within the Environmental Study Report by AMAR: Document Ref 
HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1099  

 Borehole Chainage 188539  

 Borehole Location Northbound   

 National Grid Reference E 446611, N 330778  

 Ground Level at 
Exploratory Hole 

38.60mAOD  

 RAG Analysis Green  

 Date Drilled 24/10/2006  
 

Other suitable holes  CP1098, SK43SE8, SK43SE9 & SK43SE12 
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Existing Ground Conditions: 
 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Made Ground – Embankment Fill 9.10 29.50 12-32 (12) 

River Terrace Deposits 16.60 22.00 38-83 (38) 

Glaciofluvial Deposits 19.79 18.81 15-130 (15) 

Mercia Mudstone – III/IV >22.84 <15.76 29->150 
(1)  Ground level is assumed to be at carriageway level; 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory holes CP1098, 
CP1099, SK43SE8, SK43SE9 and SK43SE12. 

Groundwater: 
No reliable groundwater data is available for any of the boreholes mentioned above. 

Groundwater Design Level: 
No local groundwater data is available. Therefore a groundwater level of 31.05mAOD (flood 
level) has been assumed for WALLAP analysis of the king and intermediate sheet pile. When 
checking the global stability check of the earthwork and king and intermediate sheet pile 
(analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
8 No. Atterberg Limit Tests and 8 No. Natural Moisture Content tests were undertaken within the 
Mercia Mudstone – III/IV within SK42NE6 with the following results: 

Stratum Depth to Top of 
Test (mAOD) 

Natural 
Moisture 

Content (%) 
Liquid 

Limit (%) 
Plastic 

Limit (%) 
Plasticity 
Index (%) 

Plasticity 
Class 

Made Ground – 
Embankment Fill 4.20 9 25 12 13 CL 

Made Ground – 
Embankment Fill 3.70 14 26 12 14 CL 

Made Ground – 
Embankment Fill 5.70 12 27 10 17 CL 

Made Ground – 
Embankment Fill 7.70 6 25 12 13 CL 

Made Ground – 
Embankment Fill 7.50 15 28 14 14 CL 

Glaciofluvial 
Deposits (coarse 

grained) 
8.80 18 21 16 5 ML 

Mercia Mudstone 
– III/IV 15.00 24.06 37 26 11 MI 

Mercia Mudstone 
– III/IV 18.40 15.34 29 20 9 CL 

(1) 1 No. Atterberg Limit Test was undertaken within the fine grained elements of the Glaciofluvial Deposits (coarse grained). This sample 
was not considered to be representative of the stratum as a whole, therefore it has not been used to derive geotechnical parameters. 

 

Lab Test Data – BRE Classification: 
The relevant chemical tests are presented in the table below: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 2 0.04-0.37 g/l SO4 

Embankment Fill pH Solid 2 8.20-8.5 - 
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Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. The below table outlines the assumed anticipated ground model; strata type and 
depth will need to be confirmed with ‘Just In Time’ Validation Ground Investigation. 

Ground Model – 188410-188500 
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Young’s Modulus 
(MN/m2) Poisson’s Ratio 

B
R

E 
C
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ss
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Eu E’ E Vu ν’ ν 

Made Ground – Embankment Fill 0.00-8.90 38.70-29.80 8.90 21 27 0 72 5.40 4.32 - 0.50 0.20 - 
DS-2 
AC-2 

River Terrace Deposits 8.90-11.00 29.80-27.70 2.10 20 38 - - - 52.80 - - 0.35 - 
DS-3 
AC-3 

Glaciofluvial Deposits (Coarse 
Grained) 

11.00-
17.30 

27.70-21.40 6.30 21 38 - - - 25.20 - - 0.25 - 
DS-3 
AC-3 

Mercia Mudstone – III/IV >17.30 <21.40 - 21 30 2 50 10.80 8.60 - 0.50 0.20 - 
DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Stratum types and depths are derived from data recorded on historical borehole CP1097. 
(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) A conservative SPT N value of 12 has been used for the Made Ground – Embankment Fill, combined with an f1 value of 6. 
(5) Eu for Made Ground – Embankment Fill can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 12 gives Eu = 5.4MN/m2. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 

(1 + v) Eu = 4.32MN/m2. 
(6) E’ for River Terrace Deposits can be derived using N values (Bowles) where E’ = 1200 (N+6); using a conservative N value of 38 gives E’ = 52.8MN/m2.  
(7) E’ for Glaciofluvial Deposits can be derived using N values (Bowles) where E’ = 1200 (N+6); using a conservative N value of 15 gives E’ = 25.2MN/m2.  
(8) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Mercia Mudstone – III/IV  
(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 
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Ground Model – 188500-188550 
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(MN/m2) Poisson’s Ratio 

B
R

E 
C
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Eu E’ E Vu ν’ ν 

Made Ground – Embankment Fill 0.00-8.65 38.55-29.90 8.65 21 27 0 72 5.40 4.32  0.50 0.20 - 
DS-2 
AC-2 

River Terrace Deposits 8.65-14.55 29.90-24.00 5.90 20 38 - - - 52.80  - 0.35 - 
DS-3 
AC-3 

Glaciofluvial Deposits (Coarse 
Grained) 

14.55-
20.05 

24.00-18.50 5.50 21 38 - - - 25.20  - 0.25 - 
DS-3 
AC-3 

Mercia Mudstone – III/IV >20.05 <18.50 - 21 30 2 50 10.80 8.60  0.50 0.20 - 
DS-2 
AC-2 

 
(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 
(2) Stratum types and depths are derived from data recorded on historical borehole CP1097. 
(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) A conservative SPT N value of 12 has been used for the Made Ground – Embankment Fill, combined with an f1 value of 6. 
(5) Eu for Made Ground – Embankment Fill can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 12 gives Eu = 5.4MN/m2. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 

(1 + v) Eu = 4.32MN/m2. 
(6) E’ for River Terrace Deposits can be derived using N values (Bowles) where E’ = 1200 (N+6); using a conservative N value of 38 gives E’ = 52.8MN/m2.  
(7) E’ for Glaciofluvial Deposits can be derived using N values (Bowles) where E’ = 1200 (N+6); using a conservative N value of 15 gives E’ = 25.2MN/m2.  
(8) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Mercia Mudstone – III/IV. 
(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  
 

 

 

 

 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to the flood plain, this 
solution was not viable. A retaining wall is recommended as the earthwork widening solution: 
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188410 188500 
AZ-46  

S 390 GP 
2.7 8.3 11.0 89 83 46.0 192.3 

188500 188550 
AZ-24  

S 390 GP 
2.0 6.0 8.0 82 70 29.0 52.6 

 
Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
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FURTHER GROUND INVESTIGATION 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

• BH – E3-B1.1 at chainage 188425, southbound, dynamic sample with rotary follow to 
14m bgl. 

• BH – E3-B1.2 at chainage 188525, Southbound, dynamic sample with rotary follow to 
11m bgl.  
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-188100_187890SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number Gantry 308 

Structure Type ADS Cantilever 

Design Chainage 188750-188770 

Carriageway Southbound 

Marker Post MP188/7B+7500 – MP188/7B+70 

National Grid Reference E 446588, N 330992 – E 446578, N 331008 
Existing Ground Level at 
Location 

Carriageway 36.26 mAOD 
Toe of embankment 30.01 mOAD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_54261 HAGDMS designation   

Earthwork Height NB: N/A SB: 6.25m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 18° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 
1 Structure numbers in accordan
HA549342-AMAR-HML-MLC-DR
 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this structure. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 

 
 
Figure 1: Location Plan 
 

Proposed Earthworks Widening:   
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King Sheet Pile Retaining wall is required at this location as there is insufficient space to 
allow for an earthworks regrade without encroaching onto the flood plain. 
 

Proposed Major Structures:   
A new ADS Cantilever Gantry (Gantry 308) proposed at chainage 188760. 
 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment of 5.8-5.9m height with a typical slope gradient of 25°. 

The critical cross sections (i.e. the cross section with the greatest retained height) used is 
Ch188760. 
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Figure 2: Topographic Critical Cross Section Chainage 188760 

Utilities:  
High voltage overhead power cables (Western Power) cross the motorway approximately 20m 
south of this location. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities Location Plan 
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Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Alluvium (Clay, Silt, Sand & Gravel) 

Solid Deposits: Edwalton Member (Mercia Mudstone Group), Mudstone 

Ground Investigation: 
There is 1 No. historical exploratory holes recorded within the design chainage, with additional 2 
no. relevant exploratory holes considered outside design chainage; as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000031, Rev P01. 

Figure 3: Borehole Location Plan  

Flood Risk: 
The design flood level has been recorded as 32.20mAOD.  

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04 

Historical Boreholes: 

 Relevant Borehole 
Number 

CP1100  

 Borehole Chainage 188760  

 Borehole Location Northbound   

 National Grid 
Reference 

E 446543, N 330990  

 Ground Level at 
Exploratory Hole 

36.25mAOD  
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 RAG Analysis Green  

 Date Drilled 26/10/2006  

 Termination Depth 14.70 metres below ground level (mbgl)  
 

Other suitable holes  SK43SE12 & NWHM68 
 

 

 

Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Made Ground – Embankment Fill 5.60 30.65 19->150 (19) 

River Terrace Deposits 12.80 23.45 25->150 (25) 

Glaciofluvial Deposits (Coarse 
Grained) >14.70 <21.55 >150 

(1) Ground level is assumed to be at carriageway level; 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory holes CP1100, 
NWHM68 & SK43SE12. 

Groundwater: 
No groundwater data is available for any of the boreholes mentioned above. 

Groundwater Design Level: 
No local groundwater data is available. Therefore a groundwater level of 32.20mAOD (flood 
level) has been assumed for WALLAP analysis of the king and intermediate sheet pile. When 
checking the global stability check of the earthwork and king and intermediate sheet pile 
(analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
3 No Atterberg Limit Tests and 5 No Natural Moisture Content tests were undertaken within the 
Made Ground embankment Fill and the Glaciofluvial Deposits within CP1100 & NWHM68 with 
the following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 3.70 10.25 31.00 16.00 15.00 CL 
River Terrace 

Deposits 5.60 3.35 - NP - - 

Glaciofluvial 
Deposits (Coarse 

Grained) 
12.00 5.90 - - - - 

Glaciofluvial 
Deposits (Coarse 

Grained) 
13.40 9.37 29.00 14.00 15.00 CL 

Glaciofluvial 
Deposits (Coarse 

Grained) 
14.20 12.00 20.00 15.00 5.00 ML 

 
 
 
 
 
 

Lab Test Data - Chemical: 
1 No water soluble sulphate test, 2 No chloride tests, 1 No nitrate test and 2 No pH tests were 
undertaken within the Made Ground in boreholes CP1100 and NWHM68. 

 

 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 1 0.06 %SO4 
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Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Ground 
Investigation. 
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Made Ground – 
Embankment Fill 

0.00-
5.61 

36.26-
30.65 5.61 21 27 0 114 7.50 6.00 - 0.50 0.20 - 2.50 0.40 - 6.2* - 

DS-2 
AC-2 

River Terrace 
Deposits 

5.61-
12.81 

30.65-
23.45 7.20 20 38 - - - 37.20 - - 0.35 - 13.80 - 1.0 - 50 

DS-3 
AC-3 

Glaciofluvial 
Deposits (Coarse 

Grained) 

12.81-
15.66 

23-45-
20.60 2.85 21 38 - - - 19.20 - - 0.25 - 7.70 - 1.0 - 50 

DS-3 
AC-3 

Mercia Mudstone 
– III/IV 

>15.66 <20.60 - 21 30 2 50 10.80 8.60 - 0.50 0.20 - 3.60 0.76 - 9.0 - 
DS-2 
AC-2 

 
(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 

(where data was available) for the proposed location only. 
(2) Stratum types and depths are derived from data recorded on historical borehole CP1097. 
(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) A conservative SPT N value of 19 has been used for the Made Ground – Embankment Fill, combined with an f1 value of 6. 



  

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-188750_1887700SB-GSS-CE-000001 Page 8 of 21 
 UNCONTROLLED IF COPIED OR PRINTED 

 

(5) Eu for Made Ground – Embankment Fill can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 19 gives Eu = 7.5MN/m2. Using Wroth (1972) E’ can then be calculated 
using E’ = 2/3 (1 + v) Eu = 6.00MN/m2. 

(6) Adhesion Factor for Made Ground – Embankment Fill is based on BS8004 (equation 41). 
(7) E’ for River Terrace Deposits can be derived using N values (Bowles) where E’ = 1200 (N+6); using a conservative N value of 25 gives E’ = 37.2MN/m2.  
(8) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Glaciofluvial Deposits.  
(9) Due to lack of near-by reliable GI data, parameters derived from the AMAR GIR have been used for the Mercia Mudstone – III/IV  
(10) Shear modulus is based on G = E/2(1+v). 
(11) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 
(12) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(13) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 
(14) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 
(15) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata, the classification used for the strata in the AMAR GIR was adopted. 

 

 
 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to the flood plain, this 
solution was not viable. A retaining wall is recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 2.5m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 
Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 
 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 
Pile Working 

Load (kN) 

4 

(2x2) 
900 26 2.70 13 413 1214 
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FURTHER GROUND INVESTIGATION 
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

• BG-G308 at chainage 188760, southbound, dynamic sample with rotary follow to 
31m bgl. 
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LOGS 
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PLOTS 
 

 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-188750_1887700SB-GSS-CE-000001 Page 19 of 21 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-188750_1887700SB-GSS-CE-000001 Page 20 of 21 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-188750_1887700SB-GSS-CE-000001 Page 21 of 21 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-188940-188960SB-GSS-CE-000001 Page 1 of 21 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 
Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-188940-188960SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number Gantry 309 

Structure Type MS3 Cantilever  

Design Chainage 188940 - 188960 

Carriageway Southbound 

Marker Post MP188/9B+40 – MP188/9B+60 

National Grid Reference E 446535, N 331172 – E 446533, N 331192 
Existing Ground Level at 
Location 

Carriageway  34.4mAOD 
Toe of embankment 29.9mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_54261 HAGDMS designation   

Earthwork Height NB: N/A SB: 4.5m From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 19° From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

1 Structure numbers in accord
AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

 
 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 
 
 
 

 
 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King Sheet Pile Retaining Wall. 

Proposed Structures: 
A new MS3 Cantilever Gantry (Gantry 309) has been proposed at chainage 188947.. 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the earthwork at the location is classified as an 
embankment of 4.4-4.5m height and a typical slope angle of 19°. 

The critical cross section design of the retaining wall was at Ch188950 and is based on the 
section with the greatest retained height. 
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Figure 2: Topographic Critical Cross Section Ch188950 

Utilities:  
A Western Power Overhead Mid Voltage cable is recorded at the crest of the embankment on the 
STATs plan for this location (Drawing No. HA549342-AMAR-VUT-MLC-DR-CU-000007, Rev 
P01). 

 

Figure 3 – Utilities Location Plan 

 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-188940-188960SB-GSS-CE-000001 Page 4 of 21 
 UNCONTROLLED IF COPIED OR PRINTED 

 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Alluvium 

Solid Deposits: Edwalton Member (Mercia Mudstone Group) 

Ground Investigation: 
There are 2 No. historical exploratory holes recorded within the design chainage, with additional 1 
no. relevant exploratory holes considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000031 Rev P01. 
 

 
Figure 3: Borehole Location Plan  

Flood Risk: 
The design flood level has been recorded as 32.20mAOD. Baseline flood levels were provided by 
BWB Consulting and are detailed within the Environmental Study Report by AMAR: Document 
Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK43SE13  

 Borehole Chainage 188970  

 Borehole Location Southbound  

 National Grid E 446520, N 331200  
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Reference 

 Ground Level at 
Exploratory Hole 

29.80AOD  

 RAG Analysis Amber  

 Date Drilled 09/02/1962 – 14/02/1962  

 Termination Depth 15.24 metres below ground level (mbgl)  
 

Other suitable holes  CP1101 and NWHM68 
 

 

 

Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum Depth to Base 
(mbgl+) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Embankment Fill 4.5 29.9 19-150 (30) 

River Terrace Deposits 8.3 26.1 13-79 (40) 

Glaciofluvial Deposits (fine grained) 12.8 21.6 38-150 (38) 

Mercia Mudstone – III/IV Not proven Not proven Not recorded 
(1) Ground level is assumed to be at carriageway level; 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets 

 
In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
CP1101, SK43SE13 and NWHM68. 

Groundwater: 
The following groundwater strikes were recorded in the historical exploratory holes: 

 

 

 

 

 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 
m bgl m AOD Time m bgl m AOD 

NWHM68 River Terrace 
Deposits 

6.30 29.00 - - - 

SK43SE13 River Terrace 
Deposits 

1.52 28.30 20 mins 1.52 28.30 
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Groundwater Design Level: 
Limited local groundwater data is available. Therefore a groundwater level of 32.20mAOD (flood 
level) has been assumed for WALLAP analysis of the king and intermediate sheet pile. When 
checking the global stability check of the earthwork and king and intermediate sheet pile 
(analysed using SLOPE W) a Ru value of 0.2 for has been used for all strata.  
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
3 No. Atterberg Limit Tests and 3 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results: 

Stratum Depth to Top 
of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment 
Fill 

1.7 13 25 12 13 CL 

Embankment 
Fill 

3.7 9 25 11 14 CL 

Glaciofluvial 
Deposits (fine 

grained) 
13.3 20 23 21 12 CL 

 
1 No. undrained triaxial test was undertaken within the embankment fill with the following results: 
 

Stratum Depth to Top of 
Test (mbgl) 

Undrained Shear 
Strength (kN/m2) 

Embankment Fill 6.1 64 
 
 

Lab Test Data – BRE Classification: 
The following pH testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 1 0.06 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 1 0.03 g/l SO4 

Embankment Fill pH Solid 1 8.4 - 

Embankment Fill pH Water 1 8.6  
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Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000031 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outlines the assumed anticipated ground model, to be confirmed by ‘Just in Time’ validation Ground 
Investigation: 
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Embankment Fill 0.0-4.5 34.4-29.9 4.5 21 27 0 150 10.8 8.6 - 0.50 0.20  6.20 0.40 - 6.2* - 
DS-2 
AC-2 

River Terrace Deposits 4.5-8.3 29.9-26.1 3.8 20 38 - - - 55.2 - - 0.35  20.44 - 1.0 - 50 
DS-3 
AC-3 

 

Glaciofluvial Deposits 
(fine grained) 

8.3-
12.8 

26.1-21.6 4.5 21 26 0 190 13.2 10.6 - 0.50 0.20  4.42 0.40 - 9.0 - 
DS-3 
AC-3 

Mercia Mudstone – III/IV >12.8 <21.6 - 21 30 2 150 16.8 13.4 - 0.50 0.20  5.60 0.40 - 9.0 - 
DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(3) Given the insufficient amount of local PI data for Embankment Fill, the characteristic ϕ' given in the AMAR GIR was adopted. 
(4) A typical SPT ‘N’ value of 30 was used for Embankment Fill, combined with a typical f1 value of 5.0 (for Mercia Mudstone after CIRIA C570, given the lack of local PI data and that the material comprises reworked Mercia 

Mudstone), using the Stroud correlation gives a cu of 150kN/m2. 
(5) Eu for Embankment Fill was derived using SPT ‘N’ values (Bowles) where Eu = 300 (N+6); using a characteristic SPT ‘N’ value of 30 gives Eu = 10.8MN/m2. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) 

Eu = 8.6MN/m2. 
(6) ϕ' of River Terrace Deposits was determined using correlation with SPT ‘N’ values (Peck 1974). Using a characteristic SPT ‘N’ value of 40 gives an angle of 38°. 
(7) E’ for River Terrace Deposits was derived using SPT ‘N’ values (Bowles) where E’ = 1200 (N+6); using a characteristic SPT ‘N’ value of 40 gives E’ = 55.2MN/m2.  
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(8) Given the insufficient amount of local PI data for Glaciofluvial Deposits (fine grained), the characteristic ϕ' given in the AMAR GIR was adopted. 
(9) A characteristic SPT ‘N’ value of 38 was used for the Glaciofluvial Deposits (fine grained), combined with an assumed f1 value of 5.0, using the Stroud correlation gives a cu of 190kN/m2. 
(10) Eu for Glaciofluvial Deposits (fine grained) was derived using SPT ‘N’ values (after Bowles) where Eu = 300 (N+6); using a characteristic SPT ‘N’ value of 38 gives Eu = 13.2MN/m2. Using Wroth (1972) E’ can then be 

calculated using E’ = 2/3 (1 + v) Eu = 10.6MN/m2. 
(11) Due to lack of local GI data, parameters derived from the AMAR GIR have been used for the Mercia Mudstone – III/IV. 
(12) Shear modulus is based on G = E/2(1+v). 
(13) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 
(14) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(15) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 
(16) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 
(17) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for River Terrace Deposits, Glaciofluvial Deposits and Mercia Mudstone, the classification used for the strata in 

the AMAR GIR was adopted. 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  
 

 

 
 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to flood plain, this solution 
was not viable. A retaining wall is recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 
Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 
Pile Working 

Load (kN) 

4 

(2x2) 
750 12.0 2.25 10 146 396 

 
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
: 

• BH-G309 at chaiange 188947, 17m deep dynamic sample hole with rotary core 
follow on, to be located in southbound verge. 

 
 
  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 188940-188960SB
Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1101, SK43SE13, NWHM68
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-189160-189170SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number Gantry 310 

Structure Type MS4 Cantilever Gantry 

Design Chainage 189160-189170 

Carriageway Southbound 

Marker Post 189/1B+60 – 189/1B+70 

National Grid Reference E 446509, N 331388 – E 446508, N 331400 

Existing Ground Level Carriageway  34.27mAOD 
Toe of Embankment 29.97mAOD 

Earthwork Type NB: N/A SB: Embankment HAGDMS designation  

Earthwork Number NB: N/A  SB: 7_M1_21157 HAGDMS designation   

Earthwork Height NB: N/A SB: 4.3m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 22° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 
1 Structure numbers in accordanc
HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

 

 

 

 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening:   
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King sheet pile retaining wall 

Proposed Major Structure:  
New proposed MS4 Cantilever Gantry (Gantry 310) proposed at chainage 189160. 

 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment. The embankment ranges from approximately 4.1-4.3m in height and has a 
typical slope angle of 22°. 

The critical cross section at chaiange 189160 is based on the section with the greatest 
earthwork height. 
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Figure 2: Topographic Critical Cross Section Ch189160 

Utilities:  
There are no known utilities within the vicinity of the chainage extents. 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Alluvium (Clay, Silt, Sand and Gravel) 

Solid Deposits: Edwalton Member, Mercia Mudstone Group (Mudstone) 

Ground Investigation: 
There are no historical exploratory holes recorded within the design chainage, however 3 no. 
relevant exploratory holes have been considered outside the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000031, Rev P01. 
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Figure 3: Borehole Location Plan 

Flood Risk: 
The design flood level is  32.2mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK43SE15 CP1102 SK43SE14  

 Borehole Chainage 189174 189081 189172  

 Borehole Location Southbound 
(beneath mainline 
carriageway, 
completed before 
motorway 
construction) 

Northbound 
(existing verge) 

Southbound (beneath 
mainline 
carriageway, 
completed before 
motorway 
construction) 

 

 National Grid 
Reference 

E 446500, N 
331400 

E 446472, N 
331402 

E 446510, N 331310  

 Ground Level at 
Exploratory Hole 

30.10mAOD 34.65mAOD 29.30mAOD  

 RAG Analysis Amber Green Amber  

 Date Drilled 01/02/1962 – 
05/02/1962 

18/10/2006 – 
01/11/2006 

31/01/1962 – 
08/02/1962 
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 Termination Depth 14.86m 22.17m 14.06m  
 

Other suitable 
holes  

None 
 

 

 

 

   

 

Existing Ground Conditions: 
 

 

The following ground conditions have been assumed based on historical Ground 
Investigation and driven LiDAR survey. 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range 

Embankment Fill (fine grained) 4.1 29.8 35  

River Terrace Deposits (coarse 
grained) 9.1 24.8 27-150 (27)  

Glaciofluvial Deposits (fine grained) 13.2 20.7 83 

Mercia Mudstone – III/IV Not proven Not proven None recorded 
(1) Ground level is assumed to be at the carriageway level 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 
(4) Embankment Fill was recorded as coarse grained material in historical exploratory hole CP1102 within the bottom 2m of the fill. 

This borehole was undertaken within the embankment on the northbound carriageway; therefore it is not confirmed whether the 
same coarse grained material will be present within the bottom 2m of fill for the southbound embankment. As a conservative 
assumption, fine grained materials are assumed for the full extents of the Embankment Fill. As a result of the above 
assumption, any in situ or laboratory test undertaken within the coarse grained materials of the Embankment Fill has not been 
used to derive parameters for the Embankment Fill at this location. 

 

In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
CP1102, SK43SE14 and SK43SE15. 

Groundwater: 
The following groundwater strikes were recorded in historical exploratory holes for this location: 

• SK43SE14 – 0.9mbgl (28.4mAOD) within River Terrace Deposits (coarse grained); 
• SK43SE15 – 2.0mbgl (28.1mAOD) within River Terrace Deposits (coarse grained), rising 

to 1.6mbgl (28.5mAOD) within River Terrace Deposits (coarse grained) after 4.5hours. 

 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 
m bgl m AOD Time m bgl m AOD 

SK43SE14 River Terrace 
Deposits 

0.90 28.40 - - - 

SK43SE15 River Terrace 
Deposits 

2.00 28.10 4.5 hours 1.60 28.50 

Groundwater Design Level: 
Limited groundwater data is available. Therefore a groundwater level of 32.20mAOD (flood level) 
has been assumed for WALLAP analysis of the king and intermediate sheet piles. When 
checking the global stability check of the earthwork and king and intermediate sheet piles 
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(analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
3 No. Atterberg Limit tests and 3 No. Moisture Content tests were undertaken within historical 
exploratory hole CP1102. The results for these tests are summarised in the table below: 

Stratum Depth (m) 
Natural 

Moisture 
Content 

(%) 

Liquid 
Limit (%) 

Plastic Limit 
(%) 

Plasticity 
Index (%) Plasticity Class* 

Embankment 
Fill  1.7 7 23 11 12 CL 

Embankment 
Fill 3.7 4 24 11 13 CL 

Glaciofluvial 
Deposits 

(fine grained) 
10.75 14 30 11 19 CL 

 
 
2 No. quick undrained triaxial test was undertaken within historical exploratory hole 
CP1102, with the results presented in the table below: 
 

Stratum Depth (m) 
Undrained 

Shear 
Strength 
(kN/m2) 

Embankment 
Fill  4, 7 69 

Embankment 
Fill - 102 

 
 
 

 

Lab Test Data – BRE Classification: 
 
Chemical test data is presented in the table below: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 1 0.06 g/l SO4 

Embankment Fill pH Water 1 8.70 - 

 
 
 
 
 

: 
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Assumed Ground Model For Design: 
Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000032 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002.  The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation. 
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Embankment Fill  0-4.1 33.9-
29.8 

4.1 21 27 0 100 7.8 6.2 - 0.50 0.20 - 0.45 2.60 6.2 - - 
DS-2 
AC-2 

River Terrace 
Deposits (coarse 

grained) 4.1-9.1 29.8-
24.8 

5.0 20 35 - - - 39.6 - - 0.35 - - 14.70 - - 50 

DS-3 
AC-3 

Glaciofluvial 
Deposits (fine 

grained) 9.1-13.2 24.8-
20.7 

4.1 21 26 0 100 7.8 6.2 - 0.50 0.20 - 0.45 2.60 9 - - 

DS-3 
AC-3 

Mercia Mudstone 
– III/IV >13.2 <20.7 - 21 30 2 100 16.8 13.4 - 0.50 0.20 - 0.45 5.60 - - - 

DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Due to limited localised GI data, values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used as a basis for the parameters above. 
(3) Given the limited amount of GI data for Embankment Fill, the typical parameters given in the AMAR GIR were adopted. 
(4) ϕ' of River Terrace Deposits can be determined using correlation with SPT (Peck 1974) ‘N’ values. Using a conservative SPT ‘N’ value of 27 gives an angle of 35°. 
(5) E’ of River Terrace Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using a conservative SPT ‘N’ value of 27) gives a value of 39.6MN/m2. 
(6) Given the limited amount of localised GI data for Glaciofluvial Deposits (fine grained), the typical parameters given in the AMAR GIR were adopted. 
(7) Given the absence of localised GI data for Mercia Mudstone – III/IV, the typical parameters given in the AMAR GIR were adopted. 
(8) Adhesion factor, for use in the design of bored piles, is based on BS8004 (equation 41). 
(9) Shear modulus is based on G = E/2(1+v). 
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(10) Nc is based on CIRIA C570.  
(11) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 
(12) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). 
(13) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a dense to very dense siliceous cohesionless soil (Tomlinson Table 7.1). 
(14) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata the classification used for the strata in the AMAR GIR was adopted. 

 
 

Imported Granular Fill (Class 6N) was used in the design of king sheet piles in embankments; the granular material was assumed to have the 
following properties: 

Stratum 
Bulk Density γb  

(kN/m3) 
Friction Angle φ’ 

 (°) 
Young’s Modulus E’  

(MN/m2) 
Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 
Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to this encroaching on the 
flood plain, this solution was not viable. A retaining wall is recommended as the earthwork 
widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 
Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 
Pile Working 

Load (kN) 

4 

(2x2) 
750 6.0 2.25 10 160 578 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

• BH-G310 at chainage189160, Southbound -  11m deep dynamic sample hole with 
rotary core follow on, to be located in southbound hardstrip.   

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 189160-189170
Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1102, SK43SE14, SK43SE15

Rev: P01        Date: 18/01/2017 Ref:  HA549342-AMAR-HGT-189160-189170-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 181960-181970
Client: Highways England Borehole ID:

Key
CL - Clay_Low Plasticity ML - Silt_Low Plasticity
CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity
CH - Clay_High Plasticity MH - Silt_High Plasticity
CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity
CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1102
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 181960-181970
Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-189280-189310SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 189280-189310 

Carriageway Southbound 

Marker Post MP189/2B+80 – MP189/3B+10 

National Grid Reference E 446509, N 331507 – E 446511, N 331539 
Existing Ground Level at 
Location 

Carriageway 33.6mAOD 
Toe of Embankment 29.1mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_22157 HAGDMS designation   

Earthwork Height NB: N/A SB: 4.5m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 23° 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

  

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King sheet pile retaining wall. 

Proposed Major Structures:   
N/A 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
an embankment. Within Ch189280-189310 the embankment has a height of 4.0-4.5m and a 
typical slope angle of 23°. 

The critical cross sections (i.e. the cross section with the greatest retained height) used is 
Ch189300. 
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Figure 2: Topographic Critical Cross Section Ch189300 

Utilities:  
There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Alluvium 

Solid Deposits: Edwalton Member (Mercia Mudstone Group) 

Ground Investigation: 
There are 2 No. historical exploratory holes recorded within the design chainage, with additional 
5 no. relevant exploratory holes considered outside the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000032, Rev P01. 
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Figure 3: Borehole Location Plan  

Flood Risk: 
The design flood level is 32.20mAOD.  

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04. 

Historical Boreholes: 

 Closest Borehole 
Number 

SK43SE16  

 Borehole Chainage 189303  

 Borehole Location Southbound  

 National Grid 
Reference 

E 446495, N 331530  

 Ground Level at 
Exploratory Hole 

30.00mAOD  

 RAG Analysis Amber  

 Date Drilled 29/01/1962  

 Termination Depth 12.19 metres below ground level (mbgl)  
 

Other suitable holes  CP1102, NWHCCTV2, NWHM2, NWHM2A, SK43SE15 
& SK43SE17 
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Existing Ground Conditions: 
 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey. 

 
 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Made Ground – Embankment Fill 4.5 29.1 20-120 (22) 

Glaciofluvial Deposits (coarse 
grained) 7.7 25.9 10-150* (30) 

Mercia Mudstone III-IV Not proven Not proven 30, 30 (30) 
(1) Ground level is assumed to be at carriageway level. 
(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 
(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model.  

Mercia Mudstone – I/II and Mercia Mudstone – Siltstone were recorded within some historical exploratory holes; however, the closest 
exploratory hole SK43SE16 only recorded Mercia Mudstone – III/IV. Therefore, Mercia Mudstone – I/II and Mercia Mudstone – Siltstone 
have been excluded from the ground model for this location.  In situ and laboratory data for Mercia Mudstone – I/II and Mercia Mudstone – 
Siltstone has not been used to determine geotechnical parameters of Mercia Mudstone – III/IV. 

In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken within exploratory holes CP1102, 
NWHCCTV2. NWHM2, NWHM2A, SK43SE15, SK43SE16 & SK43SE17. 

Groundwater: 
The following groundwater strikes were recorded in the historical exploratory holes: 

 

 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 
m bgl m AOD Time m bgl m AOD 

NWHCCTV2 Glaciofluvial 
Deposits 7.10 27.69 - - - 

NWHM2A Glaciofluvial 
Deposits 6.00 28.59 - - - 

SK43SE15 River Terrace 
Deposits 1.98 28.12 4.5 hours 1.60 28.50 

SK43SE16 Glaciofluvial 
Deposits 1.52 24.48 - - - 

SK43SE17 Alluvium 1.22 29.28 - - - 

SK43SE17 
River Terrace 
Deposits to 

Alluvium 
3.96 26.54 - 0.80 29.70 

Groundwater Design Level: 
A groundwater level of 32.20mAOD (flood level) has been assumed for WALLAP analysis of the 
king and intermediate sheet pile. When checking the global stability check of the earthwork and 
king and intermediate sheet pile (analysed using SLOPE W) an Ru value of 0.2 for has been 
used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
 
2 No. Atterberg Limit Tests and 2 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 1.7 7 23 11 12 CL 

Embankment Fill 3.7 4 24 11 13 CL 

 
2 No. undrained triaxial tests were undertaken within the embankment fill with the following 
results: 
 

Stratum Depth to Top of 
Test (mbgl) 

Undrained Shear 
Strength (kN/m2) 

Embankment Fill 1.2 102 

Embankment Fill 3.2 69 
 
 

Lab Test Data – BRE Classification: 
 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 3 0.02-0.07 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 1 0.06 g/l SO4 

Embankment Fill pH Solid 3 8.2-9.2 - 

Embankment Fill pH Water 1 8.7 - 
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Assumed Ground Model For Design: 
Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000032 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Young’s Modulus 
(MN/m2) Poisson’s Ratio 

B
R

E 
C
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ss
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ca

tio
n 

Eu E’ E Vu ν’ ν 

Embankment Fill 0.0-4.5 33.6-29.1 4.5 21 27 0 100 8.4 6.7 - 0.50 0.20 - 
DS-2 
AC-2 

Glaciofluvial Deposits (coarse 
grained) 

4.5-7.7 29.1-25.9 3.2 21 36 - - - 43.2 - - 0.25 - 
DS-3 
AC-3 

Mercia Mudstone – III/IV >7.7 <25.9 - 21 30 2 150 10.8 8.6 - 0.50 0.20 - 
DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI 
data (where data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(3) Given the absence of sufficient local PI data for Embankment Fill, the ϕ' of Embankment Fill was taken as the characteristic value given in the AMAR GIR. 
(4) Eu for Embankment Fill can be derived using SPT ‘N’ values (Bowles) where Eu = 300 (N+6); using a typical SPT ‘N’ value of 22 gives Eu = 8.4MN/m2. Using Wroth (1972) E’ can then be calculated using E’ = 

2/3 (1 + v) Eu = 6.7MN/m2. 
(5) Based on SPT converted cu values (using the Stroud correlation and an f1 value of 5.0) and results of quick undrained triaxial tests, it was determined that a cu value of 100kN/m2 was suitable for Embankment 

Fill. 
(6) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7th Edition). For a typical SPT 

‘N’ value of 30, ϕ' was found to be 36o. 
(7) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5th Edition). Therefore for a characteristic SPT ‘N’ value of 30, E’ = 

43.2MN/m2. 
(8) Given the absence of sufficient local PI data for Mercia Mudstone – III/IV, the ϕ' of Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(9) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. A typical SPT ‘N’ value of 30 was used for Mercia Mudstone – III/IV, combined with an f1 value of 5 (after guidance in CIRIA C570) to 

derive a cu of 150kN/m2. 
(10) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a characteristic SPT ‘N’ value of 30 gives Eu = 10.8MN/m2. Using Wroth (1972) E’ can then be calculated 

using E’ = 2/3 (1 + v) Eu = 8.6MN/m2. 
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(11) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Glaciofluvial Deposits and Mercia Mudstone-III/IV, the classification used for the strata in the 
AMAR GIR was adopted. 
 

 

Imported Granular Fill (Class 6N) was used in the design of king and intermediate sheet piles in embankments; the granular material was assumed to 
have the following properties: 

 
 Stratum Bulk Density γb 

(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 

 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-189280-1893100SB-GSS-CE-000001 Page 9 of 27 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 
 

 

Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to this encroaching on to 
the flood plain, this solution was not viable. A retaining wall is recommended as the 
earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
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FURTHER GROUND INVESTIGATION 
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

• BH-CPT-07 at chainage 189303, Southbound - 5m deep CPT exploratory hole, 
located in northbound existing grass verge using excavator mounted equipment.  
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HISTORICAL EXPLORATORY HOLES 
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CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-189560-189930SB-GSS-000001 
Earthwork Widening 
Solution 

Granular Wedge at Embankment Crest 1:2.0, King Sheet Pile 
Retaining Wall 

Structure Number Gantry 311  

Structure Type Superspan Portal Gantry 

Design Chainage 189560 – 189930 

Carriageway Southbound 

Marker Post MP189/5B+60 – MP189/9B+30 

National Grid Reference E 446539, N 331782 – E 446646, N 332133 
Existing Ground Level at 
Location 

Carriageway 37.66mAOD 
Toe of Embankment 31.15mAOD 

Earthwork Type NB: N/A SB: Embankment HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_22136 HAGDMS designation   

Earthwork Height NB: N/A SB: 6.5m From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 22°  From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

1 Structure numbers in accordance with Drawing Sequence HA549342-AMAR-HML-MLC-DR-CH-000001 to HA549342-
AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this earthwork. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Location Plan 
 

Proposed Widening:   
To accommodate earthworks widening for this location, the following solutions have been proposed: 

• 189560-189740 & 189800-189930 – Granular Wedge at Embankment Crest 1:2.0 
• 189770-189790 – King Sheet Pile Retaining Wall 

 

Proposed Major Structures: 

• Superspan Portal Gantry 311 at chainage 189780; 
 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as an 
embankment ranging in height from 2.6m to 6.5m with a typical slope angle of 22 degrees. 

The critical cross section with the greatest retained height is used at Ch 189780 for king sheet pile 
wall design. 

The critical cross section with the greatest embankment height is used at Ch 189920 for earthwork 
design. 

 

 

 

 

 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-189560-1899300B-GSS-CE-000001 Page 3 of 33 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 

King Sheet Pile Retaining Wall – 189770-189790 

 
Figure 2.1: Topographic Critical Cross Section Chainage 189780 
Granular Wedge at Embankment Crest – 189560-189740 & 189800-189930 
 

 
Figure 2.2: Topographic Critical Cross Section Chainage 189920 

Utilities:  
Western Power High cable located at the underbridge UB439. See Figure 3 for details: 
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Figure 3: Utilities Location Plan 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member - Silt And Gravel 

Solid Deposits: Cotgrave Sandstone Member – Sandstone/Edwalton Member - Mudstone 

Ground Investigation: 
1 No. historical borehole was undertaken between Ch189560 and Ch.189930, with 10 No additional 
exploratory holes considered as shown on Geological Long Section, Drawing No. HA549342-
AMAR-HCT-SWI-DR-CE-000028, Rev P01.  
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Figure 4: Borehole Location Plan 

Flood Risk: 
The earthworks are located within a flood risk zone. The flood risk level is at 32.20mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the Environmental 
Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04. 

Historical Boreholes: 

 Relevant 
Borehole 
Number 

HIS0004 HIS0008 HIS0003 SK43SE18  

 Borehole 
Chainage 

189937 189938 189939 189902  

 Borehole 
Location 

Southbound 

 

Central 
Reserve 

Northbound Northbound  

 National Grid 
Reference 

E 446645, 
N 332139 

E 446629, N 
332147 

E 446612, N 
332155 

E 446600, N 
332120 

 

 Ground Level 
at 
Exploratory 
Hole 

31.70mAOD 31.70mAOD 31.70mAOD 32.10mAOD  

 RAG Analysis Amber Amber Amber Amber  
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 Date Drilled 01/06/1964 
– 
03/06/1964 

15/07/1964 – 
16/07/1964 

04/06/1964 – 
06/06/1964 

17/01/1962 – 
24/01/1962 

 

 Termination 
Depth 

8.84 metres 
below 
ground level 
(mbgl) 

5.57 metres 
below ground 
level (mbgl) 

8.84 metres 
below ground 
level (mbgl) 

9.14 metres below 
ground level (mbgl) 

 

 

Other 
suitable 
holes  

HIS0001, HIS0002,HIS0005, HIS0006, HIS0007, CP1104, CP1105 
 

 

 

 

 

 

 

 
Existing Ground Conditions: 

 

 

The following ground conditions are assumed based on previous GI data and driven 
LIDAR Survey. 

 
 

Stratum Depth to Base 
(mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Embankment Fill 7.10 30.56 16-64 
 (16) 

Glaciofluvial Deposits (coarse 
grained) 11.49 26.31 9-103  

(30) 

Mercia Mudstone – III-IV  >11.49 <26.31 49->150  
(49) 

(1)  Ground level is assumed to be at  carriageway level 
(2) Due to variations in Embankment height the depth of Embankment Fill may vary. 
(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 
Standard Penetration Tests (SPTs) have been undertaken in exploratory holes HIS0001, HIS0002, 
HIS0003, HIS0004, HIS0005, HIS0006, HIS0007, HIS0008, CP1104, CP1105 and SK43SE18. 

Groundwater: 
Groundwater strike are presented in the table below: 
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Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 
m bgl m AOD Time m bgl m AOD 

SK43SE18 Glaciofluvial 
Deposits 1.52 30.58 N/A 0.61 31.49 

HIS0001 Glaciofluvial 
Deposits 3.35 28.45 N/A 1.83 29.97 

HIS0002 Glaciofluvial 
Deposits 0.15  - - - 

HIS0003 Glaciofluvial 
Deposits 1.98 29.72 - - - 

HIS0004 Glaciofluvial 
Deposits 1.80 29.90 - - - 

HIS0005 Glaciofluvial 
Deposits 1.98 29.92 - - - 

HIS0006 

Mercia 
Mudstone to 
Glaciofluvial 

Deposits 

6.40 25.3 N/A 1.68 30.02 

HIS0007 Glaciofluvial 
Deposits 2.13 29.57 - - - 

HIS0008 Glaciofluvial 
Deposits 1.52 30.18 - - - 

Groundwater Design Level: 
A groundwater level of 32.20mAOD (flood level) has been assumed for WALLAP analysis of the 
king sheet pile. When checking the global stability check of the earthwork and king sheet pile 
(analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata. 

In addition to the above, during earthwork design, design groundwater level of 32.20mAOD (Flood 
Risk Level) has been assumed within the embankment, with the piezometric line drawing down to 
ground level at the toe of the embankment. 

. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
5 No Atterberg limit tests, 5 No. Moisture Content Tests were completed, with the results presented 
in the table below: 

Stratum Depth to Top 
of Test (mbgl) 

Natural 
Moisture 

Content (%) 
Liquid 

Limit (%) 
Plastic 

Limit (%) 
Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 1.7 16.0 32.0 13.0 19.0 CL 

Embankment Fill 1.7 10.0 26.0 16.0 9.0 CL 

Embankment Fill 3.7 13.0 30.0 12.0 18.0 CL 

Embankment Fill 5.7 16.0 33.0 16.0 17.0 CL 

Mercia Mudstone 7.7 21.0 31.0 20.0 11.0 CL 

Mercia Mudstone 10.2 18.0 32.0 19.0 13.0 CL 

2 No Quick Undrained Triaxial Tests were was completed, with the results presented in the table 
below: 

Stratum Depth to Top 
of Test (mbgl) Cu (kN/m2) 

Embankment 
Fill 

5.2 210 

Mercia 
Mudstone 

7.2 146 

 
 

Lab Test Data - BRE Classification : 
The table below presents the environmental were undertaken within exploratory holes HIS0001, 
HIS0002, HIS0003, HIS0004, HIS0005 and HIS0006. The results are summarised in the table 
below: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Glaciofluvial 
Deposits 

Sulphate (Total) 
as SO4 

Solid 8 0.02-0.04 %SO4 

Glaciofluvial 
Deposits 

Sulphate (Total) 
as SO4 

Water 3 0.16-0.20 g/l SO4 

Glaciofluvial 
Deposits 

pH Water 3 7.5 - 

Mercia Mudstone Sulphate (Total) 
as SO4 

Solid 9 0.01-0.22 %SO4 

Mercia Mudstone Sulphate (Total) 
as SO4 

Water 2 0.92-0.22 g/l SO4 

Mercia Mudstone pH Water 2 7.5 - 
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Assumed Ground Model For Design: 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Ground 
Investigation. 
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Embankment 
fill 

0.00 – 
7.10 

37.66 – 
30.56 7.10 21 26 0 96 6.60 5.30 - 0.50 0.20 - 2.20 0.47 - 6.2* - 

DS-2 
AC-2 

Glaciofluvial 
Deposits 
(coarse 
grained) 

7.10 –
11.49 

30.56 – 
26.17 4.7 21 36 - - - 43.20 - - 0.25 - 17.30 - 1.0 - 50 

DS1 
AC-1 

Mercia 
Mudstone – 

III/IV 
>11.49 <26.17 - 21 30 2 245 16.50 13.20 - 0.50 0.20 - 5.50 0.45 - 9 - 

DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 
(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 
(4) ϕ' of Embankment Fill was based on PI value from Table 2 (BS8002:2015). For an average PI value of 17, ϕ' is 260. 
(5) Cu of Embankment Fill was derived using the Stroud correlation. A typical PI of 17% gives an f1 value of 6.0, combined with a typical SPT ‘N’ value of 16, this gives a typical cu of 96kN/m2.  
(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 16, Eu = 6.6MN/m2. Therefore E’ = 5.3MN/m2. 
(7) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using correlation with SPT ‘N’ values (Peck 1974). Using a typical ‘N’ value of 30 gives an angle of 35°. 
(8) E’ of Glaciofluvial Deposits (coarse grained) was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 30) gives a value of 43.2MN/m2. 
(9) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. In the absence of sufficient PI data, the typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) was adopted; combined with a typical SPT ‘N’ value of 
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94, this gives a cu of 245kN/m2. This value exceeds the range given in the AMAR GIR; therefore the upper bound of the range was adopted. 
(10) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 94, Eu = 16.5MN/m2. Therefore E’ = 

13.2MN/m2. 
(11) Shear modulus is based on G = E/2(1+v). 
(12) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 
(13) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(14) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl. Embankment Fill is assumed to comprise reworked Mercia Mudstone. 
(15) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 
(16) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill, the classification used for the strata in the AMAR GIR was adopted. 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

 

 

 

 

 

 
 

Stratum Bulk Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus E 
(MN/m2) Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5.1 : Geological Long Section 189560-189600 
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Figure 5.2 : Geological Long Section 189600-189930 
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Proposed Earthwork Widening Solution: 
Following design, the below widening solutions are proposed: 
 

Start Chainage  End Chainage Widening Solution Based Width Batter Angle 

189560 189740 Granular Wedge at  
Embankment Crest 

1:2.0 

4.5 45 

189800 189930 Granular Wedge at  
Embankment Crest 

1:2.0 

4.5 45 

 
 
Earthwork regrade was considered between chainage 189770-189790, however due to this 
impeding on the highway boundary, this solution was not viable. A retaining wall is 
recommended as the earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 

 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 
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Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7 

 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 
Pile Working 

Load (kN) 

4  

(2x2) 
900 15.5 2.7 11 591 499 

 

 

Further ground investigation has been proposed during the ‘Just in Time’ GI and will 
comprise the following: 
 

• BH-G311B, Ch189780, Southbound and Northbound - Dynamic Sample with Rotary 
Core follow on to a scheduled depth of 21m bgl. 

 

  

FURTHER GROUND INVESTIGATION 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-189560-1899300B-GSS-CE-000001 Page 15 of 33 
 UNCONTROLLED IF COPIED OR PRINTED 

 

HISTORICAL BOREHOLE LOGS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-189960-190370SB-GSS-000001 

Earthwork Widening 
Solution 

Granular Wedge at Embankment Crest 1:2.0 

Structure Number N/A 

Structure Type N/A 

Design Chainage 189960-190370 

Carriageway Southbound 

Marker Post MP189/9B+60 – MP190/3B+70 

National Grid Reference E 446659, N 332158 – E 446856, N 332517 

Existing Ground Level at 
Location 

Carriageway 39.90mAOD 

Toe of Embankment 31.38mAOD 

Earthwork Type NB: N/A SB: Embankment HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_21155 HAGDMS designation   

Earthwork Height NB: N/A SB: 9.4m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB:16°  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this earthwork. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 
Figure 1.1: Location Plan – 189960-190200 
 

 
 
 
 
 
 
 
Figure 1.2: Location Plan – 190200-190370 
 
 
 

Proposed Widening:   

To accommodate earthworks widening for this location, the following solutions have been proposed: 
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 189960-190280 - Granular Wedge at Embankment Crest 1:2.0 

 190930-190370 – Granular Wedge at Embankment Crest 1:2.0 

 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as an 
embankment ranging in height from 6.60m to 9.40m with a typical slope angle of 16 degrees. 

The critical cross section with the greatest earthwork height was used. This was at Ch 190250. 

 

 

 

Figure 2: Topographic Critical Cross Section Chainage 190250 

Utilities:  

Western Power High cable located at the underbridge UB439. See Figure 3 for details: 
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Figure 3: Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Hemington Member - Silt And Gravel 

Solid Deposits: Edwalton Member - Mudstone 

Ground Investigation: 

There are 3 No. historical exploratory holes recorded within the design chainage, with additional 13 
no. relevant exploratory holes considered outside the design chainage as shown on Geological 
Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-189960-190370B-GSS-CE-000001 Page 5 of 37 

 UNCONTROLLED IF COPIED OR PRINTED 

 

Figure 4.1: Borehole Location Plan – 189960-190200 

 

   

Figure 4.1: Borehole Location Plan – 190200-190370 
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Flood Risk: 

The earthworks are located within a flood risk zone. The flood risk level is at 31.20mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the Environmental 
Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-000001, Rev P04 

Historical Boreholes: 

 Relevant 
Borehole 
Number 

HIS0010 CP1105 CP1107 HIS0013  

 Borehole 
Chainage 

190376 189975 190215 190375  

 Borehole 
Location 

Southbound 

 

Northbound 

 

Northbound 

 

Southbound 

 

 

 National Grid 
Reference 

E 446856, 
N 332520 

E 446627, N 
332189 

E 446714, N 
332419 

E 446852, N 
332522 

 

 Ground Level 
at 
Exploratory 
Hole 

31.12mAOD 38.85mAOD 31.80mAOD 31.10mAOD  

 RAG Analysis Green Green Green Green  

 Date Drilled 10/06/1964 
– 
11/06/1964 

06/11/2006 – 
07/11/2006 

09/10/2006 – 
07/10/2006 

10/08/1964 – 
15/08/1964 

 

 Termination 
Depth 

7.93 metres 
below 
ground level 
(mbgl) 

14.75 metres 
below ground 
level (mbgl) 

8.50 metres 
below ground 
level (mbgl) 

18.36 metres below 
ground level (mbgl) 

 

 

Other 
suitable 
holes  

CP1108, HIS0003, HIS0004, HIS0005, HIS0006, HIS0007, 
HIS0008,HIS0009, HIS0011, HIS0012, HIS0014, TP1106 
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Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data.  
 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Embankment Fill 9.90 30.0 15-64 (16) 

Glaciofluvial Deposits (coarse 
grained) 

12.9 27.00 9-103 (30) 

Mercia Mudstone – III-IV >12.9 <27.00 24->150 (24) 

 

(1) Ground level is assumed to be at the crest of carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in exploratory holes CP1108, HIS0003, 
HIS0004, HIS0005, HIS0006, HIS0007, HIS0008, HIS0009, HIS0010, HIS0011, HIS0012, HIS0013, 
HIS0014, CP1105 and CP1107 

Groundwater: 

Groundwater strike are presented in the table below: 

 

 

 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

HIS0003 
Glaciofluvial 

Deposits 
1.98 29.72 - - - 

HIS0004 
Glaciofluvial 

Deposits 
1.80 29.90 - - - 

HIS0005 
Glaciofluvial 

Deposits 
1.98 29.92  -  

HIS0006 

Mercia 
Mudstone to 
Glaciofluvial 

Deposits 

6.40 25.30 - 1.68 30.02 

HIS0007 
Glaciofluvial 

Deposits 
2.13 29.57 - - - 

HIS0008 
Glaciofluvial 

Deposits 
1.52 30.18 - - - 

HIS0009 
Glaciofluvial 

Deposits 
3.35 28.05 - - - 

HIS0010 
Glaciofluvial 

Deposits 
0.90 30.22  -  

HIS0011 
Mercia 

Mudstone 
7.00 24.20 - - - 

HIS0012 
Glaciofluvial 

Deposits 
0.61 30.50 - - - 

HIS0013 
Glaciofluvial 

Deposits 
1.52 29.58 - - - 

HIS0014 
Glaciofluvial 

Deposits 
1.83 29.57 - - - 
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Groundwater Design Level: 

A design groundwater level of 31.20mAOD (Flood Risk Level) has been assumed within the 
embankment, with the piezometric line drawing down to ground level at the toe of the embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

9 No Atterberg limit tests, 9 No. Moisture Content Tests and was completed, with the results 
presented in the table below: 

Stratum 
Depth to Top 
of Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment 

Fill 
1.40 18 38 16 22 CL 

Embankment 

Fill 
1.60 31 46 27 19 MI 

Embankment 

Fill 
1.70 10 25 16 9 CL 

Embankment 

Fill 
2.00 16 35 16 19 CL 

Embankment 
Fill 3.80 13 30 12 18 CL 

Embankment 
Fill 4.00 14 33 12 21 CL 

Embankment 

Fill 
5.40 23 39 22 17 CI 

Mercia 

Mudstone 
5.70 16 33 16 17 CI 

Mercia 

Mudstone 
15.00 32 34 24 10 ML 

3 No. quick undrained triaxial tests were completed with the results presented in the table below: 

Stratum Depth to Top of Test (mbgl) Cu (kN/m
2
) 

Embankment Fill 1.2 85 

Embankment Fill 3.2 105 

Embankment Fill 4.5 210 
 

 

 

Lab Test Data - Chemical: 

68 No. Chemical Tests tests were undertaken within exploratory holes with the results presented in 
the table below: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Glaciofluvial 
Deposits 

Sulphate (Total) 
as SO4 

Solid 12 0.02-0.12 %SO4 

Glaciofluvial 
Deposits 

Water Soluble 
Sulphate as SO4 

Water 3 0.19-0.20 g/l SO4 

Glaciofluvial 
Deposits 

pH Solid 3 7.5 - 

Mercia Mudstone  Sulphate (Total) 
as SO4 

Solid 20 0.01-0.35 %SO4 
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Mercia Mudstone  Water Soluble 
Sulphate as SO4 

Water 6 0.19-0.73 g/l SO4 

Mercia Mudstone  pH Solid 6 7.0-7.5 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

The below table outlines the assumed anticipated ground model; strata type and depth will need to be confirmed with ‘Just In Time’ Ground 
Investigation. 
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Young’s Modulus 
(MN/m

2
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Poisson’s Ratio 

B
R

E
 C
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s
s
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ic
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ti
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n
 

Eu E’ E Vu ν’ ν 

Embankment Fill 0 – 9.90 39.9 – 30.00 9.9 21 26 0 96 6.6 5.3 - 0.50 0.20 - 
DS-2 

AC-2 

Glaciofluvial Deposits 

(coarse grained) 
9.90 –12.90 

30.00 – 

27.00 4.7 21 36 - - - 43.2 - - 0.25 - 
DS-1 

AC -1 

Mercia Mudstone – III/IV  >12.90 <27.00 - 21 30 2 120 9.0 7.2 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data 

(where data was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 

(4) ϕ' of Embankment Fill was based on PI value from Table 2 (BS8002:2015). For an average PI value of 17, ϕ' is 26
0
. 

(5) Cu of Embankment Fill was derived using the Stroud correlation. A typical PI of 17% gives an f1 value of 6.0, combined with a typical SPT ‘N’ value of 16, this gives a typical cu of 96kN/m
2
.  

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 16, Eu = 6.6MN/m
2
. Therefore E’ = 

5.3MN/m
2
. 

(7) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using correlation with SPT ‘N’ values (Peck 1974). Using a typical ‘N’ value of 30 gives an angle of 35°. 
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(8) E’ of Glaciofluvial Deposits (coarse grained) was determined using Bowles correlation E’ = 1200 (N + 6) which (using typical ‘N’ value of 30) gives a value of 43.2MN/m
2
. 

(9) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. In the absence of sufficient PI data, the typical f1 value of 5.0 for Mercia Mudstone (CIRIA C570) was adopted; combined with a typical SPT 
‘N’ value of 24, this gives a cu of 120kN/m

2
. This value exceeds the range given in the AMAR GIR; therefore the upper bound of the range was adopted. 

(10) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using typical SPT ‘N’ value of 24, Eu = 9.0MN/m
2
. Therefore E’ = 

7.2MN/m
2
. 

(11) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Embankment Fill, the classification used for the strata in the AMAR GIR was adopted 

 

 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5.1 : Geological Long Section 189900-190200 

 

Figure 5.2 : Geological Long Section 190200-190470 
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Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

189960 190280 
Granular Wedge at 

Embankment Crest (1:2.0) 

3.5 26.6 (1V:2H) 

190330 190370 
Granular Wedge at 

Embankment Crest (1:2.0) 

3.5 26.6 (1V:2H) 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 

 BH-R-FTPSB3, Ch190200, Southbound -  Dynamic Sample with Rotary Core follow 
on to a scheduled depth of 15m bgl. 

 TP-NW4, Ch1990120, Trial Pit and Thermal Resistivity Probe – required depth to be 
confirmed. 

 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-190440-190650SB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2) 

Structure Number Gantry 312, ERA E2-B2 

Structure Type MS4 Cantilever, Emergency Refuge Area 

Design Chainage 190440-190650 

Carriageway Southbound 

Marker Post 190/4+40 – 190/6+50 

National Grid Reference E 446889,, N 332573 – E 447000, N 332751 

Existing Ground Level at 
Location 

Carriageway 39.1mAOD - 36.8mAOD 

Toe of Embankment 30.4mAOD-30.1mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_22134 HAGDMS designation   

Maximum Earthwork 
Height 

NB: N/A SB: 6.7-8.7m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: N/A SB: 21o 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

1
 Structure numbers in accordan

HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening:   

Within the chainage extents, the below earthworks widening solutions are to be constructed: 

 Ch190440-190650, Granular Wedge at Embankment Crest (1:2.0); 

Proposed Major Structures: 

Within the chainage extents, the following major structures are to be constructed: 

 Gantry, G312 (MS4), Ch190605; 

 Emergency Refuge Area (ERA), E3-B2, Ch190465-190565. 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at the location is classified as an 
embankment. The embankment reduces in height from 6.7-8.7m with a typical slope angle of 21 
degrees.. 

The critical cross section Ch190480 was chosen based on the granular wedge with the greatest 
vertical height. 
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Figure 2: Topographic Critical Cross Section Ch190480 

Utilities:  

An overhead mid voltage Western Power cable is present at the embankment crest running 
parallel to the carriageway along the entirety of the chainage extents. 

 

Figure 3: Utilities Location Plan 

 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Hemington Member (Glaciofluvial Deposits) 

Solid Deposits: Edwalton Member (Mercia Mudstone) 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-190400-190650SB-GSS-CE-000001 Page 4 of 37 

 UNCONTROLLED IF COPIED OR PRINTED 

 

Ground Investigation: 

There are 3 No. historical exploratory holes recorded within the design chainage, with additional 
12 no. relevant exploratory holes considered outside the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000034, Rev P01. 

 

Figure 4: Borehole Location Plan 

 

Flood Risk: 

The design flood level for the chainage extents is 31.2mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR: Document Ref HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04. 

Historical Boreholes: 

 Relevant Borehole 
Number 

HIS0012 HIS0016 NWHM67  

 Borehole Chainage 190391 190659 190600  

 Borehole Location Southbound 
verge 

Southbound 
verge 

Southbound 
verge 

 

 National Grid 
Reference 

E 446864, N 
332532 

E 447010, N 
332758 

E 446979, N 
332708 

 

 Ground Level at 
Exploratory Hole 

31.11mAOD 
(metres above 
Ordnance 
Datum) 

30.80mAOD 37.38mAOD  
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 Date Drilled 12/06/1964 – 
15/06/1964 

17/06/1964 – 
19/06/1964 

01/09/1964 – 
02/09/1964 

 

 Termination Depth 7.92m 8.69m 6.80m  

 Hole Category Green Amber Green  

 

Other suitable holes  HIS0009-HIS0019, CP1108, CP1109, NWHM67, 
SK43SE22 

 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data. 

 
 

Stratum Depth to Base (mbgl) Depth to Base (mAOD) 

 
SPT (N) Value 

Embankment Fill  7.9 30.6 12-49 (20) 

Glaciofluvial Deposits (coarse 
grained) 

12.6 25.9 12-120 (20) 

Mercia Mudstone – III/IV Not proven Not proven 24-60 (25) 

(1) Ground level is assumed to be at carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Mercia Mudstone – I/II, Mercia Mudstone - Siltstone and Mercia Mudstone – Sandstone are recorded at depth beneath Mercia Mudstone – 

III/IV in some of the historical exploratory holes. Due to the lack of historical exploratory holes undertaken within the footprint of the 

earthwork, as a conservative measure, only Mercia Mudstone – III/IV is included in the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes HIS0009-
HIS0018, CP1108, CP1109, NWHM67 and SK43SE22 (none were recorded in HIS0019). 

Groundwater: 

The following groundwater strikes were recorded in the historical exploratory holes: 
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Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

HIS0009 Glaciofluvial 
Deposits 

3.35 28.05 - - - 

HIS0010 Glaciofluvial 
Deposits 

0.91 30.21 - - - 

HSI0011 Mercia 
Mudstone 

7.01 24.19 - - - 

HIS0012 Glaciofluvial 
Deposits 

0.61 30.50 - - - 

HIS0013 Glaciofluvial 
Deposits 

1.91 29.19 - 2.44 28.66 

HIS0014 Glaciofluvial 
Deposits 

1.83 29.57 - - - 

HIS0015 Glaciofluvial 
Deposits 

1.52 29.18 - 1.22 29.48 

HIS0016 Glaciofluvial 
Deposits 

1.83 28.97 - - - 

HIS0017 Glaciofluvial 
Deposits 

3.05 27.75 - 1.22 29.58 

HIS0018 Glaciofluvial 
Deposits 

1.83 28.97 - 1.22 29.58 

HIS0019 Glaciofluvial 
Deposits 

3.05 27.65 - - - 

SK43SE22 Glaciofluvial 
Deposits 

2.44 29.06 38 hours 0.76 30.74 

Groundwater Design Level: 

A design groundwater level of 31.20mAOD (Flood Risk Level) has been assumed within the 
embankment, with the piezometric line drawing down to ground level at the toe of the 
embankment. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

6 No. Atterberg Limit Tests and 6 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results for the strata noted in the ground model: 

Stratum Depth to Top 
of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index 
(%) 

Plasticity 
Class 

Embankment 

Fill 
2.0 16 35 16 19 CL/CI 

Embankment 

Fill 
3.7 14 32 14 18 CL 

Embankment 

Fill 
4.0 14 33 12 21 CL 

Embankment 

Fill 
5.7 17 34 17 17 CL 

Mercia 

Mudstone – 

III/IV 

12.2 22 33 19 14 CL 

Mercia 

Mudstone – 

III/IV 

15.0 32 34 24 10 ML 

 
31 No. undrained triaxial tests were undertaken with the following results for the strata noted in 
the ground model (an additional 8 No. were undertaken within Glaciofluvial Deposits (fine 
grained), but these were not included as this stratum is not present within the ground model): 
 
 

Stratum No. of tests 
Range of Undrained 

Shear Strength 
(kN/m

2
) 

Embankment Fill 3 12-145 

Mercia Mudstone 28 19-350 
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Lab Test Data – BRE Classification 

The following pH testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water No. of Tests Result 
(range) 

Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 3 0.02-0.08 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 1 0.08 g/l SO4 

Embankment Fill pH Solid 3 8.6-9.4 - 

Glaciofluvial 
Deposits  

Sulphate (Total) 
as SO4 

Solid 10 0.01-0.12 %SO4 

Glaciofluvial 
Deposits 

Water Soluble 
Sulphate as SO4 

Water 3 0.20-0.61 g/l SO4 

Glaciofluvial 
Deposits 

pH Solid 13 6.7-7.5 - 

Mercia Mudstone 
–III/IV 

Sulphate (Total) 
as SO4 

Solid 24 0.02-0.35 %SO4 

Mercia 
Mudstone- III/IV  

Water Soluble 
Sulphate as SO4 

Water 4 0.19-1.8 g/l SO4 

Mercia Mudstone 
– III/IV  

pH Solid 27 7.0-8.5 - 

Mercia Mudstone 
– I/II 

Sulphate (Total) 
as SO4 

Solid - - %SO4 

Mercia Mudstone 
– I/II 

Water Soluble 
Sulphate as SO4 

Water 2 0.73-1.36 g/l SO4 

Mercia Mudstone 
– I/II 

pH Solid 10 7.0-7.3 - 

Mercia Mudstone 
- Sandstone 

Sulphate (Total) 
as SO4 

Solid - - %SO4 

Mercia Mudstone 
- Sandstone 

Water Soluble 
Sulphate as SO4 

Water 2 1.06-1.64 g/l SO4 

Mercia Mudstone 
- Sandstone 

pH Solid 2 7.5 - 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000034 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model: 
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Young’s Modulus 
(MN/m

2
) Poisson’s Ratio 

B
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Eu E’ E Vu ν’ ν 

Embankment Fill 0-7.9 38.5-30.6 7.9 21 27 0 100 7.8 6.2 - 0.50 0.20 - 

DS-1 

AC-1 

Glaciofluvial Deposits (coarse 

grained) 
7.9-12.6 30.6-25.9 4.7 21 33 - - - 25.2 - - 0.25 - 

DS-3 

AC-3 

Mercia Mudstone – III/IV >12.6 >25.9 - 21 30 2 100 9.3 7.4 - 0.50 0.20 - 

DS-4 

AC4m 

 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7

th
 Edition). For a characteristic SPT ‘N’ 

value of 20, ϕ' was found to be 33
o
. 

(5) cu of Embankment Fill and Mercia Mudstone – III/IV  was determined based on recorded undrained triaxial tests and cu derived using the Stroud correlation. Due to the limited amount of local PI data, a typical f1 value of 5.0 

was used. 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 20, Eu = 7.8MN/m
2
. Therefore E’ = 

6.2MN/m
2
. 

(7) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 20, E’ = 25.2MN/m

2
. 

(8) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 25, Eu = 9.3MN/m
2
. 

Therefore E’ = 7.4MN/m
2
. 
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(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. Note, BRE class for Mercia Mudstone incorporates results for Mercia Mudstone –I/II and Mercia Mudstone - Sandstone 

 
 

 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 
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Widening Solution: 
 
Following design, the below earthworks widening solutions are proposed for these chainages extents: 
 
 

 
 
 

 
Foundation Solutions: 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2x2) 
750 16.0 2.25 10 167 529 

 
 
 
 
 
 
 
 
 
 
 
 
 

GEOTECHNICAL DESIGN CONCLUSIONS 

Start Chainage End Chainage Widening Solution Base Width (m) Batter Angle (o) 

190440 190465 

Granular Wedge at 

Embankment Crest 

(1:2.0) 

3.9 26.6 (1V:2H) 

190465 190565 

Granular Wedge at 

Embankment Crest 

(1:2.0) 

3.9 26.6 (1V:2H) 

190565 190650 

Granular Wedge at 

Embankment Crest 

(1:2.0) 

3.9 26.6 (1V:2H) 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH-R-BB4_1m, Ch190541, Northbound, 13m deep dynamic sample / rotary follow on 
exploratory hole, located in southbound existing grass verge. 

 BH-CPT-08, Ch190633, Southbound, 6m deep CPT exploratory hole, located in 
southbound existing grass verge. 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190400-190620SB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

HIS0009-HIS0018, CP1108, CP1109, NWHM67, SK43SE22

Rev: P01        Date: 13/02/2017 Ref:  HA549342-AMAR-HGT-190400-190620SB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190400-190620SB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1108 & CP1109

Rev: P01        Date: 13/02/2017 Ref:  HA549342-AMAR-HGT-190400-190620SB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190400-190620SB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

HIS0009-HIS0018, CP1108, CP1109, NWHM67, SK43SE22

Rev: P01        Date: 13/02/2017 Ref:  HA549342-AMAR-HGT-190400-190620SB-GSS-CE-000001
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-190680-191040SB -GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 190680-191040 

Carriageway Southbound 

Marker Post 190/6+80 – 191/0+40 

National Grid Reference E 447022, N 332777 – E 447150, N 333005 

Existing Ground Level at 
Location 

Carriageway 36.1mAOD 

Toe of Embankment 33.7mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A 
SB: 7_M1_22134 & 
7_M1_22054 

HAGDMS designation   

Maximum Earthwork 
Height 

NB: N/A SB: 3.4-6.5m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: N/A SB: 27o  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-190680-191040SB-GSS-CE-000001 Page 2 of 31 

 UNCONTROLLED IF COPIED OR PRINTED 

 

DESK STUDY 

  
Figure 1.1: Location Plan 1 of 2 

 
Figure 1.2: Location Plan 2 of 2 
 

Proposed Earthworks Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Granular Wedge at Embankment Crest at 1 in 2 gradient. 

Proposed Major Structures: 

N/A 

 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at the location is classified as an 
embankment. The embankment reduces in height from 6.5m in the south to 3.4m in the north of 
the extents with a typical slope angle of 27o. 

The critical cross section Ch190860 was chosen based on the granular wedge with the greatest 
vertical height. 
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Figure 2: Topographic Critical Cross Section Ch190860 

Utilities:  

An overhead mid voltage Western Power cable is present at the embankment crest running 
parallel to the carriageway along the entirety of the chainage extents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Utilities Location Plan – 190680-190800 
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Figure 3.2: Utilities Location Plan – 190800-191040 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Ch190680-190790 & Ch190875-191040 Hemington Member 
(Glaciofluvial Deposits); Ch190790-190875 Alluvium 

Solid Deposits: Edwalton Member (Mercia Mudstone) 

Ground Investigation: 

There are 2 No. historical exploratory holes recorded within the design chainage, with additional 
7 no. relevant exploratory holes considered outside the design chainage; as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000034-35, Rev 
P01. 
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Figure 4.1: Borehole Location Plan 1 of 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2: Borehole Location Plan 2 of 2 

Flood Risk: 

The embankment lies within the flood plain.  

The assumed design flood level for the chainage extents is 31.2mAOD. 

Baseline flood levels were provided by BWB Consulting and are detailed within the 
Environmental Study Report by AMAR, Document Ref. HA549342-AMAR-EG-SWI-RP-YE-
000001, Rev P04. 
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Historical Boreholes: 

 Relevant Borehole 
Number 

HIS0018  

 Borehole Chainage 190666  

 Borehole Location Southbound verge  

 National Grid 
Reference 

E 447014, N 332763  

 Ground Level at 
Exploratory Hole 

30.8mAOD (above Ordnance Datum)  

 RAG Analysis Amber  

 Date Drilled 19/06/1964 – 20/06/1964  

 Termination Depth 8.69m below ground level (mbgl)  

 Hole Category Amber  

 

Other suitable holes  CP1109, CP1110, HIS0015, HIS0016, HIS0017, 
HIS0019, NWHM3, NWHM67 

 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI and driven LiDAR 
Survey Data. 

 
 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 

 
SPT (N) Value 

Embankment Fill  4.5 29.7 12-103 (20) 

Alluvium 6.5 27.7 -- 

Glaciofluvial Deposits (coarse 
grained) 

9.2 25.0 9-106 (20) 

Mercia Mudstone  Not proven Not proven 19-214 (30) 

(1) Ground level is assumed to be at carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes CP1109, 
CP1110, HIS0015, HIS0016, HIS0017, HIS0018, NWHM3 and NWHM67. 
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Groundwater: 

The following groundwater strikes were recorded in the historical exploratory holes: 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

HIS0015 
Glaciofluvial 

Deposits 
1.52 29.18 - 1.22 29.48 

HIS0016 
Glaciofluvial 

Deposits 
1.83 28.97 - - - 

HIS0017 
Glaciofluvial 

Deposits 
3.05 27.75 - 1.22 29.58 

HIS0018 
Glaciofluvial 

Deposits 
1.83 28.97 - 1.22 29.58 

HIS0019 
Glaciofluvial 

Deposits 
3.05 27.65 - - - 

Groundwater Design Level: 

A design groundwater level of 31.20mAOD (Flood Risk Level) has been assumed within the 
embankment, with the piezometric line drawing down to ground level at the toe of the 
embankment. 

 

  



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-190680-191040SB-GSS-CE-000001 Page 8 of 31 

 UNCONTROLLED IF COPIED OR PRINTED 

 

GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

6 No. Atterberg Limit Tests and 6 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results for the strata noted in the ground model: 

Stratum Depth to Top 
of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index 
(%) 

Plasticity 
Class 

Embankment 

Fill 
2.2 14.79 36 17 19 CI 

Embankment 

Fill 
3.7 14.00 32 14 18 CL 

Embankment 

Fill 
5.7 16.87 34 17 17 CL 

Mercia 

Mudstone – 

III/IV 

9.6 22.78 34 17 17 CL 

Mercia 

Mudstone – 

III/IV 

12.2 21.88 33 19 14 CL 

Mercia 

Mudstone – 

III/IV 

14.0 20.49 27 16 11 CL 

 
12 No. undrained triaxial tests were undertaken with the following results for the strata noted in 
the ground model: 
 

Stratum 
Depth to Top of 

Test (mbgl) 
Depth to Top of 

Test (mAOD) 
Undrained Shear 
Strength (kN/m

2
) 

MG-EF 3.2 33.1 145.1 

MM-Z3 11.7 24.6 97.5 

MG-EF 5.2 31.1 12 

MM-Z4 13.5 19.45 279.4 

MM-Z4 5.79 24.91 83.79 

MM-Z4 7.47 23.23 143.64 

MM-Z4 7.47 23.33 69.426 

MM-Z4 5.94 24.86 69.426 

MM-Z4 6.1 24.7 100.548 

MM-Z4 7.62 23.18 158.004 

MM-Z4 5.79 25.01 131.67 

MM-Z4 7.47 23.33 55.062 
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Lab Test Data – BRE Classification: 

 

 

 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 2 0.01-0.05 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 1 0.05 g/l SO4 

Embankment Fill pH Solid 3 8.6-8.9 - 

Glaciofluvial 
Deposits (coarse 
grained) 

Water Soluble 
Sulphate as SO4 

Water 1 0.61 g/l SO4 

Mercia Mudstone 
– III/IV 

Sulphate (Total) 
as SO4 

Solid 10 0.07-0.19 %SO4 

Mercia Mudstone 
– III/IV 

Water Soluble 
Sulphate as SO4 

Water 1 1.06 g/l SO4 

Mercia Mudstone 
– III/IV 

pH Solid 10 8.7-7.5 - 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000034 & HA549342-AMAR-HGT-SWI-DR-CE-000035 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002, Rev P01. The below table outlines the assumed anticipated ground model: 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Young’s Modulus 
(MN/m

2
) Poisson’s Ratio 

B
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E
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Eu E’ E Vu ν’ ν 

Embankment Fill 0-4.5 34.2-29.7 4.5 21 27 0 100 7.8 6.2 - 0.50 0.20 - 
DS-1 

AC-1 

Alluvium 4.5-6.5 29.7-27.7 2.0 20 25 0 40 4.0 3.0 - 0.50 0.20 - 
DS-1 

AC-1s 

Glaciofluvial Deposits 

(coarse grained) 
6.5-9.2 27.7-25.0 2.7 21 33 - - - 31.2 - - 0.25 - 

DS-3 

AC-3 

Mercia Mudstone – III/IV >9.2 <25.0 - 21 30 2 100 10.8 8.6 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill, Head Deposits and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) cu of Embankment Fill and Mercia Mudstone – III/IV  was determined based on recorded undrained triaxial tests and cu derived using the Stroud correlation. Due to the limited amount of local PI data, a typical f1 value of 5.0 

was used. 

(5) Given the lack of GI data for Alluvium, the characteristic cu value given in the AMAR GIR was adopted. 

(6) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7
th
 Edition). For a characteristic SPT ‘N’ 

value of 20, ϕ' was found to be 33
o
. 
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(7) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 20, Eu = 7.8MN/m
2
. Therefore E’ = 

6.2MN/m
2
. 

(8) Given the lack of GI data for Alluvium, characteristic Eu and E’ values given in the AMAR GIR were adopted. 

(9) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a characteristic SPT ‘N’ value of 20, E’ = 25.2MN/m

2
. 

(10) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 30, Eu = 10.8MN/m
2
. 

Therefore E’ = 8.6MN/m
2
. 

(11) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for Alluvium and Glaciofluvial Deposits the classification used for the strata in the AMAR GIR was adopted. 

 

 
 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 5.1: Geological Long Section 1 of 2 

 

Figure 5.2: Geological Long Section 2 of 2 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

190680 191040 
Granular Wedge at 

Embankment Crest (1:2.0) 

3.8 26.6 (1V:2H) 

 
 
 

Proposed Structural Solution: 

 
N/A 
 
 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH-R-FTPSB3_800y, Ch190932, Southbound, 6m deep CPT exploratory hole, 
located in southbound existing grass verge.  

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190680-191040SB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1109, CP1110, HIS0015, HIS0016, HIS0017, HIS0018, NWHM3, NWHM67

Rev: P01        Date: 10/02/2017 Ref:  HA549342-AMAR-HGT-190680-191040SB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190680-191040SB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1109, CP1110

Rev: P01        Date: 10/02/2017 Ref:  HA549342-AMAR-HGT-190680-191040SB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 190680-191040SB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

CP1109, CP1110, HIS0015, HIS0016, HIS0017, HIS0018, NWHM3, NWHM67

Rev: P01        Date: 10/02/2017 Ref:  HA549342-AMAR-HGT-190680-191040SB-GSS-CE-000001
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-191420-191450SB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number GANTRY_316 

Structure Type 
MS4 Cantilever Gantry; 
 

Design Chainage 191420-191450 

Carriageway Southbound 

Marker Post 191/4+20 – 191/4+50 

National Grid Reference E 447289, N 333469 – E 447293, N 333499 

Existing Ground Level at 
Location 

Carriageway 33.4-33.6mAOD 

Toe of embankment 29.6-30.2mOAD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_22139 HAGDMS designation   

Maximum Earthwork 
Height 

NB: N/A SB: 3.4-4.0m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: N/A SB: 27o 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
location. Where no local data exists, generalised information for each stratum has been taken from 
the AMAR GIR. 
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DESK STUDY 

 

 
Figure 1: Location Plan 
 

Proposed Earthworks  Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Granular Wedge at Embankment Crest (1:2.0) 

Proposed Major Structure:   

A new MS4 cantilever gantry structure, Gantry 316, situated on the southbound carriageway 
at chainage 191430. 

 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that the earthwork at the 
location is classified as an embankment. The embankment reduces in height from 3.4-4.0m 
with a proposed slope gradient of 1V:2H (27°). 

The critical cross section Ch191440 was chosen based on the granular wedge with the 
greatest vertical height. 
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Figure 2: Topographic Critical Cross Section Ch191440 

Utilities:  

An overhead mid voltage Western Power cable is present at the embankment crest running 
parallel to the carriageway along the entirety of the chainage extents. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities Location Plan 
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Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Ch191420-191425 Alluvium (Fluvial Deposits); Ch191425-191450 
Beeston Sand And Gravel Member (Glaciofluvial Deposits) 

Solid Deposits: Cotgrave Sandstone Member (Mercia Mudstone) 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, but 1 no. 
relevant exploratory hole has been considered outside the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000036, Rev 
P01. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Borehole Location Plan 

 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 
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Historical Boreholes: 

 Relevant Borehole 
Number 

CP1111  

 Borehole Chainage 191375  

 Borehole Location Southbound (9m from VRS)  

 National Grid 
Reference 

E 447287, N 333422  

 Ground Level at 
Exploratory Hole 

32.05 metres Above Ordnance Datum (mAOD)  

 RAG Analysis Green  

 Date Drilled 29/08/2006-30/08/2006  

 Termination Depth 12.61 metres below ground level (m bgl)  

 

Other suitable holes  None 
 

 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR survey data. 

 
 

Stratum Depth to Base (mbgl) Depth to Base (mAOD) 

 
SPT (N) 
Value 

Embankment Fill  3.7 29.8 5 

Glaciofluvial Deposits (coarse 
grained) 

10.0 23.5 34-66 (34) 

Mercia Mudstone – III/IV Not proven Not proven 49-100 (49) 

(1) Ground level is assumed to be at carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) Depth of Embankment Fill is based on driven LiDAR survey data at the critical cross section location Ch191440. 

(4) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(5) Historical exploratory hole CP1111 was used to determine depths of natural geological strata. 

(6) Mercia Mudstone – I/II is recorded at depth beneath Mercia Mudstone – III/IV. Due to the lack of local historical exploratory 

holes, as a conservative measure, only Mercia Mudstone – III/IV is included in the ground model. 

(7) SPTs undertaken within Mercia Mudstone – I/II were not included for Mercia Mudstone – III/IV. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within exploratory hole 
CP1111. 

Groundwater: 
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Groundwater was encountered in CP1111 at 4.6mbgl (27.5mAOD), this had risen to 
3.1mbgl (29.0mAOD) after 20 minutes. 

Groundwater Design Level: 

Limited local groundwater level is available, therefore a groundwater level of 1.0m 
below toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

3 No. Atterberg Limit and 3 No. Natural Moisture Content test were undertaken within the 
Embankment Fill within CP1111 with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 0.50 10.64 36 16 20 ML 

Glaciofluvial 
Deposits (coarse 

grained)* 
4.00 39.33 31 23 8 CI 

Glaciofluvial 
Deposits (coarse 

grained) 
6.45 13.88 NP NP NP NP 

1. NP = Non-plastic. 
2. *This test was undertaken within fine grained elements of a dominantly coarse grained material and therefore is not 

considered to be representative of the stratum as a whole. Therefore, this test has not been used to determine 
geotechnical parameters. 

1 No. quick undrained triaxial test was completed in the Embankment Fill at 2.00mbgl 
(30.05mAOD) with a recorded undrained shear strength (cu) of 85.3kN/m2. 

Lab Test Data – BRE Classification: 

Chemical test data is presented in the table below: 

 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 2 0.01-0.02 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water - - g/l SO4 

Embankment Fill pH Solid 1 7.9 - 

Mercia Mudstone 
–I/II 

Sulphate (Total) 
as SO4 

Solid - - %SO4 

Mercia Mudstone 
–I/II 

Water Soluble 
Sulphate as SO4 

Water 2 0.05 g/l SO4 

Mercia Mudstone 
–I/II 

pH Solid 1 8.5 - 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000036 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002, Rev P01. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground 
Investigation:: 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0-3.7 33.5-29.8 3.7 21 27 0 100 7.8 6.2 - 0.50 0.20 - 2.60  - 6.2* - 
DS-2 

AC-2 

Glaciofluvial Deposits 

(coarse grained) 

3.7-

10.0 
29.8-23.5 6.3 21 37 - - - 48.0 - - 0.25 - 19.20 - 1.0 - 50 

DS-3 

AC-3 

Mercia Mudstone – 

III/IV (>10mbgl) 
>10.0 <23.5 - 21 30 2 100 16.5 13.2 - 0.50 0.20 - 5.50   9.0  

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' and cu of Embankment Fill and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7

th
 Edition). For a conservative SPT ‘N’ value 

of 34, ϕ' was found to be 37
o
. 

(5) Given the lack of test data available for Embankment Fill, geotechnical parameters derived in the AMAR GIR were adopted. 

(6) E’ of Embankment Fill can be based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the recorded SPT ‘N’ value of 5, Eu = 3.3MN/m
2
. Therefore E’ = 2.6MN/m

2
. 

These values are below the range given in the AMAR GIR, therefore the lowerbound of the range given in the AMAR GIR was adopted. 

(7) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a conservative SPT ‘N’ value of 34, E’ = 25.2MN/m

2
. 

(8) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the conservative SPT ‘N’ value of 49, Eu = 16.5MN/m
2
. 

Therefore E’ = 13.2MN/m
2
. 

(9) Shear modulus is based on G = E/2(1+v). 

(10) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 
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(11) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  

(12) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 

(13) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 

(14) BRE Classification is determined using criteria set out in BRE Special Digest 1. Due to the lack of  BRE test data for all strata’s, the classification used for the strata in the AMAR GIR was adopted. 

 

 
 

 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4.1: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

191420 191450 
Granular Wedge at 

Embankment Crest (1:2.0) 

3.0 26.6 

 
 
 
 

 

Proposed Structural Solution: 

 

Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 

Pile Working 
Load (kN) 

4 

(2 x 2) 
750 10.5 2.25 10 194 678 

 
 
 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 
 

 BH-G316, Ch191430,  Southbound, 16m deep dynamic sample / rotary follow on 
exploratory hole, located in existing hard strip.  

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191420-191450SB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1111
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191420-191450SB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 191420-191450SB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

CP1111
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-191560-191570SB-GSS-000001 

Earthwork Widening 
Solution 

Regrade Full Height 1:3.0 

Structure  N/A 

Structure Chainage N/A 

Design Chainage 191560-191570 

Carriageway Southbound 

Marker Post MP191/5B+60 – MP191/5B+70 

National Grid Reference E 447301, N 333608 – E 447302, N 333618  

Existing Ground Level at 
Location 

Crest of cutting 34.61mAOD 

Carriageway 33.45mAOD 

Earthwork Type NB: N/A SB: Embankment HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_24508 HAGDMS designation   

Earthwork Height NB: N/A SB: 0.9m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB:18°  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
earthwork. Where no local data exists, generalised information for each strata has been taken from 
the AMAR GIR. 
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DESK STUDY 

 

 

 
Figure 1: Location Plan 

 

Proposed Earthworks Widening:   

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Regrade Full Height at 1:3.0 gradient. 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that the structure is located on 
an earthwork classified as a cutting ranging in height from 0.8m to 0.9m with a typical slope 
angle of 18 degrees. 

The critical cross section is based on the section with the greatest earthwork height and is at 
Ch. 191570. 
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Figure 2: Topographic Critical Cross Section Chainage 191570 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents.  

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: - Beeston Sand and Gravel Member – Sand and Gravel. 

Solid Deposits: Gunthorpe Member - Mudstone 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 1 no. 
relevant exploratory hole was considered outside the design chainage; as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000036, Rev 
P01.  
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Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK43SE25 

 Borehole Chainage 191619 

 Borehole Location Northbound 

 National Grid 
Reference 

E 446856, N 332520 

 Ground Level at 
Exploratory Hole 

31.12mAOD 

 RAG Analysis Amber 

 Date Drilled 10/06/1964 – 11/06/1964 

 Termination Depth 7.93 metres below ground level 
(mbgl) 

 

Other suitable holes  None 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-191560-191570SB-GSS-CE-000001 Page 5 of 12 

 UNCONTROLLED IF COPIED OR PRINTED 

 

Existing Ground Level: 

The following ground conditions have been assumed based on historical Ground 
Investigation and driven LiDAR survey. 

 

 

 
 
 
 
 
 

(1) Ground level is assumed to be at the crest of the cutting. 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

Stratum 
Depth to 

Base (mbgl) 
Depth to Base 

(mAOD) 

SPT ‘N’ 
Value 

Range* 

River Terrace Deposits  5.61 29.00 67-68 (67) 

Mercia Mudstone – III-IV <10mbgl 10.00 24.61 - 

Mercia Mudstone – III-IV >10mbgl >10.00 <24.61 - 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken in exploratory holes SK43SE25. 

Groundwater: 

Groundwater strike are presented in the table below: 

 

 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

SK43SE25 
River Terrace 

Deposits 
2.13 33.27 - 1.52 33.88 

Groundwater Design Level: 

Limited local groundwater level is available and therefore a design groundwater level of 1.0m 
below ground level throughout cutting has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

No geotechnical laboratory testing data is available between chainage 191560-191570. 

Lab Test Data – BRE Classification: 

No chemical testing data is available between chainage 191560-191570. 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000016 – HA549342-AMAR-HGT-SWI-DR-CE-000042 and 
Section 5 of the GIR HA549342-AMAR-HGT-SWI-RP-CE-000002. 

 The below table outlines the assumed anticipated ground model: 
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River Terrace Deposits  0 –5.61 34.61 – 29.00 5.61 20 38 - - - 43.0 - - 0.35 - 

DS-3 

AC-3 

Mercia Mudstone – III/IV <10mbgl  5.61-10.00 29.00 – 24.61 4.39 21 30 2 100 10.8 8.6 - 0.50 0.20 - 

DS-2 

AC-2 

Mercia Mudstone – III/IV >10mbgl >10.00 <24.61 - 21 30 2 150 16.8 13.4 - 0.50 0.20 - 

DS-2 

AC-2 

(1)  This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Stratum types and depths are derived from the interpreted geological long section. 

(3) Due to limited localised GI data, typical values for bulk density, ϕ', cohesion, and Poisson’s ratio derived in the AMAR GIR are used. 

(4) Due to limited localised GI data, E’ for River Terrace deposits have been based on values derived from the AMAR GIR. 

(5) Due to limited localised GI data, Eu and E’ for Mercia Mudstone have been based on values derived from the AMAR GIR. 

(6) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for River Terrace Deposits and Mercia Mudstone-III/IV, the classification used for the strata in the AMAR GIR 

was adopted. 
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Figure 5 : Geological Long Section  
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

GEOTECHNICAL DESIGN CONCLUSIONS 

Start 
Chainage 

End 
Chainage 

Widening Solution 

191560 191570 Full Height Regrade 1:3.0 
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‘Just In Time’ Validation Ground Investigation has not been proposed at this location. 

 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-192030-192080SB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 192030-192080SB 

Carriageway Southbound 

Marker Post 192/0+30 – 192/0+80 

National Grid Reference E 447275, N 334083 – E 447264, N 334130 

Existing Ground Level at 
Location 

Carriageway 37.5-38.4mAOD 

Toe of embankment 35.6-35.9mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_22149 HAGDMS designation   

Maximum Earthwork 
Height 

NB: N/A SB: 1.9-2.8m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: N/A SB: 27o 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 

 
Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Granular Wedge at Embankment Crest (1:2.0) 

Proposed Major Structures:   

N/A 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at the location is classified as an 
embankment. The embankment varies in height from 1.9-2.8m with a typical slope gradient of 
27°. 

The critical cross section Ch192080 was chosen based on the granular wedge with the greatest 
vertical height. 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-192030-192080SB-GSS-CE-000001 Page 3 of 15 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

Figure 2: Topographic Critical Cross Section Ch192080 

Utilities:  

An overhead mid voltage Western Power cable is present at the embankment crest running 
parallel to the carriageway along the entirety of the chainage extents. 

 

 

Figure 3: Utilities Location Plan 
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Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Beeston Sand and Gravel Member (Glaciofluvial Deposits) 

Solid Deposits: Gunthorpe Member (Mercia Mudstone) 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, however 1 no. 
relevant exploratory holes was considered was considered outside the design chainage as 
shown on Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000037 
Rev P01. 

 

  

Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 
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Historical Boreholes: 

 Relevant Borehole 
Number 

SK43SE286  

 Borehole Chainage 192122  

 Borehole Location Adjacent housing estate  

 National Grid 
Reference 

E 447300, N 334190  

 Ground Level at 
Exploratory Hole 

36.27mAOD (metres above Ordnance Datum)  

 Date Drilled 18/11/1975  

 Termination Depth 11.00mbgl (metres below ground level)  

 Hole Category Amber  

 

Other suitable holes  None 
 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data. 

 
 

Stratum Depth to Base (mbgl) Depth to Base (mAOD) 

 
SPT (N) Value 

Embankment Fill  2.9 35.5 -- 

Glaciofluvial Deposits (fine 
grained) 

3.3 35.1 -- 

Glaciofluvial Deposits (coarse 
grained) 

6.7 31.7 16-21 (16) 

Mercia Mudstone – III/IV Not proven Not proven -- 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory hole 
SK43SE286. 

Groundwater: 

The following groundwater strikes were recorded in the historical exploratory holes: 

 SK43SE286 – Groundwater strike at 2.50mbgl (33.77mAOD) within the Glaciofluvial 
Deposits. 
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Groundwater Design Level: 

Due to the lack of local groundwater level available, a design groundwater level 1.0m below 
toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

No local geotechnical lab data was available. 

Lab Test Data - BRE Classification: 

No local chemical lab data was available. 
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Assumed Ground Model For Design: 

Ground model based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-CE-000037 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002, Rev P01. 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0-2.9 38.4-35.5 2.9 21 27 0 100 7.8 6.2 - 0.50 0.20 - 

DS-2 

AC-2 

Glaciofluvial Deposits (fine 

grained) 
2.9-3.3 35.5-35.1 0.4 21 26 0 150 10.8 6.2 - 0.50 0.20 - 

DS-3 

AC-3 

Glaciofluvial Deposits (coarse 

grained) 
3.3-6.7 35.1-31.7 3.4 21 32 - - - 26.4 - - 0.25 - 

DS-3 

AC-3 

Mercia Mudstone – III/IV >6.7 >31.7 - 21 30 2 100 10.8 8.6 - 0.50 0.20 - 

DS-2 

AC-2 

 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local GI data, the ϕ', cu, Eu and E’ of Embankment Fill, Glaciofluvial Deposits (fine grained) and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
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(4) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7
th
 Edition). For a conservative SPT ‘N’ 

value of 16, ϕ' was found to be 32
o
. 

(5) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a conservative SPT ‘N’ value of 16, E’ = 26.4MN/m

2
. 

(6) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata’s, the classification used for the strata in the AMAR GIR was adopted. 

 

 
 

 

 

 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-192030-192080SB-GSS-CE-000001 Page 10 of 15 

 UNCONTROLLED IF COPIED OR PRINTED 

 

 

 

Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

  

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

186800 186830 
Granular Wedge at 

Embankment Crest (1:2.0) 

2.40 27 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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The following additional GI will be undertaken within 100m of the chainage extents: 

 BH-G319, Ch192101 - 30m deep dynamic sample / rotary follow on exploratory hole, 
located in southbound existing grass verge. 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192030-192080SB

Client: Highways England Borehole ID:

Page 1 of 1

 SPT N Value vs Depth

SK43SE286

Rev: P01        Date: 13/02/2017 Ref:  HA549342-AMAR-HGT-192030-192080SB-GSS-CE-000001
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-192090-192520-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number Gantry 320 

Structure Type Supercantilever Gantry 

Design Chainage 192090-192520 

Carriageway Southbound 

Marker Post 192/0+90 – 192/5+20 

National Grid Reference E 447260, N 334142 – E 447169, N 334558 
Existing Ground Level at 
Location 

Carriageway 43.0 – 45.4mAOD 
Toe of Embankment 37.0 – 37.2mAOD  

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: N/A HAGDMS designation   
Maximum Earthwork 
Height NB: N/A SB: 6.0-8.2m 

From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: N/A SB: 26o  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

1 Structure numbers in accorda
HA549342-AMAR-HML-MLC-DR-CH-000025 
 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
location. Where no local data exists, generalised information for each strata has been taken from the 
AMAR GIR. 
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DESK STUDY 

 
 
 
Figure 1.1: Location Plan 1 of 2 

 
 
 
Figure 1.2: Location Plan 2 of 2 
 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

• King Sheet Pile Retaining Wall 
o Ch192090-192140, maximum retained height 2.0m; 
o Ch192140-192190, maximum retained height 3.9m; 
o Ch192190-192250, maximum retained height 3.1m; 
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o Ch192250-192260, maximum retained height 2.0m; 
o Ch192260-192300, maximum retained height 3.1m; 
o Ch192300-192370, maximum retained height 3.9m; 
o Ch192370-192400, maximum retained height 3.1m. 
o Ch192400-192480, maximum retained height 2.4m 
o Ch192480-192520, maximum retained height 2.5m. 

Proposed Major Structures:   
A new Super Cantilever Gantry structure (Gantry 320), is proposed at Ch.192285. 

Topography:  
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that the earthwork at the 
location is classified as an embankment. Two ground models have been produced due to 
the varying ground conditions between Ch192090-192520, the topographic survey recorded 
the following embankment geometries: 

• Ch192090-192400 – 2.8-7.0m height and typical 26° slope gradient; 
• Ch192400-192520 – 7.0-8.2m height and typical 26° slope gradient. 

The critical cross sections at chainage at ch192250, 192270, 192330 and 192520 are based 
on the sections with the greatest retained height. 

 
Figure 2.1: Topographic Critical Cross Section Ch192400 for a maximum retained height of 
2.0m 
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Figure 2.2: Topographic Critical Cross Section Ch192270 for a maximum retained height of 
3.1m 

 
Figure 2.3: Topographic Critical Cross Section Ch192330 for a maximum retained height of 
3.9m 
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Figure 2.4: Topographic Critical Cross Section Ch19252 for a maximum retained height of 
2.5m and due to change in ground conditions. 

 

Utilities:  
Western Power Overhead Mid Voltage cable present at embankment crest Ch192090-
192520. 

 

 

Figure 3: Utilities location plan. 

 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Beeston Sand and Gravel Member (Glaciofluvial Deposits) 
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Solid Deposits: Gunthorpe Member (Mercia Mudstone) 

Ground Investigation: 
There are 4 No. historical exploratory holes recorded within the design chainage, with 
additional 3 no. relevant exploratory holes considered outside the design chainage as shown 
on Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000037, Rev 
P01.  

Figure 4: Borehole Location Plan  

Flood Risk: 
The earthwork is not located in an area where flooding is a risk. 

 
Historical Boreholes: 

 Relevant 
Borehole 
Number 

NWHM66 SK43SE2
86 

CP1113 HIS0023  

 Borehole 
Chainage 

192298 192128 192199 192513  

 Borehole 
Location 

Southbound Southboun
d 

Northboun
d 

Northbound  

 National Grid 
Reference 

E 447207, N 
334342 

E 447300, 
N 334190 

E 447196, 
N 334236 

E 447137, N 
334548 

 

 Ground Level at 
Exploratory 
Hole 

42.62mAOD 36.27mAO
D 

40.05mOA
D 

39.20mAOD  

 RAG Analysis Green Amber Green Green  

 Date Drilled 04/09/1999  18/11/197
5 

03/11/2006
-06/11-
2006 

23/06/1964– 
29/06/1964 
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 Termination 
Depth 

15.00mbgl  11.00mbgl 14.60mbgl 18.59mbgl  

 

Other suitable 
holes  

CP1115, HIS0025, HIS0026 
 

 

 

 

 

 

 

 

 

 

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and 
driven LiDAR Survey. Two ground models have been produced due to the 
varying ground conditions between Ch192090-192520. 

Ground conditions: 192090-192400 

 
 

Stratum Depth to Base (mbgl) Depth to Base (mAOD) 
 

SPT (N) Value 

Embankment Fill  7.1 37.0 7-150 (19) 

Glaciofluvial Deposits (coarse 
grained) 10.9 33.2 15-49 (15) 

Mercia Mudstone – III/IV - - 21-150 (28) 
(1) Ground level is assumed to be at carriageway level. 
(2) Note that the Embankment height will vary per location analysed, therefore the above elevation/depth of Embankment Fill may vary. 
(3) Maximum ‘N’ Value capped at 150. Characteristic SPT ‘N’ values are given in brackets. 
(4) Although Mercia Mudstone – I/II was recorded at depth within some historical exploratory holes, as a conservative measure given 

the uncertainty in ground conditions, only Mercia Mudstone – III/IV has been used in the ground model. This is pertinent 
considering that Mercia Mudstone is modelled as a soil rather than a rock in geotechnical analyses. SPT ‘N’ values derived in 
Mercia Mudstone – I/II were not used for derivation of soil parameters. 

 
 
Ground conditions: 192400-192520 
 

Stratum Depth to Base (mbgl) Depth to Base (mAOD) 
 

SPT (N) 
Value 

Embankment Fill  8.2 37.2 7-150 (19) 

Head Deposits 10.0 35.4 10-23 (10) 

Glaciofluvial Deposits (fine 
grained) 11.6 33.8 29 (29) 

Mercia Mudstone – III/IV - - 21-150 (28) 
(1) Ground level is assumed to be at carriageway level. 
(2) Note that the Embankment height will vary per location analysed, therefore the above elevation/depth of Embankment Fill may vary. 
(3) Maximum ‘N’ Value capped at 150. Characteristic SPT ‘N’ values are given in brackets. 
(4) Depths to base are derived from topographic data for Embankment Fill, and from historical exploratory hole CP1115 for natural 

strata 
(5) Although a 0.8m layer of Glaciofluvial Deposits (coarse grained) was recorded in historical exploratory hole CP1115 at 35.4-

34.9mAOD, this has been modelled as Glaciofluvial Deposits (fine grained) as a conservative measure given the uncertainty in 
local ground conditions. 
 

In Situ Testing: 
Standard Penetration Tests (SPT’s) were undertaken in boreholes CP1113, CP1115, 
HIS0023, HIS0025, HIS0026, NWHM66 and SK43SE286. 
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Groundwater: 
The following groundwater strikes were recorded in the historical exploratory holes: 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 
m bgl m AOD Time m bgl m AOD 

HIS0023  1.98 37.22 - 1.52 37.68 
HIS0025  3.05 35.55 - 2.13 36.47 
HIS0026  1.52 36.68 - 1.22 36.98 
NWHM66  14.80 27.82 - - - 

SK43SE286  2.50 33.77 - - - 

Groundwater Design Level: 
A groundwater level of 1.0m below toe of embankment has been assumed for WALLAP 
analysis for king and intermediate sheet piles. When checking the global stability check of 
the earthwork and king and intermediate sheet pile (analysed using SLOPE W) an Ru 
value of 0.2 for has been used for all strata.  
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
9 No. Atterberg Limit Tests and 9 No. Moisture Content Tests were undertaken within 
historical exploratory holes with the following results: 

Stratum Depth to 
Top of Test 

(mbgl) 

Natural 
Moisture 
Content 

(%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index 
(%) 

Plasticity 
Class 

Embankment 
Fill 2.7 19.17 33 16 17 CL 

Embankment 
Fill 4.0 11.76 36 14 22 CL 

Embankment 
Fill 4.7 15.52 31 13 18 CL 

Head 
Deposits 6.7 11.93 26 14 12 CL 

Head 
Deposits 8.7 20.34 46 17 29 CI 

Glaciofluvial 
Deposits 

(fine grained) 
4.5 16.19 39 19 20 CI 

Glaciofluvial 
Deposits 

(fine grained) 
11.8 18.74 34 17 17 CL 

Mercia 
Mudstone – 

III/IV 
12.5 27.0 36 19 17 CL 

Mercia 
Mudstone – 

III/IV 
13.5 16.99 40 17 23 CI 

 
31 No. undrained triaxial tests were undertaken with the following results: 
 

Stratum Depth to Top of 
Test (mbgl) 

Undrained Shear 
Strength (kN/m2) 

Embankment Fill 3.50 139 

Embankment Fill 6.20 138 

Embankment Fill 2.20 116 

Head Deposits 1.20 60 

Head Deposits 0.90 115 

Head Deposits 0.50 77 
Glaciofluvial Deposits 

(fine grained) 
2.74 55 

Glaciofluvial Deposits 
(fine grained) 

4.27 127 

Glaciofluvial Deposits 
(fine grained) 

2.44 60 

Mercia Mudstone – 
III/IV 

5.79 172 

Mercia Mudstone – 
III/IV 

11.89 151 

Mercia Mudstone – 
III/IV 

13.41 180 
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Mercia Mudstone – 
III/IV 

10.36 302 

Mercia Mudstone – 
III/IV 

7.32 110 

Mercia Mudstone – 
III/IV 

8.84 172 

Mercia Mudstone – 
III/IV 

10.82 110 

Mercia Mudstone – 
III/IV 

12.34 180 

Mercia Mudstone – 
III/IV 

5.03 79 

Mercia Mudstone – 
III/IV 

13.87 172 

Mercia Mudstone – 
III/IV 

9.30 103 

Mercia Mudstone – 
III/IV 

6.25 103 

Mercia Mudstone – 
III/IV 

7.77 62 

Mercia Mudstone – 
III/IV 

15.39 117 

Mercia Mudstone – 
III/IV 

6.10 165 

Mercia Mudstone – 
III/IV 

4.57 91 

Mercia Mudstone – 
III/IV 

7.62 134 

Mercia Mudstone – 
III/IV 

18.29 144 

Mercia Mudstone – 
III/IV 

9.14 110 

Mercia Mudstone – 
III/IV 

17.07 144 

Mercia Mudstone – 
III/IV 

15.54 53 

Mercia Mudstone – 
III/IV 

10.67 153 
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Lab Test Data – BRE Classification: 

Stratum Determinand Solid/Water No. of 
Tests 

Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid 1 0.08 %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water 2 1.7 g/l SO4 

Embankment Fill pH Solid 5 7.8 – 8.6 - 

Head Deposits Sulphate (Total) 
as SO4 

Solid 4 0.04 %SO4 

Head Deposits pH Solid 4 7.0 – 7.2 - 

Glaciofluvial 
Deposits (fine 
grained) 

Sulphate (Total) 
as SO4 

Solid 3 0.01 – 0.37 %SO4 

Glaciofluvial 
Deposits (fine 
grained) 

Water Soluble 
Sulphate as SO4 

Water 1 0.05 g/l SO4 

Glaciofluvial 
Deposits (fine 
grained) 

pH Solid 3 4.6 – 7.0 - 

Mercia 
Mudstone – 
III/IV 

Sulphate (Total) 
as SO4 

Solid 17 0.02 – 0.25 %SO4 

Mercia 
Mudstone – 
III/IV 

Water Soluble 
Sulphate as SO4 

Water 3 0.18-0.55 g/l SO4 

Mercia 
Mudstone – 
III/IV 

pH Solid 17 7.2 – 8.4 - 
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Assumed Ground Model For Design (192090-192400): 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000037 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground 
Investigation: 
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K
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N
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N
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B
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n 

Eu E’ E Vu ν’ ν 

Embankment Fill 0.0 – 7.1 
44.1 

– 
37.0 

7.1 21 26 0 95 7.5 6.0 - 0.5 0.2 - 2.50 0.47 - 6.2* - 
DS-2 
AC-2 

Glaciofluvial 
Deposits (coarse 

grained) 

7.1 – 
10.9 

37.0 
– 

33.2 
3.8 21 32 - - - 25.2 - - 0.25 - 10.08 - 1.0 - 50 

DS-3 
AC-3 

Mercia 
Mudstone – III/IV 

>10.9 <33.2 - 21 26 2 140 10.2 8.2 - 0.5 0.2 - 3.42 0.40 - 9 - 
DS-2 
AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Note that the Embankment height will vary per location analysed, therefore the above elevation/depth of Embankment Fill may vary. 
(3) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(4) ϕ' of Embankment Fill was determined using Table 2 in BS8002:2015 using the recorded PI of 22% gives 26°. 
(5) cu of Embankment Fill  was derived using the Stroud correlation. The recorded PI of 22% gives an f1 value of 5, using a recorded SPT of 19, Cu= 95kN/m2. 
(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 19, Eu = 7.5MN/m2. Therefore E’ = 

6.0MN/m2. 
(7) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7th Edition). For a conservative SPT ‘N’ value 

of 15, ϕ' was found to be 32o. 
(8) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5th Edition). Therefore for a conservative SPT ‘N’ value of 15, E’ = 25.2MN/m2. 
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(9) ϕ' of Mercia Mudstone – III/IV was determined using Table 2 in BS8002:2015 using the recorded PI of 23% gives 26°. 
(10) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. A recorded PI of 23% gives an f1 value of 5.0, with a characteristic SPT of 28, cu= 140kN/m2. 
(11) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 28, Eu = 10.2MN/m2. 

Therefore E’ = 8.2MN/m2. 
(12) Adhesion was based on equation 41 of BS8004 (2015). 
(13) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(14) Ks/K0 is presumed to be 1.0 for a bored pile (see Tomlinson and Woodward Table 4.10). 
(15) Nq is based on relationship with ϕ’ as shown in Tomlinson (Table 7.1). For sandstone, Nq is derived based on a very dense siliceous cohesionless soil (Tomlinson Table 7.1). 
(16) BRE Classification is determined using criteria set out in BRE Special Digest 1. . In the absence of BRE test data for Glaciofluvial Deposits, the classification used for the strata in the AMAR GIR was adopted. 

Assumed Ground Model For Design (192400-192520): 
Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000037 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground 
Investigation: 
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Embankment Fill 0.0-8.2 
45.4-
37.2 8.2 21 26 0 95 7.5 6.0 - 0.5 0.2 - 

DS-2 
AC-2 

Head Deposits  8.2-10.0 
37.2-
35.4 1.8 20 24 0 45 4.8 3.8 - 0.5 0.2 - 

DS-1 
AC-1 

Glaciofluvial 
Deposits (fine 

grained) 
10.0-11.6 

35.4-
33.8 1.6 21 26 0 160 10.5 8.4 - 0.5 0.2 - 

DS-3 
AC-3 

Mercia 
Mudstone – III/IV 

>11.6 <33.8 - 21 26 2 140 10.2 8.2 - 0.5 0.2 - 
DS-2 
AC-2 
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(17) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 
(18) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 
(19) ϕ' of Embankment Fill was determined using Table 2 in BS8002:2015 using the recorded PI of 22% gives 26°. 
(20) cu of Embankment Fill  was derived using the Stroud correlation. The recorded PI of 22% gives an f1 value of 5, using a recorded SPT of 19, Cu= 95kN/m2. 
(21) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 19, Eu = 7.5MN/m2. Therefore E’ = 

6.0MN/m2. 
(22) ϕ' of Head Deposits was determined using Table 2 in BS8002:2015 using the recorded PI of 29% gives 24°. 
(23) cu of Head Deposits  can be derived using the Stroud correlation. Assuming a PI of 29% gives an f1 value of 4.5, using a characteristic SPT ‘N’ value of 10, Cu= 45kN/m2. 
(24) E’ of Head Deposits was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the characteristic SPT ‘N’ value of 10, Eu = 4.8MN/m2. Therefore E’ = 3.8MN/m2. 
(25) ϕ' of Glaciofluvial Deposits (fine grained) was determined using Table 2 in BS8002:2015 using the recorded PI of 20% gives 26°. 
(26) cu of Glaciofluvial Deposits (fine grained) was derived using the Stroud correlation. Using the recorded PI of 20% gives an f1 value of 5.5, using a recorded SPT ‘N’ value of 29, Cu= 160kN/m2. 
(27) E’ of Glaciofluvial Deposits (fine grained) is based relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the recorded SPT ‘N’ value of 29, Eu = 10.5MN/m2. 

Therefore E’ = 8.4MN/m2. 
(28) ϕ' of Mercia Mudstone – III/IV was determined using Table 2 in BS8002:2015 using the recorded PI of 23% gives 26°. 
(29) cu of Mercia Mudstone – III/IV was derived using the Stroud correlation. A recorded PI of 23% gives an f1 value of 5.0, with a characteristic SPT of 28, cu= 140kN/m2. 
(30) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the characteristic SPT ‘N’ value of 28, Eu = 10.2MN/m2. 

Therefore E’ = 8.2MN/m2. 
(31) BRE Classification is determined using criteria set out in BRE Special Digest 1. . In the absence of BRE test data for Head Deposits and Glaciofluvial deposits, the classification used for the strata in the AMAR GIR was 

adopted. 
 

Imported Granular Fill (Class 6N) was used in the design of king and intermediate sheet piles in embankments; the granular material was assumed to 
have the following properties: 

 

Stratum 
Bulk Density γb  

(kN/m3) 
Friction Angle φ’ 

 (°) 
Young’s Modulus E’  

(MN/m2) 
Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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 Figure 4.1: Geological Long Section 1 of 2 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4.2: Geological Long Section 2 of 2 
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Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to restrictions due to the 
highway boundary, this solution was not viable. A retaining wall is recommended as the 
earthwork widening solution: 
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192090 192140 King 

AZ-36 

S 390 

GP 

2.0 6.0 8.0 87 69 21 77.5 

192150 192190 
Continuous 

Sheet 

AZ-50 

S 390 

GP 

3.9 9.1 13 88 63 76.0 371.6 

192190 192250 King 

AZ-36 

S 390 

GP 

3.1 7.9 11.0 89 60 49.0 232.2 

192250 192260 King 

AZ-36 

S 390 

GP 

2.0 6.0 8.0 87 69 21.0 77.5 

192260 192300 King 

AZ-36 

S 390 

GP 

3.1 7.9 11.0 89 60 49.0 232.2 

192300 192370 
Continuous 

Sheet 

AZ-50 

S 390 

GP 

3.9 9.1 13 88 63 76.0 371.6 

192370 192400 King 

AZ-36 

S 390 

GP 

3.1 7.9 11.0 89 60 49.0 232.2 

192400 192480 King 

AZ-36 

S 390 

GP 

2.4 9.6 12.0 86 74 33.0 129.1 

192480 192520 King 

AZ-36 

S 390 

GP 

2.3 9.7 12.0 86 74 33.0 129.1 

GEOTECHNICAL DESIGN CONCLUSIONS 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 

Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile Spacing 
– Centre to 
Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending Moment 

(kNm) 
Pile Working 

Load (kN) 

4 
(2x2) 

900 12.5 2.7 4 451 1779 
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Additional GI for this location will be undertaken to confirm ground conditions. The following 
is scheduled: 

• BH-G320 at chainage 192290, Southbound - 18m deep dynamic sample / rotary core 
follow on exploratory hole, located in southbound existing hardstrip.  

• BH-CPT-11 at chainage 192344 - 5m deep CPT exploratory hole, located in 
southbound grass verge using excavator mounted equipment. 

• BH-CPT-12 at chainage 192502 - 5m deep CPT exploratory hole, located in 
southbound grass verge using excavator mounted equipment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192090-192520SB
Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

CP1113, CP1115, HIS0023, HIS0025, HIS0026, NWHM66, SK43SE286

Rev: P01        Date: 12/01/2017 Ref:  HA549342-AMAR-HGT-192090-192520SB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192090-192520SB
Client: Highways England Borehole ID:

Key
CL - Clay_Low Plasticity ML - Silt_Low Plasticity
CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity
CH - Clay_High Plasticity MH - Silt_High Plasticity
CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity
CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1113, CP1115, NWHM66
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192090-192520SB
Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

CP1113, CP1115, HIS0023, HIS0025, HIS0026, NWHM66, SK43SE286
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-192560-192710SB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Embankment Widening (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 192560-192710 

Carriageway Southbound 

Marker Post 192/5+60 – 192/7+10 

National Grid Reference E 447166, N 334587 – E 447163, N 334746 

Existing Ground Level at 
Location 

Carriageway 45.7mAOD 

Toe of embankment 39.5mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_21148 HAGDMS designation   

Maximum Earthwork 
Height 

NB: N/A SB: 6.2m 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Typical Earthwork Angle NB: N/A SB: 27o  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR. 
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DESK STUDY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.1: Location Plan 1 of 2 – 192560-192600 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1.2: Location Plan 2 of 2 – 192600-192710 
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Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch192560-192710 – Full Height Embankment Widening (1:2.0) 

Proposed Major Structures:   

N/A 

Topography:  

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the earthwork at the location is classified as an 
embankment. The embankment reduces in height from 6.2m in the south to 4.3m in the north of 
the extents with a proposed slope gradient of 1V:2H. 

The cross section with the greatest earthwork height is used as the critical cross section at 
Ch192560. 

 

Figure 2: Topographic Critical Cross Section Ch192560 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough indicates that the site is underlain by: 

Superficial Deposits: Head Deposits 

Solid Deposits: Gunthorpe Member (Mercia Mudstone) 
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Ground Investigation: 

There are 2 No. historical exploratory holes recorded within the design chainage, with additional 
4 no. relevant exploratory holes considered outside the design chainage as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1: Borehole Location Plan 1 of 2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2: Borehole Location Plan 2 of 2 
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Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

HIS0026  

 Borehole Chainage 192546  

 Borehole Location Southbound verge  

 National Grid 
Reference 

E 447168, N 334584  

 Ground Level at 
Exploratory Hole 

38.2mAOD (above Ordnance Datum)  

 RAG Analysis Green  

 Date Drilled 06/07/1964 – 08/07/1964  

 Termination Depth 18.89m below ground level (mbgl)  

 

Other suitable holes  HIS0023, HIS0025, CP1115, TP1114 
 

 

 

 

 

 

  

 

Existing Ground Conditions: 

 

The following ground conditions are assumed based on previous GI data and driven 
LiDAR survey data. 

 
 

Stratum Depth to Base (mbgl) Depth to Base (mAOD) 

 
SPT (N) Value 

Embankment Fill  6.2 39.5 19-28 (19) 

Head Deposits 9.9 35.8 10-23 (10) 

Glaciofluvial Deposits (coarse 
grained) 

11.9 33.8 15-32 (15) 

Mercia Mudstone – III/IV Not proven Not proven 25-28 (25) 

(1) Ground level is assumed to be at the carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

SPT capped at 150. Characteristic ‘N’ Values are given in brackets 

(3) 2 No. SPTs were undertaken within Mercia Mudstone – Siltstone and experienced refusal; these have not been considered further. 

(4) Mercia Mudstone – Siltstone was recorded in CP1115 and Mercia Mudstone – Sandstone was recorded in HIS0025, both at depth 

beneath Mercia Mudstone – III/IV. Given that the closest historical exploratory hole HIS0026 does not contain these strata, they have been 

excluded from the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPT’s) were undertaken in historical exploratory holes HIS0023, 
HIS0025, HIS0026 and CP1115. 
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Groundwater: 

The following groundwater strikes were recorded in the historical exploratory holes: 

 

 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 

m bgl m AOD Time m bgl m AOD 

HIS0023 Head Deposits 1.92 37.22 - 1.52 37.68 

HIS0025 Glaciofluvial Deposits 
rising into Head 

Deposits 

3.05 35.55 - 2.13 36.47 

HIS0026 Head Deposits 1.52 36.68  1.22 36.98 

Groundwater Design Level: 

Due to the lack of local groundwater data available, a design groundwater level of 1.0m below 
toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

6 No. Atterberg Limit Tests and 6 No. Moisture Content Tests were undertaken within historical 
exploratory holes with the following results: 

Stratum Depth to Top 
of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index 
(%) 

Plasticity 
Class 

Embankment 

Fill 
1.30 23 46 15 31 CI 

Embankment 

Fill 
2.70 19 33 16 17 CL 

Head 

Deposits 
3.80 20 33 13 20 CL 

Embankment 

Fill 
4.70 16 31 13 18 CL 

Head 

Deposits 
6.70 12 26 14 12 CL 

Head 

Deposits 
8.70 20 46 17 29 CI 

 
30 No. undrained triaxial tests were undertaken with the following results: 
 
 

Stratum 
No. of 
tests 

Undrained Shear 
Strength Range 

(kN/m
2
) 

Embankment Fill 2 116-138 

Head Deposits 3 60-115 

Glaciofluvial Deposits 3 55-127 

Mercia Mudstone – 
III/IV 

22 
53-302 

 
 
 
 
 

Lab Test Data -  BRE Classification: 

The table below presents the chemical test data undertaken within the exploratory holes: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Embankment Fill Sulphate (Total) 
as SO4 

Solid - - %SO4 

Embankment Fill Water Soluble 
Sulphate as SO4 

Water - - g/l SO4 

Embankment Fill pH Solid 1 8.5 - 

Head Deposits Sulphate (Total) 
as SO4 

Solid 4 0.04 %SO4 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-192560-192710SB-GSS-CE-000001 Page 8 of 26 

 UNCONTROLLED IF COPIED OR PRINTED 

 

Head Deposits Water Soluble 
Sulphate as SO4 

Water - - g/l SO4 

Head Deposits pH Solid 5 7.2-8.5 - 

Glaciofluvial 
Deposits 

Sulphate (Total) 
as SO4 

Solid 3 0.01-0.37 %SO4 

Glaciofluvial 
Deposits 

Water Soluble 
Sulphate as SO4 

Water 1 0.05 g/l SO4 

Glaciofluvial 
Deposits 

pH Solid 3 7.0-7.2 - 

Mercia Mudstone 
– III/IV 

Sulphate (Total) 
as SO4 

Solid 17 0.02-0.25 %SO4 

Mercia Mudstone 
– III/IV 

Water Soluble 
Sulphate as SO4 

Water 3 0.18-0.55 g/l SO4 

Mercia Mudstone 
– III/IV 

pH Solid 20 4.6-8.4 - 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000037 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground 
Investigation: 

S
tr

a
tu

m
 

D
e
p

th
 (

m
 b

g
l)
 

D
e
p

th
 (

m
 A

O
D

) 

T
h

ic
k
n

e
s
s
 (

m
) 

B
u

lk
 D

e
n

s
it

y


b
 (

k
N

/m
3
) 

F
ri

c
ti

o
n

 A
n

g
le

’ 

(°
) 

C
o

h
e

s
io

n
 c

’ 
(k

N
/m

2
) 

U
n

d
ra

in
e
d

 S
h

e
a
r 

S
tr

e
n

g
th

 

c
u

 (
k
N

/m
2
) 

Young’s Modulus 
(MN/m

2
) Poisson’s Ratio 

B
R

E
 C

la
s
s
if
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a
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o
n
 

Eu E’ E Vu ν’ ν 

Embankment Fill 0-6.2 45.7-39.5 6.2 21 27 0 115 7.5 6.0 - 0.50 0.20 - 
DS-2 

AC-2 

Head Deposits 6.2-9.9 39.5-35.8 3.7 20 27 0 75 4.8 3.8 - 0.50 0.20 - 
DS-1 

AC-1 

Glaciofluvial Deposits (coarse 

grained) 
9.9-11.9 35.8-33.8 2.0 21 32 - - - 25.2 - - 0.25 - 

DS-2 

AC-2 

Mercia Mudstone – III/IV >11.9 <33.8 - 21 30 2 110 9.3 7.4 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Given the limited amount of local PI data, the ϕ' of Embankment Fill, Head Deposits and Mercia Mudstone – III/IV was taken as the characteristic value given in the AMAR GIR. 
(4) cu of Embankment Fill, Head Deposits and Mercia Mudstone – III/IV  was determined based on recorded undrained triaxial tests and cu derived using the Stroud correlation. Due to the limited amount of local PI data, a typical 

f1 value of 5.0 was used. 

(5) ϕ' of Glaciofluvial Deposits (coarse grained) was determined using the relationship between SPT ‘N’ value and ϕ' (Peck 1989, from Tomlinson Foundation Design and Construction 7
th
 Edition). For a conservative SPT ‘N’ value 

of 15, ϕ' was found to be 32
o
. 

(6) E’ of Embankment Fill was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the conservative SPT ‘N’ value of 19, Eu = 7.5MN/m
2
. Therefore E’ = 6.0MN/m

2
. 

(7) E’ of Head Deposits was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); using the conservative SPT ‘N’ value of 10, Eu = 4.8MN/m
2
. Therefore E’ = 4.8MN/m

2
. 

(8) E’ of Glaciofluvial Deposits (coarse grained) was based on the relationship where E’= 1200 (N+6) for sands and gravels (from Bowles 5
th
 Edition). Therefore for a conservative SPT ‘N’ value of 15, E’ = 25.2MN/m

2
. 

(9) E’ of Mercia Mudstone – III/IV was based on the relationship by Wroth (1972) where E’ = 2/3 (1+v)Eu. Eu = 300(N+6) as shown in Bowles (1988); therefore using the conservative SPT ‘N’ value of 25, Eu = 9.3MN/m
2
. 
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Therefore E’ = 7.4MN/m
2
. 

(10) BRE Classification is determined using criteria set out in BRE Special Digest 1. Due to the limited available BRE test data for Embankment Fill and Head Deposits, the classification used for the strata in the AMAR GIR was 

adopted 
 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4.1: Geological Long Section 1 of 2 
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Figure 4.2: Geological Long Section 2 of 2 
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Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

192560 192710 
Full Height Embankment 

Widening (1:2.0) 

5m 26.6 (1V:2H) 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
  

GEOTECHNICAL DESIGN CONCLUSIONS 
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‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

 BH-CPT-12, Ch192502, Southbound - 5m deep CPT exploratory hole, location in 
southbound grass verge using excavator mounted equipment.  

 BH-R-SB2-800y, Ch192722, Southbound - 13m deep dynamic sample / rotary core 
follow on exploratory hole, located in southbound existing hardstrip.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
 

 

Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: 192560-192710SB

Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown

Page 1 of 1

 SPT N Value vs Depth

HIS0023, HIS0025, HIS0026, CP1115

Rev: P01        Date: 08/02/2017 Ref:  HA549342-AMAR-HGT-192560-192710SB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: Ch192560-192710SB

Client: Highways England Borehole ID:

Key

CL - Clay_Low Plasticity ML - Silt_Low Plasticity

CI - Clay_Intermediate Plasticity MI - Silt_Intermediate Plasticity

CH - Clay_High Plasticity MH - Silt_High Plasticity

CV - Clay_Very High Plasticity MV - Silt_Very High Plasticity

CE - Clay_ Extremely High Plasticity ME - Silt_Extremely High Plasticity

Page 1 of 1

A Line Plot

CP1115, TP1114

Rev: P01        Date: 09/02/2017 Ref:  HA549342-AMAR-HGT-Ch192560-192710SB-GSS-CE-000001
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Project ID: HA549342 Project Title: SMP - M1 J23A TO J25 Data Sheet: Ch192560-192710SB

Client: Highways England Borehole ID:

Page 1 of 1

 Undrained Shear Strength vs Elevation

CP1115, HIS0023, HIS0025, HIS0026

Rev: P01        Date: 23/02/2016 Ref:  HA549342-AMAR-HGT-Ch192560-192710SB-GSS-CE-000001
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-192710-192840-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 192710-192840 

Carriageway Southbound 

Marker Post 192/7B+10 – 192/8B+40 

National Grid Reference E 447158, N 334747 – E 447161, N 334875 
Existing Ground Level at 
Carriageway 

Carriageway 45.5mAOD 
Toe of Embankment 39.5mAOD 

Earthwork Type NB: N/A SB: Embankment HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_221148 & 
7_M1_22180 

HAGDMS designation   

Earthwork Height NB: N/A SB: 5.7-6.0m HAGDMS designation   

Earthwork Angle NB: N/A SB: 23° From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 
 

 

 

 

 
 
 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 

 

 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been proposed: 

• A king sheet pile retaining wall, situated on the southbound carriageway was proposed. The 
king sheet pile wall varies in retained height across its extents; therefore it was subdivided 
into the following sections for design and construction purposes: 

o Ch192720-192770 – retained height up to 3.4m; 
o Ch192770-192830 – retained height up to 2.5m. 

Proposed Major Structures 

N/A 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130) has 
been supplied to AMAR indicating that the location is at an earthwork classified as an embankment. 
The Lidar survey does not pick up the full extents of the embankment; therefore information 
available on HAGDMS has been used for the earthworks heights. The following have been 
assumed for design: 

• Ch192720-192770 – embankment height 5.7-5.8m and slope gradient of 23°; 
• Ch192770-192830 – embankment height 6.0m and slope gradient of 23°. 

The critical cross sections at chainage 192730 and 192770 are based on sections with the greatest 
retained height.  

 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-193200-193420-GSS-CE-000001 Page 3 of 13 
 UNCONTROLLED IF COPIED OR PRINTED 

 

 
Figure 2.1: Topographic Critical Cross Section Chainage 192730 (for 3.4m retained height) 

The above cross section shows a retained height of 2.9m; however, this does not include for a 1m 
wide walkway in front of the wall. Therefore, a further 0.5m of retained height was added to 
compensate for construction of the walkway, making the total retained height 3.4m. 

 
Figure 2.2: Topographic Critical Cross Section Chainage 192770 (for 2.5m retained height) 

The above cross section shows a retained height of 2.0m; however, this does not include for a 1m 
wide walkway in front of the wall. Therefore, a further 0.5m of retained height was added to 
compensate for construction of the walkway, making the total retained height 2.5m. 

Utilities:  
There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Head Deposits 

Solid Deposits: Gunthorpe Member (Mercia Mudstone Group) 
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Ground Investigation: 
There are no historical exploratory holes recorded within the design chainage, with no additional  
relevant exploratory holes considered. Ground model has been assumed based on LiDAR Survey 
and Geological Long Section Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000038, Rev P01 

 

Figure 3: Borehole Location Plan 

Flood Risk: 
This earthwork is not in an area at risk from flooding. 

Existing Ground Conditions: 
The following ground conditions have been assumed based on historical Ground Investigation and 
driven LiDAR survey 

The critical cross sections for 3.4m and 2.5m retained height are only 30m apart and do not contain 
the full earthwork due to a lack of topographic data; therefore the same ground model has been 
adopted for them both (but with differing retained heights). The following ground conditions are 
assumed, based on topographic and historical exploratory hole data, at carriageway level:  

Stratum Depth to Base 
(mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Embankment Fill 6.0 39.5 None recorded 

Head Deposits 12.5 33.0 None recorded 

Mercia Mudstone – III/IV >12.5 <33.0 None recorded 
 
The area is within a zone of back-fill material, therefore there may be coarse grained artificial 
materials present beneath the Embankment Fill; however this has been omitted from the ground 
model for a conservative design. The ground conditions will be confirmed by a ‘Just in Time’ 
Validation Ground Investigation before construction. 
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Groundwater: 
No groundwater data was available. 

Groundwater Design Level: 
No local groundwater data is available and therefore a groundwater level of 1.0m below toe of 
embankment has been assumed for WALLAP analysis for king and intermediate sheet piles. When 
checking the global stability check of the earthwork and king and intermediate sheet piles (analysed 
using SLOPE W) an Ru value of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
No local lab test data was available. 

Lab Test Data – BRE Classification: 
No local lab test data was available. 
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Assumed Ground Model For Design: 
Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000038 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002. The below table outlines the assumed anticipated ground model from carriageway level: 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Young’s Modulus 
(MN/m2) Poisson’s Ratio 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0-6.0 45.5-39.5 6.0 21 27 0 100 7.8 6.2 - 0.5 0.2 - 
DS-2 
AC-2 

Head Deposits 6.0-12.5 39.5-33.0 6.5 20 27 0 100 7.8 6.2 - 0.5 0.2 - 
DS-1 
AC-1 

Mercia Mudstone – III/IV >12.5 <33.0 - 21 30 2 100 16.8 13.4 - 0.5 0.2 - 
DS-2 
AC-2 

 
(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are for the proposed location only. 
(2) Due to the lack of localised GI data, typical values for parameters derived in the AMAR GIR were used. 
(3) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for all strata’s, the classification used for the strata in the AMAR GIR was adopted. 
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Imported Granular Fill (Class 6N) was included as backfill to the king sheet pile wall in the design calculations; the granular material was assumed to have the 
following properties:  
: 

Stratum 
Bulk Density γb 

 (kN/m3) 
Friction Angle φ’ 

 (°) 
Young’s Modulus E’ 

 (MN/m2) 
Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 

Earthwork regrade was considered at this location, however due to highway boundary, this 
solution was not viable. A retaining wall is recommended as the earthwork widening solution: 
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AZ-50 

S 390 GP 
3.4 9.1 12.5 81 50 58 193.3 

192770 192840 
AZ-36 

S 390 GP 
2.5 6.0 8.5 88 50 36.0 89.2 

 
Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year design 
life. 
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FURTHER GROUND INVESTIGATION  
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following GI 
has been proposed: 

• BH-CPT13  at  chainage 192790, Southbound -  CPT hole to 20m depth. 
• BH-R-SB2_800y at  chainage 192722, dynamic sample with rotary core exploratory 

hole to 13m depth. 
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HISTORICAL EXPLORATORY HOLES  
  
None due to lack of local GI data. 
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PLOTS 
 
None 
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-193300-193490SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall & Gabion Wall 

Structure Number Gantry 323 

Structure Type MS4 Cantilever Gantry 

Design Chainage 193300-193490 

Carriageway Southbound 

Marker Post 193/3+00 – 193/4+90 

National Grid Reference E 447211, N 335365 – E 447214, N 335525 

Existing Ground Level 
Crest of Cutting 54.7mAOD 

Carriageway  48.9mAOD  

Earthwork Type NB: N/A SB: Cutting HAGDMS designation  

Earthwork Number NB: N/A  

SB: 7_M1_22232; 
7_M1_22154; 
7_M1_22179; 
7_M1_21996 

HAGDMS designation   

Earthwork Height NB: N/A SB: 5.8m From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 27° From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 
 

 

 

 
 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. Where 
no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figu

re 1: Location Plan 
 

Proposed Earthworks Widening: 
To accommodate earthworks widening for this location, the following solutions have been proposed: 

• Ch193300-193320: King Sheet Pile Retaining Wall; 
• Ch193320-193490: Gabion Wall. 

Proposed Major Structures:   
MS4 Cantilever Gantry (Gantry 323) proposed on the southbound carriageway/verge at chainage 
193300. 

 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the structure is located on an earthwork classified as a cutting. 
The cutting ranges approximately from 1.1m to 5.8m (south to north) in height and has a typical slope 
angle of 27°. 

The critical cross sections are based on the sections with the greatest retained height located on an 
onslip. 
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Figure 2.1: Topographic Critical Cross Section Chainage 193320 – King Sheet Pile Wall 

 

 
Figure 2.2: Topographic Critical Cross Section Chainage 193480 – Gabion Wall  

Utilities:  
There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 125, Derby and Map Sheet 141 Loughborough indicates that the site is underlain 
by: 

Superficial Deposits: Eagle Moor Sand and Gravel Member* (Glaciofluvial Deposits) 

Solid Deposits: Gunthorpe Member** (Mercia Mudstone Group) 
*between Ch193300-193350 only 

**Undifferentiated between Ch193430-193490 
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Ground Investigation: 
There are 5 No. historical exploratory holes recorded within the design chainage, with additional 3 no. 
relevant exploratory holes considered outside the design chainage as shown on Geological Long 
Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000039, Rev P01. 
 

  
Figure 3: Borehole Location Plan 

Flood Risk: 
This earthwork is not in an area at risk from flooding. 

Historical Boreholes: 

 Relevant Borehole 
Number 

NWHD18B HIS0032  

 Borehole Chainage 193388 193515  

 Borehole Location Southbound (in existing soft 
verge) 

Southbound (beneath 
overbridge, prior to motorway 
construction) 

 

 National Grid 
Reference 

E 447213, N 335420 E 447219, N 335548  

 Ground Level at 
Exploratory Hole 

48.5 51.2  

 RAG Analysis Amber Green  
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 Date Drilled 09/09/1999 15/07/1964-27/07/1964  

 Termination Depth 2.20mbgl 10.52mbgl  
 

Other suitable 
holes  

HIS0030, HIS0033, HIS0034, NWHCCTV3, NWHM5, 
NWHD18A 

 

 

 

 

   

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 

 

Stratum Depth to Base 
(mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range 

Mercia Mudstone – III/IV >0 <54.7 >150* 
(1) Ground level is assumed to be at the crest of the cutting.  
(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 
(3) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 
(4) Within historical exploratory hole NWHM5 beneath carriageway level there is Made Ground (coarse grained) with an approximate 

thickness of 1.10m. As a conservative design assumption, as there is insufficient evidence to show that the Made Ground is continuous 
across the earthworks extents, Made Ground is not included in the ground model and Mercia Mudstone – III/IV is assumed instead. 

In Situ Testing: 
7 No. Standard Penetration Tests (SPTs) were undertaken within historical exploratory hole NWHM5 
within Mercia Mudstone – III/IV only; all of these tests gave results >50 (of which were extrapolated to 
>150). These results were considered to be unreliable due to the amount of extrapolation required to 
produce an SPT ‘N’ value based on the small amount of penetration recorded from the in situ tests, 
therefore have not been considered further. 

Groundwater: 
The following groundwater strikes were recorded in historical exploratory holes for this location: 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 
m bgl m AOD Time m bgl m AOD 

HIS0030 Mercia 
Mudstone 3.81 49.10 - 2.44 50.47 

HIS00032 Mercia 
Mudstone 3.51 47.69 - 2.13 49.07 

HIS0033 Mercia 
Mudstone 2.13 48.37 - - - 

HIS0034 Mercia 
Mudstone 3.05 50.45 - - - 

Groundwater Design Level: 
A groundwater level of 1.0m below carriageway level has been assumed for WALLAP analysis for 
king and intermediate sheet piles and assessment of gabion walls. When checking the global stability 
check of the earthwork and king and intermediate sheet pile (analysed using SLOPE W) a Ru value 
of 0.2 for has been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
32 No. undrained triaxial tests were undertaken within the Mercia Mudstone – III/IV within 
historical exploratory holes HIS0030, HIS0032, HIS0033 and HIS0034. Results are presented in 
the table below: 

Stratum Depth (mbgl) 
Undrained 

Shear Strength 
(kN/m2) 

Mercia Mudstone 0.15 117 
Mercia Mudstone 0.15 218 
Mercia Mudstone 0.46 158 
Mercia Mudstone 

1.68 110 
Mercia Mudstone 1.68 96 
Mercia Mudstone 1.98 187 
Mercia Mudstone 1.98 117 
Mercia Mudstone 

3.05 124 
Mercia Mudstone 3.2 65 
Mercia Mudstone 3.35 165 
Mercia Mudstone 3.51 103 
Mercia Mudstone 

4.42 31 
Mercia Mudstone 4.57 194 
Mercia Mudstone 5.03 139 
Mercia Mudstone 5.64 96 
Mercia Mudstone 

5.64 201 
Mercia Mudstone 6.55 103 
Mercia Mudstone 7.32 244 
Mercia Mudstone 7.62 141 
Mercia Mudstone 

7.62 180 
Mercia Mudstone 8.08 69 
Mercia Mudstone 9.14 180 
Mercia Mudstone 9.14 77 
Mercia Mudstone 

9.14 89 
Mercia Mudstone 9.6 180 
Mercia Mudstone 10.06 139 
Mercia Mudstone 10.67 153 
Mercia Mudstone 

10.67 139 
Mercia Mudstone 11.13 26 
Mercia Mudstone 12.19 184 
Mercia Mudstone 12.19 302 
Mercia Mudstone 

12.8 86 
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Mercia Mudstone 13.72 139 

 

Lab Test Data – BRE Classification: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Mercia Mudstone 
– III/IV 

Sulphate (Total) 
as SO4 

Solid 11 0.01 – 0.16 %SO4 

Mercia Mudstone 
– III/IV 

Water Soluble 
Sulphate as SO4 

Water 2 0.16-0.22 g/l SO4 

Mercia Mudstone 
– III/IV 

pH Solid 13 7.1-8.7 - 
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Assumed Ground Model For Design: 
Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000039 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002.  The below table outlines the assumed anticipated ground model from cutting crest: 

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this location. The below 
table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Mercia Mudstone – 
III/IV 

>0 <54.7 - 21 30 2 130 10.80 8.60 - 0.50 0.20 - 3.60 0.44 - 6.2* - 
DS-1 
AC-1d 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Due to limited localised GI data, values for bulk density, friction angle, cohesion, Young’s Modulus and Poisson’s ratio derived in the AMAR GIR are used as a basis for the parameters above. 
(3) For a conservative design, Made Ground is not included in the ground model and Mercia Mudstone – III/IV is assumed rather than Mercia Mudstone – I/II. 
(4) Based on recorded undrained triaxial tests within Mercia Mudstone – III/IV, a typical cu value of 130kN/m2 was adopted for Mercia Mudstone – III/IV. 
(5) Shear modulus is based on G = E/2(1+v). 
(6) Adhesion Factor for Mercia Mudstone is based on BS8004 (equation 41). 
(7) Nc is based on CIRIA C570. * Nc increases to ‘9’ from 3.6m bgl  
(8) BRE Classification is determined using criteria set out in BRE Special Digest 1. 
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Imported Granular Fill (Class 6N) was included in the design of a gabion wall alternative solution. The fill was assumed to have the following properties: 

Stratum 
Bulk 

Density γb 
(kN/m3) 

Friction 
Angle φ’ 

(°) 

Young’s Modulus 
E’ (MN/m2) 

Poisson’s 
Ratio ν’ 

Granular Fill 20 36 20 0.25 

Gabion Fill (Class 
6G) 24 - - - 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 

Proposed Earthwork Widening Solution: 
Earthwork regrade was considered at this location, however due to a slip road in close 
proximity, this solution was not viable. A retaining wall is recommended as the earthwork 
widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 

Start 
Chainage 

End 
Chainage Carriageway Solution Layers 

Gabion Wall Dimensions 

Width (m) Length 
(m) Height (m) 

Benching 
Batter Angle 

(o) 

193320 193490 southbound 
Gabion 

Wall 

Lower 1.0 1.0 1.0 45 

Upper 1.0 1.0 1.0 45 
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Proposed Structural Solution: 
Following single pile analysis using an in-house spreadsheet and group pile analysis using 
Piglet software, the following foundations were determined in accordance with EC7: 

 

 

 

 

 

 

 

 

 

 

 

 
 
  

Number of 
Piles 

Pile 
Diameter 

(mm) 

Pile 
Length 

(m) 

Pile 
Spacing – 
Centre to 

Centre (m) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 

Moment (kNm) 
Pile Working 

Load (kN) 

4 

(2x2) 
750 6.0 2.25 8 242 398 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-193300-193490SB-GSS-CE-000001 Page 13 of 27 
 UNCONTROLLED IF COPIED OR PRINTED 

 

FURTHER GROUND INVESTIGATION 
 
‘Just In Time’ GI is required at this location to confirm the ground conditions: The following 
GI has been proposed: 

• BH–G323 at chainage 193300, Southbound, 11m dynamic sample with rotary follow. 
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HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 
Job Name Highways England Smart Motorways Programme: 

SMP M1 J23a – J25 
HA Pin 549342 

Document Reference HA549342-AMAR-HGT-193680-193690SB-GSS-000001 
Earthworks Widening 
Solution King Sheet Pile Retaining Wall 

Structure Number N/A 

Structure Type N/A 

Design Chainage 193680-193690 

Carriageway Southbound 

Marker Post 193/6B+80 – 193/6B+90 
National Grid 
Reference E 447211, N 335714 – E 447207, N 335726 

Existing Ground Level Carriageway 50.9mAOD 
 Crest of Cutting  56.3mAOD 

Earthwork Type NB: N/A SB: Cutting HAGDMS designation  

Earthwork Number NB: N/A  SB: 7_M1_22152 HAGDMS designation   

Earthwork Height NB: N/A SB: 5.4m From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 26° From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 

Author 

Checked 

Reviewed 

Approved 
 

 

 

 

 

 

 

 

 

 

 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 
Figure 1: Location Plan 
 

Proposed Earthwork Widening:   
To accommodate earthworks widening for this location, the following solutions have been 
proposed : 

• King sheet pile retaining wall, situated on the southbound carriageway. 

Proposed Major Structures:   
No major structures are proposed within the design chainage. 

Topography:   
Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that the structure is located on an earthwork classified as 
a cutting. The cutting ranges from approximately 5.0-5.4m in height and has a typical slope 
angle of 26°. 

The cross section with the greatest retained height has been used as the critical cross section. 
This is at Ch193680. 
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Figure 2: Topographic Critical Cross Section Chainage 193680 

Utilities:  
There is a gas mainline pipeline located at the crest of the cutting. 

 

 

 

 

 

 

 

 

 

 

Figure 3: Utilities Location Plan 

 

Geology:  
The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 125, Derby indicates that the site is underlain by: 

Superficial Deposits: None recorded 

Solid Deposits: Mercia Mudstone Group (Undifferentiated) 

Ground Investigation: 
There are no borehole located within the design chainage but 6 additional boreholes located 
outside the design chainage has been considered, as shown on Geological Long Section, 
Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01.  
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Figure 4: Borehole Location Plan 

Flood Risk: 
This earthwork is not located in an area where flooding is a risk. 

 
Historical Boreholes: 

 Relevant Borehole 
Number 

HIS0037 NWHM65  

 Borehole 
Chainage 

193668 193717  

 Borehole Location Southbound (beneath 
overbridge, completed 
before motorway 
construction) 

Southbound (existing soft 
verge) 

 

 National Grid 
Reference 

E 447216, N 335701 E 447208, N 335750  

 Ground Level at 
Exploratory Hole 

55.80mAOD 51.32mAOD  

 RAG Analysis Green Green  
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 Date Drilled 29/07/1964 – 30/07/1964 03/09/1999 – 04/09/1999  

 Termination Depth 13.30 metres below 
ground level (mbgl) 

12.00 metres below ground 
level (mbgl) 

 

 

Other suitable 
holes  

RC1255, HIS0035-HIS0039, NHHCCTV4  
 

 

 

 

   

 

Existing Ground 
itions: 

 

 

The following ground conditions have been assumed based on historical 
Ground Investigation and driven LiDAR survey. 

Stratum Depth to 
Base (mbgl) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range 

Hand Vane 
Strength 
Range 
(kN/m2) 

Mercia Mudstone – III/IV 
(>50mAOD) 6.3 50.0 7-13 (10) - 

Mercia Mudstone – III/IV 
(<50mAOD) >6.3 <50.0 33-143 (40) - 

(1) Ground level is assumed to be at the crest of the cutting  
(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 
(3) Given the uncertainties on ground conditions, only Mercia Mudstone – III/IV has been used in the ground model 

The Mercia Mudstone – III/IV has been split at elevation 50.0mAOD based on historical GI data 
that shows a distinct increase in SPT ‘N’ values and undrained shear strength test results below 
50.0mAOD. 

Within historical exploratory hole NWHM65 beneath carriageway level there is Made Ground 
(coarse grained) with an approximate thickness of 0.70m. As a conservative design assumption, 
as there is insufficient evidence to show that the Made Ground is continuous across the 
earthworks extents, Made Ground is not included in the ground model and Mercia Mudstone – 
III/IV is assumed instead. 

 

In Situ Testing: 
13 No. Standard Penetration Tests (SPTs) were undertaken within historical exploratory holes 
NWHM65 and RC1255 within the Mercia Mudstone, the results are shown in the SPT plot 
appended to this document. 

Groundwater: 
The following groundwater strikes were recorded in historical exploratory holes for this location: 
 

Exploratory 
Hole ID 

Stratum Groundwater Strike Rise 
m bgl m AOD Time m bgl m AOD 

HIS0035  4.60 49.90 - 3.1m 51.30 
HIS0036  1.80 53.20 - - - 
HIS0037  4.60 51.20 - - - 
HIS0038  3.50 53.20 - - - 
HIS0039  4.40 49.60 - 3.40 50.60 
NWHM65  9.00 42.32 - - - 
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Groundwater Design Level: 
A groundwater level of 1.0m below carriageway level has been assumed for WALLAP analysis 
for king and intermediate sheet piles. When checking the global stability check of the earthwork 
and king and intermediate sheet piles (analysed using SLOPE W) an Ru value of 0.2 for has 
been used for all strata. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 
44 No. undrained triaxial tests were undertaken within the Mercia Mudstone – III/IV within 
historical exploratory holes HIS0035-HIS0039. 

Stratum Depth (mbgl) 
Undrained 

Shear Strength 
(kN/m2) 

Mercia Mudstone 
– III/IV 0.3 72 

Mercia Mudstone 
– III/IV 0.3 139 

Mercia Mudstone 
– III/IV 1.68 69 

Mercia Mudstone 
– III/IV 1.83 55 

Mercia Mudstone 
– III/IV 1.83 55 

Mercia Mudstone 
– III/IV 1.98 53 

Mercia Mudstone 
– III/IV 2.59 84 

Mercia Mudstone 
– III/IV 3.2 43 

Mercia Mudstone 
– III/IV 3.35 93 

Mercia Mudstone 
– III/IV 3.35 67 

Mercia Mudstone 
– III/IV 3.66 55 

Mercia Mudstone 
– III/IV 4.72 89 

Mercia Mudstone 
– III/IV 4.88 235 

Mercia Mudstone 
– III/IV 4.88 57 

Mercia Mudstone 
– III/IV 5.03 156 

Mercia Mudstone 
– III/IV 5.18 84 

Mercia Mudstone 
– III/IV 6.4 139 

Mercia Mudstone 
– III/IV 6.4 48 

Mercia Mudstone 
– III/IV 6.55 144 

Mercia Mudstone 
– III/IV 6.71 132 

Mercia Mudstone 
– III/IV 6.86 55 

Mercia Mudstone 
– III/IV 7.92 165 

Mercia Mudstone 
– III/IV 7.92 86 

Mercia Mudstone 
– III/IV 8.08 139 

Mercia Mudstone 
– III/IV 8.23 134 

Mercia Mudstone 
– III/IV 8.23 235 
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Mercia Mudstone 
– III/IV 8.69 158 

Mercia Mudstone 
– III/IV 9.45 69 

Mercia Mudstone 
– III/IV 9.45 55 

Mercia Mudstone 
– III/IV 9.6 192 

Mercia Mudstone 
– III/IV 9.75 196 

Mercia Mudstone 
– III/IV 10.21 306 

Mercia Mudstone 
– III/IV 10.97 14 

Mercia Mudstone 
– III/IV 10.97 55 

Mercia Mudstone 
– III/IV 11.13 225 

Mercia Mudstone 
– III/IV 11.28 158 

Mercia Mudstone 
– III/IV 11.73 139 

Mercia Mudstone 
– III/IV 12.19 29 

Mercia Mudstone 
– III/IV 12.19 151 

Mercia Mudstone 
– III/IV 12.34 69 

Mercia Mudstone 
– III/IV 12.8 105 

Mercia Mudstone 
– III/IV 13.41 45 

Mercia Mudstone 
– III/IV 14.33 96 

Mercia Mudstone 
– III/IV 15.85 29 

 

Lab Test Data - BRE Classification: 
The following pH testing data was available from the historical exploratory holes: 

 
 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Mercia Mudstone 
– III/IV 

Sulphate (Total) 
as SO4 

Solid 15 0.01-0.17 %SO4 

Mercia Mudstone 
– III/IV 

Water Soluble 
Sulphate as SO4 

Water 2 0.24-0.3 g/l SO4 

Mercia Mudstone 
– III/IV 

pH Solid 14 6.2-7.3 - 

Mercia Mudstone 
– III/IV 

pH Water 2 6.9-7.1 - 
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Assumed Ground Model For Design: 
Ground model based on geological long section HA549342-AMAR-HGT-SWI-DR-CE-000039 and Section 5 of the GIR HA549342-AMAR-HGT-SWI-
RP-CE-000002.  Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during 
the advancement of the historic borehole it is assumed that road level on the base of the cutting is straight on to the Mercia Mudstone III/IV at this 
location. 

The below table outlines the assumed anticipated ground model: 
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Eu E’ E Vu ν’ ν 

Mercia Mudstone – 
III/IV (>50.0mAOD) 

0-6.3 56.3-50.0 6.3 21 30 2 70 4.8 3.8 - 0.5 0.2 - 
DS-1 
AC-1 

Mercia Mudstone – 
III/IV (<50.0mAOD) 

>6.3 <50.0 - 21 30 2 150 13.8 11.0 - 0.5 0.2 - 
DS-1 
AC-1 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 
data was available) for the proposed location only. 

(2) Due to limited localised GI data, values for bulk density, friction angle, cohesion, Young’s Modulus and Poisson’s ratio derived in the AMAR GIR are used as a basis for the parameters above. 
(3) The Mercia Mudstone – III/IV has higher recorded SPT ‘N’ values and undrained shear strength values from historical GI data below 50.0mAOD, and therefore has been subdivided as shown above. 
(4) Based on SPT converted cu values (using the formula by Stroud, 1975, and a typical f1 value of 5.0 after guidance in CIRIA C570 for Mercia Mudstone) and recorded undrained triaxial tests, a typical cu value of 70kN/m2 was 

adopted for Mercia Mudstone – III/IV (>50.0mAOD) and 150kN/m2 for Mercia Mudstone – III/IV (<50.0mAOD). 
(5) Eu for Mercia Mudstone – III/IV (within cutting) can be derived using N values (Bowles) where Eu = 300 (N+6); using a typical N value of 10 gives Eu = 4.8MN/m2. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 

(1 + v) Eu = 3.8MN/m2. 
(6) Eu for Mercia Mudstone – III/IV (below carriageway level) can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 40 gives Eu = 13.8MN/m2. Using Wroth (1972) E’ can then be 

calculated using E’ = 2/3 (1 + v) Eu = 11.0MN/m2. 
(7) BRE Classification is determined using criteria set out in BRE Special Digest 1.  
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Figure 5: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 
 

Earthwork regrade was considered at this location, however due this impeding on the 
highway boundary, this solution was not viable. A retaining wall is recommended as the 
earthwork widening solution: 
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Intermediate sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-193680-193690-GSS-CE-000001 Page 12 of 30 
 UNCONTROLLED IF COPIED OR PRINTED 

 

FURTHER GROUND INVESTIGATION 
 
 
No further ground investigation is proposed at this location due to sufficient historical 
borehole data. 
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HISTORICAL EXPLORATORY HOLES 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document 
Reference 

HA549342-AMAR-HGT-186760-187070NB-GSS-000001 

Earthworks 
Widening Solution 

Full Height Embankment Widening (1:2.0) / Granular Wedge at 
Embankment Crest (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 186760-187070 

 Carriageway Northbound – Jct 24a Merge (A50-M1 Onslip – west) 

Marker Post 186/7A+60 – 187/0A+70 

National Grid 
Reference 

E 447098, N 329095 – E 447089, N 329317 

Existing Ground 
Level at  Location 

Carriageway 35.4-38.5mAOD 

Toe of embankment 31.1-32.6mAOD 

Earthwork Type NB: Embankment SB: Embankment  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_24428 SB: N/A HAGDMS designation  

Earthwork Height NB: 4.1-7.1m SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 21-36° SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch186760-186960, Full Height Embankment Widening (1:2); 

 Ch186670-187070, Granular Wedge at Embankment Crest (1:2) 

 

Proposed Major Structures:   

N/A 

 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that location comprises and embankment of 4.1-7.1m 
height (increasing in height from south to north) and a proposed slope gradient of 27°. 

The critical cross section used is Ch186900 (Ch250). 

 

Figure 2 Topographic Critical Cross Section Chainage 186900 (Ch250) 
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Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: Holme Pierrepont Sand and Gravel Member (Sand and Gravel) 

Solid Deposits: Branscombe Mudstone Formation (Mudstone – Mercia Mudstone Group) 

Ground Investigation: 

There are 2 No. historical exploratory holes recorded within the design chainage; as shown on 
Geological Long Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 

 

 

Figure 3: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk.  

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE381 SK2NE382  

 Borehole Chainage 186830 186884  

 Borehole Location Northbound Northbound  

 National Grid 
Reference 

E 447131, N 329149 E 447132, N 329207  

 Ground Level at 
Exploratory Hole 

31.26m AOD 37.16mAOD  

 RAG Analysis Green Green  
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 Date Drilled 09/06/1992 09/06/1992  

 Termination Depth 9.95m bgl 15.00m bgl  

 Other Suitable 
Holes 

None  

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 

Stratum 
Depth to Base (m 

bgl) 
Depth to Base (m 

AOD) 
SPT ‘N’ Value 

Range* 

Hand Vane 
Strength Range 

(kN/m
2
) 

Embankment Fill 6.6 30.56 17-21 (20) - 

River Terrace 
Deposits 

5.80 24.76 15-107 (30) - 

Mercia Mudstone – 
III/IV 

>3.45 <21.31 20-109 (23) - 

(1) Ground level is assumed to be at the  carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
SK42NE381 and SK42NE382. 

Groundwater: 

No ground water encountered within the exploratory boreholes 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

5 No. Atterberg Limit Test and 13 No. Natural Moisture Content tests were undertaken within 
the Embankment Fill and the Mercia mudstone III/IV with the following results: 

Stratum Depth (mbgl) 
Natural 

Moisture 
Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Embankment Fill 0.8 22 - - - - 

Embankment Fill 1.0 16 - - - - 

Embankment Fill 1.2 17 36 16 20 CI 

Embankment Fill 1.8 16 - - - - 

Embankment Fill 2.3 18 34 14 20 CL 

Embankment Fill 2.8 15 - - - - 

Embankment Fill 2.8 13 32 17 15 CL 

Embankment Fill 3.4 13 32 15 17 CL 

Embankment Fill 4.4 15 34 14 20 CL 

Mercia Mudstone 
III/IV 

6.6 19 - - - - 

Mercia Mudstone 
III/IV 

8.0 17 - - - - 

Mercia Mudstone 
III/IV 

9.0 16 - - - - 

Mercia Mudstone 
III/IV 

9.5 8 - - - - 

 

3 No. Traixial Tests were undertaken within the Embankment Fill with the following results: 

Stratum Depth (mbgl) 
Undrained 

Shear Strength 
(kN/m

2
) 

Embankment Fill 1.2 108.0 

Embankment Fill 2.8 172.0 

Embankment Fill 4.4 152.0 
 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this location. 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01.  

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Modulus 
(MN/m
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Poisson’s Ratio 
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Eu E’ E Vu ν’ ν 

Embankment fill 0.00 - 7.45 38.45-31.00 7.45 21 26 0 130 7.8 6.2 - 0.50 0.20 - DS-2 AC-2 

River Terrace Deposits 7.45-13.65 31.00-24.80 6.20 20 36 0 - - 43.2 - - 0.35 - DS-3 AC-3 

Mercia Mudstone III-IV >13.65 <24.80 >4.80 21 30 2 220 8.7 7.0 - 0.50 0.20 - DS-2 AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) cu of Embankment Fill can be determined using SPT N values and the Stroud correlation; these results and those from hand shear vanes and triaxial tests are included as a plot of cu versus elevation. Based on these values, 

it is considered that a cu of 130kN/m
2
 is characteristic of the stratum. 

(4) ϕ' of Embankment Fill can be determined using Table 2 in BS8002:2015 using a typical PI of 20% gives 26°. 

(5) E’ of Embankment Fill can be determined using Bowles relationship Eu = 300 (N + 6) = 300 (20 + 6) = 7.8MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) Eu = 6.2MN/m

2
. 

(6) ϕ' of River Terrace Deposits can be determined using correlation with SPT (Peck 1974) N values (typical N value of 30) gives an angle of 36°. 

(7) E’ of River Terrace Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using typical N value of 30) gives a value of 43.2MN/m
2
. 

(8) cu of Mercia Mudstone – III/IV can be determined using SPT N values and the Stroud correlation; these results are included as a plot of cu versus elevation. Based on these values, it is considered that a cu of 220kN/m
2
 is 

characteristic of the stratum. 

(9) Due to limited localised GI data, typical values for ϕ' of Mercia Mudstone – III/IV derived in the AMAR GIR are used. 

(10) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a conservative N value of 23 gives Eu = 8.7MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) Eu 

= 7.0MN/m
2
. 

(11) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data for SK42NE381 & SK42NE382, the classification used for the strata in the AMAR GIR was adopted. 

 



  

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-186760-187070NB-GSS-CE-000001 Page 7 of 16 

 UNCONTROLLED IF COPIED OR PRINTED 

 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties: 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

186760 186960 
Full Height Embankment 

Widening (1:2) 
4.00m 27° 

186970 187070 
Granular Wedge at 

Embankment Crest (1:2) 
9.50m 45° 

 

 

Proposed Structural Solution: 

N/A 
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FURTHER GROUND INVESTIGATION 
 
‘Just In Time’ GI is not required at this location to confirm the ground conditions for 
embankment widening and granular wedge:  
 
However the following GI has been proposed: 
 

 BG-G301A at chainage 186847, northbound, dynamic sample with rotary follow to 
18m bgl(Note: GI required for pile design verification at gantry 301 only) 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-185400 – 1854510NB-GSS-000001 

Earthworks Widening 
Solution 

Full Height Embankment Widening (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 185400-185510 

Carriageway Northbound – Jct24 Merge (A453/A50/A6-M1 Onslip west) 

Marker Post 185/4A+00 – 185/5A+10 

National Grid 
Reference 

E 447527, N 327781 – E 447513, N 3278891 

Existing Ground 
Level at  Location 

Carriageway 37.6-39.2mAOD 

Toe of embankment 36.8-37.3mAOD 

Earthwork Type NB: Embankment SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_20912 SB: N/A HAGDMS designation  

Earthwork Height NB: 0.8-1.8m SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 19-22° SB: N/A From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 
 

Figure 1: Location Plan  
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch185400-185510, Full Height Embankment Widening (1:2.0); 

 

Proposed Major Structures:   

N/A 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that location comprises an embankment of 0.8-1.8m 
height (increasing in height from south to north) and a proposed slope gradient of 27°. 

The critical cross sections used is Ch185430. 
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Figure 2 Topographic Critical Cross Section Chainage 185430 (Ch10) 

Utilities:  

A western power low voltage cable is located in the verge to the west of the slip road.  

 

Figure 3 Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: Holme Pierrepont Sand and Gravel Member (Sand and Gravel) 

Solid Deposits: Branscombe Mudstone Formation (Mudstone – Mercia Mudstone Group) 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, with additional 3 
no. relevant exploratory holes considered within close proximity; as shown on Geological Long 
Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 
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Figure 4: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE11  NWHD1A SK42NE12  

 Borehole Chainage 185359,  185516 185572  

 Borehole Location Northbound Northbound Northbound  

 National Grid 
Reference 

E 447510, N 
327740   

E 447493, N 
327893 

E 447490, N 
327950 

 

 Ground Level at 
Exploratory Hole 

37.20m AOD,   33.87m AOD 34.70m AOD  

 RAG Analysis Amber Amber Amber  

 Date Drilled 09/08/1961 13/09/1999 09/08/1961  

 Termination Depth 12.19m bgl 3.10m bgl 9.14m bgl  

 Other Suitable Holes None  

 



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT185420-185470NB-GSS-CE-000001 Page 5 of 20 

 UNCONTROLLED IF COPIED OR PRINTED 

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 

Stratum 
Depth to Base (m 

bgl) 
Depth to Base (m 

AOD) 
SPT ‘N’ Value 

Range* 

Hand Vane 
Strength Range 

(kN/m
2
) 

Embankment Fill 4.8 34.5 - - 

Glaciofluvial 
Deposits (Coarse 

Grained) 
7.5 31.7 20-59 (40) - 

Mercia Mudstone – 
III/IV 

>14.2 <25.0 - - 

(1) Ground level is assumed to be at the  carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
SK42NE11 and SK42NE12. 

Groundwater: 

No ground water encountered within the exploratory boreholes. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
toe of embankment has been assumed for the design. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

6 No. Atterberg Limit Test and 18No. Natural Moisture Content tests were undertaken within the 
Glaciofluvial Deposits and the Mercia Mudstone III/IV with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Glaciofluvial 
Deposits 

0.3 14 - - - - 

Glaciofluvial 
Deposits 

0.61 2 - - - - 

Glaciofluvial 
Deposits 

0.76 15 - - - - 

Glaciofluvial 
Deposits 

1.22 16 - - - - 

Glaciofluvial 
Deposits 

1.37 - 22 13 9 CL 

Glaciofluvial 
Deposits 

1.52 6 - - - - 

Glaciofluvial 
Deposits 

1.98 18 - - - - 

Glaciofluvial 
Deposits 

2.29 - 23 15 8 CL 

Mercia Mudstone 
III/IV 

3.05 5 - - - - 

Mercia Mudstone 
III/IV 

3.81 41 - - - - 

Mercia Mudstone 
III/IV 

4.57 13 26 19 7 CL 

Mercia Mudstone 
III/IV 

5.18 15 - - - - 

Mercia Mudstone 
III/IV 

5.41 16 - - - - 

Mercia Mudstone 
III/IV 

6.10 32 34 24 10 ML 

Mercia Mudstone 
III/IV 

6.55 14 - - - - 

Mercia Mudstone 
III/IV 

7.62 31 - - - - 

Mercia Mudstone 
III/IV 

7.77 20 32 25 7 ML 

Mercia Mudstone 
III/IV 

8.84 8 - - - - 

Mercia Mudstone 
III/IV 

9.14 20 - - - - 

Mercia Mudstone 
III/IV 

10.67 14 28 17 11 CL 
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5 No. Traixial Tests were undertaken within the Glaciofluvial Deposits and the Mercia mudstone 
III/IV with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Undrained 
Shear Strength 

(kN/m
2
) 

Glaciofluvial 
Deposits 

1.37 41 

Glaciofluvial 
Deposits 

2.29 38 

Mercia Mudstone 
III/IV 

6.10 66 

Mercia Mudstone 
III/IV 

6.10 150 

Mercia Mudstone 
III/IV 

7..62 420 

 
 
 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this location. 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01.  

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic boreholes it is assumed that an amount of embankment fill exists at road level above the Glaciofluvial Deposits. 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Eu E’ E Vu ν’ ν 

Embankment Fill 0.00 – 5.20 39.20 -34.00 5.20 21 27 0 100 7.8 6.2 - 0.50 0.20 - 
DS-2 

AC-2 

Glaciofluvial Deposits 

(Coarse Grained) 
5.20 – 8.70 34.00-30.50 3.50 21 38 - - - 31.2 - - 0.25 - 

DS-3 

AC-3 

Mercia Mudstone III/IV 8.70->14.20 30.50-<25.00 >5.50 21 28 2 66 16.8 13.4 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to limited localised GI data for the Embankment Fill, typical values for cu, ϕ' and Young’s Modulus derived in the AMAR GIR are used. 

(4) ϕ' of Glaciofluvial Deposits can be determined using correlation with SPT (Peck 1974) N values (typical N value of 40) gives an angle of 38°. 

(5) E’ of Glaciofluvial Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using typical N value of 20) gives a value of 31.2MN/m
2
. 

(6) Due to limited localised GI data, typical values for cu of Mercia Mudstone – III/IV derived in the AMAR GIR are used. 

(7) ϕ' of Mercia Mudstone III/IV can be determined using Table 2 in BS8002:2015 using typical PI of 11% gives 28°. 

(8) Due to limited localised GI data, typical values for Eu & E’ of Mercia Mudstone – III/IV derived from the AMAR GIR are used. 
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(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data, the classification used for the strata in the AMAR GIR was adopted. 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

 

 

 Stratum 
Bulk Densityb 

(kN/m3) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (o) 

185400 185510 
Full Height Embankment 

Widening (1:2.0) 
3.0 26.6º (1V;2H) 

 

Proposed Structural Solution: 

N/A 
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FURTHER GROUND INVESTIGATION 
 
 ‘Just In Time’ GI is not required at this location. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document 
Reference 

HA549342-AMAR-HGT-185560 – 185640NB-GSS-000001 

Earthworks 
Widening Solution 

Partial Height Regrade (1:3.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 185560-185640 

Carriageway Northbound – Jct24 Merge (A453/A50/A6-M1 Onslip west) 

Marker Post 185/5A+50 – 185/6A+40 

National Grid 
Reference 

E 447466, N 327943 – E 447465, N 328013 

Existing Ground 
Level at  Location 

Carriageway 33.5-35.0mAOD 

Crest of cutting 34.5-35.8mAOD 

Earthwork Type NB: Cutting SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_20911 SB: N/A HAGDMS designation  

Earthwork Height NB: 0.7-1.3m SB: N/A  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 18° SB: N/A 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 01 

 

Author 

Checked 

Reviewed 

Approved 

 

 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch185550-185590, 1:3 Partial Height Regrade; 

 Ch1856120-185640, 1:3 Partial Height Regrade; 

 

Proposed Major Structures:   

N/A 

 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that location comprises a cutting of 0.7-1.3m height 
(increasing in height from south to north) and a proposed slope gradient of 18°. 

The critical cross sections used is Ch185620 (Ch190). 
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Figure 2 Topographic Critical Cross Section Chainage 185620 (Ch190) 

Utilities:  

A western power low voltage cable is located in the verge to the west of the slip road.  

 

Figure 3 Utilities Location Plan 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: Holme Pierrepont Sand and Gravel Member (Sand and Gravel) 

Solid Deposits: Branscombe Mudstone Formation (Mudstone – Mercia Mudstone Group) 

Ground Investigation: 

There are no historical exploratory holes recorded within the design chainage, with additional 3 
no. relevant exploratory holes considered within close proximity; as shown on Geological Long 
Section, Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000028, Rev P01. 
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Figure 4: Borehole Location Plan 

Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE11 NWHD1A SK42NE12  

 Borehole Chainage 185359 185516 185572  

 Borehole Location Northbound Northbound Northbound  

 National Grid 
Reference 

E 447510,         
N 327740 

E 447493,         
N 327740 

E 447490,         N 
327950 

 

 Ground Level at 
Exploratory Hole 

37.20m 
AOD,  

33.87m AOD 34.70m AOD  

 RAG Analysis Amber Amber Amber  

 Date Drilled 09/08/1961 13/09/1999 09/08/1961  

 Termination Depth 3.10m bgl 12.19m bgl 9.14m bgl  

 Other Suitable 
Holes 

None  
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Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 

Stratum 
Depth to Base (m 

bgl) 
Depth to Base (m 

AOD) 
SPT ‘N’ Value 

Range* 

Hand Vane 
Strength Range 

(kN/m
2
) 

Embankment Fill 0.1 34.5 - - 

Glaciofluvial 
Deposits (Coarse 

Grained) 
7.5 31.7 20-59 (20) - 

Mercia Mudstone – 
III/IV 

>14.2 <25.0 - - 

(1) Ground level is assumed to be at the crest 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
SK42NE11 and SK42NE12. 

Groundwater: 

No ground water encountered within the exploratory boreholes. 

Groundwater Design Level: 

No local groundwater level is available and therefore a design groundwater level of 1.0m below 
ground level throughout the cutting has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

6 No. Atterberg Limit Test and 18No. Natural Moisture Content tests were undertaken within the 
Glaciofluvial Deposits and the Mercia Mudstone III/IV with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Glaciofluvial 
Deposits 

0.30 14 - - - - 

Glaciofluvial 
Deposits 

0.61 2 - - - - 

Glaciofluvial 
Deposits 

0.76 15 - - - - 

Glaciofluvial 
Deposits 

1.22 16 - - - - 

Glaciofluvial 
Deposits 

1.37 - 22 13 9 CL 

Glaciofluvial 
Deposits 

1.52 6 - - - - 

Glaciofluvial 
Deposits 

1.98 18 - - - - 

Glaciofluvial 
Deposits 

2.29 - 23 15 8 CL 

Mercia Mudstone 
III/IV 

3.05 5 - - - - 

Mercia Mudstone 
III/IV 

3.81 41 - - - - 

Mercia Mudstone 
III/IV 

4.57 13 26 19 7 CL 

Mercia Mudstone 
III/IV 

5.18 15 - - - - 

Mercia Mudstone 
III/IV 

5.41 16 - - - - 

Mercia Mudstone 
III/IV 

6.10 32 34 24 10 ML 

Mercia Mudstone 
III/IV 

6.55 14 - - - - 

Mercia Mudstone 
III/IV 

7.62 31 - - - - 

Mercia Mudstone 
III/IV 

7.77 20 32 25 7 ML 

Mercia Mudstone 
III/IV 

8.84 8 - - - - 

Mercia Mudstone 
III/IV 

9.14 20 - - - - 

Mercia Mudstone 
III/IV 

10.67 14 28 17 11 CL 
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5 No. Traixial Tests were undertaken within the Glaciofluvial Deposts and the Mercia mudstone 
III/IV with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Undrained 
Shear Strength 

(kN/m
2
) 

Glaciofluvial 
Deposits 

1.37 41 

Glaciofluvial 
Deposits 

2.29 38 

Mercia Mudstone 
III/IV 

6.10 66 

Mercia Mudstone 
III/IV 

6.10 150 

Mercia Mudstone 
III/IV 

7..62 420 

 
 
 

 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this structure location. 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01.  

Due to the current elevated ground level of the road surface at this location compared to the ground level that was recorded during the advancement 
of the historic boreholes it is assumed that an amount of embankment fill exists at road level above the Glaciofluvial Deposits. 

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Young’s Modulus 
(MN/m

2
) Poisson’s Ratio 

B
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Eu E’ E Vu ν’ ν 

Embankment Fill 0.00 – 1.10 35.10 -34.00 1.10 21 27 0 100 7.8 6.2 - 0.50 0.20 - 
DS-2 

AC-2 

Glaciofluvial 

Deposits (Coarse 

Grained) 

1.10 – 3.60 34.00-31.50 2.50 21 33 - - - 31.2 - - 0.25 - 
DS-3 

AC-3 

Mercia Mudstone 

III/IV 
3.60->10.10 

31.50-

<25.00 >6.50 21 28 2 50 16.8 13.4 - 0.50 0.20 - 
DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to limited localised GI data for the Embankment Fill, typical values for cu, ϕ' and Young’s Modulus derived in the AMAR GIR are used. 

(4) ϕ' of Glaciofluvial Deposits can be determined using correlation with SPT (Peck 1974) N values (typical N value of 20) gives an angle of 33°. 

(5) E’ of Glaciofluvial Deposits can be determined using Bowles correlation E’ = 1200 (N + 6) which (using typical N value of 20) gives a value of 31.2MN/m
2
. 

(6) Due to limited localised GI data, typical values for cu of Mercia Mudstone – III/IV derived in the AMAR GIR are used. 

(7) ϕ' of Mercia Mudstone III/IV can be determined using Table 2 in BS8002:2015 using typical PI of 11% gives 28°. 
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(8) Due to limited localised GI data, typical values for Eu & E’ of Mercia Mudstone – III/IV derived from the AMAR GIR are used. 

(9) BRE Classification is determined using criteria set out in BRE Special Digest 1. In the absence of BRE test data, the classification used for the strata in the AMAR GIR was adopted. 

Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 
 

Stratum 
Bulk Densityb 

(kN/m
3
) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 5: Geological Long Section 

 

 

  



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-185550-185640NB-GSS-CE-000001 Page 11 of 20 

 UNCONTROLLED IF COPIED OR PRINTED 

 

GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution 

185550 185590 1:3 Partial Height Regrade 

185610 185640 1:3 Partial Height Regrade 

 

Proposed Structural Solution: 

N/A 
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FURTHER GROUND INVESTIGATION 
 
No further ‘Just In Time’ GI is required at this location. 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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HA Pin 549342 

Document Reference HA549342-AMAR-HGT-182120-182140NB-GSS-000001 

Earthworks Widening 
Solution 

Granular Wedge at Embankment Crest (1:2.0) 

Structure Number N/A 

Structure Type N/A 

Design Chainage 182120-182140 

Carriageway Northbound Merge (Jct 23a) 

Marker Post 182/1A+20 – 182/1A+40 

National Grid 
Reference 

E 446819, N 324596 – E 441825, N 324615 

Existing Ground Level 
at  Location 

Carriageway 66.1mAOD 

Toe of embankment / Crest of 
cutting 

60.7mAOD 

Earthwork Type NB: Embankment SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: 7_M1_42110 SB: N/A HAGDMS designation  

Earthwork Height NB: 5.4m SB: N/A  
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: 22° SB: N/A 
From Lidar Survey 
TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 
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Author 
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Approved 

 

 
 
Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this 
location. Where no local data exists, generalised information for each stratum has been taken from 
the AMAR GIR. 
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DESK STUDY 

 
 

 

 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch182120-182140, Granular Wedge at Embankment Crest (1:2.0) 

Proposed Major Structures:   

N/A. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-
25_Rev0_20150130), has been supplied to AMAR indicating that location comprises and 
embankment of 5.3m height and a slope gradient of 22°. 

The critical cross section used is Ch182130. 
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Figure 2 Topographic Critical Cross Section Chainage 182130 (Cross section 180) 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction 
with BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: None Recorded 

Solid Deposits: Gunthorpe Member - Mudstone (Mercia Mudstone Group) 

Ground Investigation: 

There are 4 No. historical exploratory holes recorded within the design chainage, with 
additional 3 no. relevant exploratory holes considered as shown on Geological Long Section, 
Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000020, Rev P01. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Borehole Location Plan 
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Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42SE89/89
R 

SK42SE90/90R SK42SE91  

 Borehole Chainage 182040 182125 182167  

 Borehole Location NB merge NB merge NB merge  

 National Grid 
Reference 

E 446822, N 
324571 

E 446833, N 
324597 

E 446840, N 
324640 

 

 Ground Level at 
Exploratory Hole 

61.45mAOD 
(metres above 
Ordnance 
Datum) 

61.84mAOD 63.59mAOD  

 RAG Analysis Green Green Amber  

 Date Drilled 19/01/1988-
22/01/1988 

19/01/1998-
25/01/1988 

18/01/1988  

 Termination Depth 15.22mbgl 
(metres below 
ground level) 

15.20mbgl 6.11mbgl  

 

Other suitable holes  SK43SE95/95R 
 

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground 
Investigation and driven LiDAR survey. 

Stratum 
Depth to Base (m 

bgl) 
Depth to Base (m 

AOD) 
SPT ‘N’ Value 

Range* 

Hand Vane 
Strength Range 

(kN/m
2
) 

Embankment Fill 5.4 60.7 - - 

Mercia Mudstone – 
III/IV 

>5.4 <60.7 20-150 (25) - 

(1) Ground level is assumed to be at carriageway level 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
SK42NE381, SK42NE382 and SK42NE398. 
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Groundwater: 

Groundwater was recorded within exploratory hole SK43SE90 at 5.30mbgl (56.54m AOD) 
and rose to 3.60mbgl (58.24mAOD) within Mercia Mudstone – III/IV. 

Groundwater Design Level: 

A design groundwater level of 1.0m below toe of embankment has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

No geotechnical laboratory testing data is available for this location. 

Lab Test Data – BRE Classification: 

No chemical laboratory testing data is available for this location. 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000034, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01.  

The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation Ground Investigation: 
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Eu E’ vu ν’ 

Embankment Fill 0-5.4 60.1-60.7 1.70 21 27 0 100 7.8 6.2 0.50 0.20 DS-2 AC-2 

Mercia Mudstone – III/IV >5.4 <60.7 - 21 30 2 125 9.3 7.4 0.50 0.20 DS-2 AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, friction angle, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to limited localised GI data, the characteristic values for Embankment Fill from the AMAR GIR are adopted. 

(4) cu of Mercia Mudstone – III/IV can be derived using the Stroud correlation. A typical f1 value of 5.0; combined with a characteristic SPT N value of 25, this gives a cu of 125kN/m
2
. 

(5) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a characteristic N value of 25 gives Eu = 9.3MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 + v) 

Eu = 7.4MN/m
2
. 

(6) In the absence of BRE test data for, the classification used in the AMAR GIR was adopted. 
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Imported Granular Fill (Class 6N) was used in the design of embankment widening; the granular material was assumed to have the following 
properties:  

 

 

 

Stratum 
Bulk Densityb 

(kN/m3) 

Friction 

Angle’ 
(°) 

Young’s Modulus E 

(MN/m
2
) 

Poisson’s Ratio V 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start 
Chainage 

End 
Chainage 

Widening Solution Base Width (m) Batter Angle (°) 

182120 182140 
Granular Wedge at 

Embankment Crest (1:2.0) 
4.8 

18 

(1V:3H) 

 

 

Proposed Structural Solution: 

N/A. 
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FURTHER GROUND INVESTIGATION 
 
No ‘Just In Time’ GI is required at this location. 

  



 

 

 

Rev: 00 Date: Jun-17  Ref: HA549342-AMAR-HGT-182120-182140NB-GSS-CE-000001 Page 12 of 26 

 UNCONTROLLED IF COPIED OR PRINTED 

 

HISTORICAL EXPLORATORY HOLES 
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Widening Solution 

Full Height Re-Grade (1:3) 
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Structure Type N/A 

Design Chainage 182730-182900 

Carriageway Southbound – Jct23a Diverge (M1-A42 east) 

Marker Post 182/7B+30 – 182/9B+00 

National Grid 
Reference 

E 447030, N 325176 – E 447071, N 325341 

Existing Ground 
Level at  Location 

Carriageway 74.8-76.2mAOD 

Crest of cutting 75.5-77.4mAOD 

Earthwork Type NB: N/A SB: Cutting  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Number NB: N/A SB: 7_M1_54220 HAGDMS designation  

Earthwork Height NB: N/A SB: 1.2-2.3m  
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 6-9° 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 
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Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each stratum has been taken from the AMAR GIR. 
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DESK STUDY 

 
 

 
 

Figure 1: Location Plan 
 

Proposed Earthworks Widening: 

To accommodate earthworks widening for this location, the following solutions have been 
proposed: 

 Ch182720-182760, Full Height Regrade 1:3; 

 Ch182760-182770, Insufficient topographic data (TBC); 

 Ch182780-182790, Full Height Regrade 1:3; 

 Ch182790-182830, Insufficient topographic data (TBC); 

 Ch182830-182900, Full Height Regrade 1:3. 

Proposed Major Structures:   

N/A. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), 
has been supplied to AMAR indicating that location comprises a cutting of 1.2-2.3m in height 
(increasing in height from south to north) and a proposed slope gradient of 18°. 

The critical cross section used is Ch182750 (Ch410) was chosen based on greatest cut height. 
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Figure 2 Topographic Critical Cross Section Ch182750 (Ch410) 

Utilities:  

There are no known existing utilities within the vicinity of the chainage extents. 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with 
BGS 1:50 000 Map Sheet 141, Loughborough, indicates that the site is underlain by: 

Superficial Deposits: None recorded. 

Solid Deposits: Gunthorpe Member (Mudstone – Mercia Mudstone Group) 

Ground Investigation: 

There are 9 No. relevant historical exploratory holes recorded within the design chainage, with 
additional 22 No. considered relevant, of which are shown on Geological Long Section, Drawing 
No. HA549342-AMAR-HGT-SWI-DR-CE-000021, Rev P01. 

  

 

Figure 3: Borehole Location Plan 
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Flood Risk: 

The earthwork is not located in an area where flooding is a risk. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE83/83R SK42NE101/101R  

 Borehole 
Chainage 

182725 182934  

 Borehole Location Verge Top of cutting  

 National Grid 
Reference 

E 447030, N 325170 E 447080, N 325370  

 Ground Level at 
Exploratory Hole 

75.72 metres Above 
Ordnance Datum 
(mAOD) 

75.6mAOD  

 RAG Analysis Green Green  

 Date Drilled 21/09/1984 01/10/1984  

 Termination Depth 5.20 metres below 
ground level (mbgl) 

6.50mbgl  

 Other suitable 
holes 

SK42NE55-57, SK42NE67, SK42NE82-91, and 
SK42NE94-102 

 

 

Existing Ground Conditions: 

The following ground conditions have been assumed based on historical Ground Investigation 
and driven LiDAR survey. 

Stratum 
Depth to Base 

(mbgl) 
Depth to Base 

(mAOD) 
SPT ‘N’ Value 

Range* 

Hand Vane 
Strength Range 

(kN/m
2
) 

Mercia Mudstone – 
III/IV 

Not Proven Not Proven 10-150 (40) - 

(1) Ground level is assumed to be at the crest of the cutting 

(2) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(3) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have been undertaken within historical exploratory holes 
SK42NE55-57, SK42NE67, SK42NE82-91, and SK42NE94-102. 

No hand vane strength tests have been undertaken within the historical exploratory holes. 
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Groundwater: 

The following groundwater data was recorded in the historical exploratory holes: 

 

 

Exploratory 
Hole ID 

Stratum 
Groundwater Strike Rise 

mbgl mAOD Time mbgl mAOD 

SK42NE102R 
Mercia 

Mudstone – 
Siltstone 

10.5 65.5 - - - 

SK42NE55 
Mercia 

Mudstone – 
III/IV 

3.9 73.1 20 minutes 3.8 73.2 

SK42NE56 
Mercia 

Mudstone – 
III/IV 

5.3 70.5 20 minutes 3.3 72.5 

SK42NE83R 
Mercia 

Mudstone – 
I/II 

5.0 71.3 - - - 

SK42NE86 
Mercia 

Mudstone – 
III/IV 

5.5 69.8 - - - 

SK42NE88 
Mercia 

Mudstone – 
Siltstone 

10.1 65.0 - - - 

SK42NE89 
Mercia 

Mudstone – 
Siltstone 

11.9 63.4 - - - 

SK42NE95 
Mercia 

Mudstone – 
Siltstone 

11.8 64.8 - - - 

Groundwater Design Level: 

A design groundwater level of 1.0m below ground level throughout cutting has been assumed. 
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

23 No. Atterberg Limit Test and 52 No. Natural Moisture Content tests were undertaken within 
the Mercia Mudstone – III/IV with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone 
– III/IV  

0.5-7.5 11-28 28-49 16-23 10-26 CL-CI 

8 No. Atterberg Limit Test and 23 No. Natural Moisture Content tests were undertaken within 
the Mercia Mudstone – I/II with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone 
– I/II  

0.3-7.0 7-22 31-39 16-23 13-17 CL-CI 

6 No. Atterberg Limit Test and 12 No. Natural Moisture Content tests were undertaken within 
the Mercia Mudstone – Siltstone with the following results: 

Stratum 
Depth to Top of 

Test (mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit (%) 

Plastic 
Limit (%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Mercia Mudstone 
– Siltstone 

0.5-7.5 8-23 24-39 16-20 6-19 CL-CI 

19 No. Triaxial Tests were undertaken in the Mercia Mudstone – III/IV with the following results: 

Stratum Depth to Top of Test (mbgl) Undrained Shear Strength (kN/m
2
) 

Mercia Mudstone – III/IV 0.5-5.0 45-400 

8 No. Triaxial Tests were undertaken in the Mercia Mudstone – I/II with the following results: 

Stratum Depth to Top of Test (mbgl) Undrained Shear Strength (kN/m
2
) 

Mercia Mudstone – I/II 0.5-5.0 110-450 
 

Lab Test Data – BRE Classification: 

Stratum Determinand Solid/Water No. of Tests Result (range) Unit 

Mercia Mudstone 
– III/IV 

pH 2:1 Solid/Water 
Extract 

10 7.7-8.2 - 

Mercia Mudstone 
– III/IV 

Sulphate 2:1 Solid/Water 
Extract 

9 0.05-0.08 g/l SO4 

Mercia Mudstone 
– I/II 

pH 2:1 Solid/Water 
Extract 

2 7.7-8.1 - 

Mercia Mudstone 
– I/II 

Sulphate 2:1 Solid/Water 
Extract 

2 0.01-0.06 g/l SO4 

Mercia Mudstone 
- Siltstone 

pH 2:1 Solid/Water 
Extract 

1 8.1 - 
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Mercia Mudstone 
- Siltstone 

Sulphate 2:1 Solid/Water 
Extract 

2 0.01-0.05 g/l SO4 
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Assumed Ground Model For Design: 

Ground model is based on Geological Long Sections HA549342-AMAR-HGT-SWI-DR-000021, Rev P01 and Section 5 of the GIR HA549342-AMAR-
HGT-SWI-RP-CE-000002, Rev P01. The below table outline the assumed anticipated ground model to be confirmed with ‘Just In Time’ Validation 
Ground Investigation: 
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Eu E’ vu ν’ 

Mercia Mudstone 

III/IV 

0.00 - 

>22.63 

77.40 -

>54.77 >22.63 21 27 2 200 13.8 11.0 0.50 0.20 
DS-1 

AC-1 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) cu of Mercia Mudstone – III/IV can be derived using the Stroud correlation. An f1 value of 5.0; combined with a characteristic SPT N value of 40, this gives a cu of 200kN/m
2
. 

(4) ϕ' of Mercia Mudstone – III/IV can be determined using Table 2 in BS8002:2015 using typical PI of 15% gives 27°. 

(5) Eu for Mercia Mudstone – III/IV can be derived using N values (Bowles) where Eu = 300 (N+6); using a characteristic SPT N value of 40 gives Eu = 13.8MN/m
2
. Using Wroth (1972) E’ can then be calculated using E’ = 2/3 (1 

+ v) Eu = 11.0MN/m
2
. 

(6) BRE Classification is determined using criteria set out in BRE Special Digest 1. 
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Figure 4: Geological Long Section 
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GEOTECHNICAL DESIGN CONCLUSIONS 

Proposed Earthwork Widening Solution: 

Following design, the below widening solutions are proposed: 

 

Start Chainage End Chainage Widening Solution 

182720 182760 Full Height Re-grade (1:3) 

182780 182790 Full Height Re-grade (1:3) 

182830 182900 Full Height Re-grade (1:3) 

 

Proposed Structural Solution: 

N/A. 
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FURTHER GROUND INVESTIGATION 
 
No further ground investigation is required at this location. 
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HISTORICAL EXPLORATORY HOLES 
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Client: Highways England Borehole ID:

Extrapolated SPT (N) Values >150 have not been shown
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Geotechnical Summary Sheet 

Job Name 
Highways England Smart Motorways Programme: 
SMP M1 J23a – J25 

HA Pin 549342 

Document Reference HA549342-AMAR-HGT-184860-185000SB Slip Road-GSS-000001 

Earthworks Widening 
Solution 

King Sheet Pile Retaining Wall 

Design Chainage 184860-185000 

Carriageway Southbound 

Marker Post MP184/8B+60 – MP185/0B+00 

National Grid Reference E 447567, N 327257 – E 447588, N 327388 

Existing Ground Level at 
Location 

Carriageway  44.16mAOD 

Toe of embankment 39.55mAOD 

Earthwork Type NB: N/A SB: Embankment  HAGDMS designation  

Earthwork Number NB: N/A SB: 7_M1_54219 HAGDMS designation   

Earthwork Height NB: N/A SB: 4.6m 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Earthwork Angle NB: N/A SB: 20° 
From Lidar Survey TMM_M1_Jct_24-
25_Rev0_20150130 

Revision 00 

 Name Date Signature 

Author 

Checked 

Reviewed 

Approved 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

Laboratory and In-Situ testing specifically relate to the relevant borehole(s) associated with this location. 
Where no local data exists, generalised information for each strata has been taken from the AMAR GIR.  
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DESK STUDY 

 

 

 
 
Figure 1: Location Plan 
 

Proposed Widening:   

A steel king sheet pile retaining wall has been proposed at J24 On Slip due to verge widening. 

Topography:   

Topographic information, in the form of a Lidar survey (TMM_M1_Jct24-25_Rev0_20150130), has 
been supplied to AMAR indicating that the earthwork at the location is classified as an embankment 
of 1.4-4.6m height and a typical slope angle of 20°. 

The maximum embankment height is at ch.184860, however the maximum retained height is at ch. 
184950 as a result greater verge widening proposed at this location. As a result, two critical cross 
sections were used to complete the analysis as shown below: 

 

Figure 2: Topographic Critical Cross Section Ch184860 
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Figure 3: Topographic Critical Cross Section Ch184950 

 

Utilities:  

No known utilities present between 184860 and 185000 on the slip road. 

 

Geology:  

The British Geological Society (BGS) online Geology of Britain map viewer in conjunction with BGS 
1:50 000 Map Sheet 141, Loughborough;  indicates that the site is underlain by: 

Superficial Deposits: Egginton Common Sand And Gravel Member - Sand And Gravel 

Solid Deposits: Edwalton Member (Mercia Mudstone Group) 

Ground Investigation: 

1 No. historical exploratory hole is located between 184860 and 185000. 
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Figure 3: Borehole Location Plan 

Flood Risk: 

This location is not within a flood risk zone. 

Historical Boreholes: 

 Relevant Borehole 
Number 

SK42NE9  

 Borehole Chainage 184918  

 Borehole Location Northbound  

 National Grid 
Reference 

E 447530, N 327300  

 Ground Level at 
Exploratory Hole 

40.10AOD  

 Date Drilled 16/08/1961 – 17/08/1961  

 Termination Depth 6.10 metres below ground level (mbgl)  

 

Other suitable holes  None 
 

 

 

 

Existing Ground 
Conditions: 
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The following ground conditions are assumed based on previous GI data.  
 

Stratum 
Depth to Base 

(mbgl
+
) 

Depth to Base 
(mAOD) 

SPT ‘N’ Value 
Range* 

Embankment Fill 6.5 2 - 

Mercia Mudstone III/IV <10mbgl 10.00 26.1 - 

Mercia Mudstone III/IV >10mbgl - - - 

(1) Ground level is assumed to be at carriageway level. 

(2) Embankment height will vary per location analysed, therefore the above elevation/depth of embankment fill may vary. 

(3) SPT capped at 150. Characteristic ‘N’ Values are given in brackets. 

(4) Given the uncertainties on ground conditions, only Mercia Mudstone –III/IV has been used in the ground model. 

 

 

In Situ Testing: 

Standard Penetration Tests (SPTs) have not been undertaken within the historical exploratory hole.. 

Groundwater: 

Groundwater was encountered within SK42NE9 at 1.07mbgl. 

Groundwater Design Level: 

A groundwater level of 1.0m below toe of embankment has been assumed for WALLAP analysis for 
king sheet piles. When checking the global stability check of the earthwork and king sheet pile 
(analysed using SLOPE W) an Ru value of 0.2 for has been used for all strata.  
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GEOTECHNICAL PARAMETERS 

Lab Test Data - Geotechnical Testing: 

2 No. Atterberg Limit Tests, 3 No. Moisture Content Tests and 2 No. Undrained Triaxial Tests 
were undertaken within the Mercia Mudstone layer in the historical exploratory hole with the 
following results: 

Stratum Depth to Top 
of Test 
(mbgl) 

Natural 
Moisture 

Content (%) 

Liquid 
Limit 
(%) 

Plastic 
Limit 
(%) 

Plasticity 
Index (%) 

Plasticity 
Class 

Cu 
(kN/m

2
) 

Mercia 

Mudstone 
3.05 18 - - - - - 

Mercia 

Mudstone 
3.35 - 36 21 15 CI 110 

Mercia 

Mudstone 
4.27 - 39 21 15 CI 93 

Mercia 

Mudstone 
4.57 21 - - - - - 

Mercia 

Mudstone 
5.18 26 - - - - - 

  
 
 

Lab Test Data – BRE Classification: 

The following chemical testing data was available from the historical exploratory holes: 

Stratum Determinand Solid/Water No. of Tests 
Result 
(range) 

Unit 

Embankment Fill pH Solid 1 8.4 - 

Embankment Fill pH Water 1 8.6 - 

Embankment Fill 
Sulphate (Total) as 

SO4 
Solid 1 0.06 %SO4 

Embankment Fill 
Sulphate (Total) as 

SO4 
Water 1 0.03 g/l 
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Assumed Ground Model For Design: 

Ground model based on geological long sections HA549342-AMAR-HGT-SWI-DR-CE-000031 and Section 5 of the GIR HA549342-AMAR-HGT-
SWI-RP-CE-000002. The below table outlines the assumed anticipated ground model: 
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Young’s Modulus 
(MN/m

2
) Poisson’s Ratio 

B
R

E
 C

la
s
s
if

ic
a
ti

o
n
 

Eu E’ E Vu ν’ ν 

Embankment Fill 
0.00 – 

6.50 

44.16 – 

37.66 
6.50 21 27 0 100 7.8 6.2 - 0.5 0.20 - 

DS-2 

AC-2 

Mercia Mudstone 

– III/IV (<10mbgl) 

6.5 – 

10.16  

37.66 – 

34.00 
3.66 21 30 2 100 10.8 8.60 - 0.5 0.2 - 

DS-2 

AC-2 

Mercia Mudstone 

– III/IV (>10mbgl) 
>10.16 <34.00 - 21 30 2 150 16.8 13.4 - 0.5 0.2 - 

DS-2 

AC-2 

(1) This table is to be read in conjunction with the AMAR GIR (2016) and AMAR GDR (2016) and should not be used in isolation. The above parameters are an interpretation of the findings from local historical GI data (where 

data was available) for the proposed location only. 

(2) Due to limited localised GI data, typical values for bulk density, cohesion and Poisson’s ratio derived in the AMAR GIR are used. 

(3) Due to limited localised data, the geotechnical parameters have been based on average conservative values derived in the AMAR GIR. 

Granular material to be allow widening of the verge has been assumed to have the following properties: 

Stratum 
Bulk Densityb  

(kN/m
3
) 

Friction Angle’ 

 (°) 

Young’s Modulus E’  

(MN/m
2
) 

Poisson’s Ratio ν’ 

Granular Fill 20 36 20 0.25 
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Figure 4: Geological Long Section 
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Proposed Earthwork Widening Solution: 

 

Earthwork regrade was considered at this location, however due to additional land take, this 
solution was not viable. A retaining wall is recommended as the earthwork widening solution: 

 

Start 
Chainage 

End 
Chainage 

King 
Section 

Type 

Retained 
Height 

(m) 

Embedded 
Depth (m) 

Total 
Pile 

Length 
(m) 

Maximum 
Structural 
Degree of 
Utilisation 

(%) 

Global 
Earthwork 
Stability 

Maximum 
Degree of 
Utilisation 

(%) 

Maximum 
Deflection 

(mm) 

Maximum 
Bending 
Moment 
(kN.m/m) 

184860 184500 
AZ-12  

S 390 GP 
1.0 3.0 4 80 68 11 13 

  
Intermediate king sheet piles to be a pair of AZ-12 770 grade S270 GP steel with a minimum 
embedment depth of 1.0m below ground level. 

 
Corrosion of the king and intermediate sheet pile has been considered and the specified 
section and steel grade is deemed adequate having sufficient thickness for a 120 year 
design life. 
 
 

 
 

  

GEOTECHNICAL DESIGN CONCLUSIONS 
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Additional GI for this location will be undertaken to confirm ground conditions. The following 
is scheduled: 

 T-CCD-12 – 184931 on SB on Slip up to a maximum depth of 5mbgl. 
 
 
 

  

FURTHER GROUND INVESTIGATION 
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HISTORICAL EXPLORATORY HOLES 
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PLOTS 
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Appendix B.  ‘Just in Time’ Validation 
Ground Investigation Specification 



Smart Motorways Programme M1 J23a to 25 
Addendum to Specification Appendix 1/5 – Validation Ground Investigation 
Specification 
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Notice 

This document and its contents have been prepared and are intended solely for Highways England’s 
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Preamble 

The Specification referred to in this document shall be the “UK Specification for Ground Investigation” 
(Second Edition, 2012), published by ICE (Institute of Civil Engineers) Publishing, modified and 
extended by any Amended, Additional or Cancelled Clause or Table listed in Schedules 4 and 5. 

An Amended Clause as indicated by the suffix "M" is a modification originating from the Overseeing 
Organisation.  An Amended Clause suffixed "MR" is a Regional or scheme specific modification. 

Any Additional Clause supplementing the Specification with a suffix "A" originates from the 
Overseeing Organisation.  A Clause with suffix "AR" is a Regional or scheme specific addition. 

A Cancelled Clause is indicated by the suffix "C" or "CR" and is a Clause entirely deleted from the 
Specification either by the Overseeing Department or a scheme specific cancellation respectively. 

Insofar as any of the numbered Appendices, Additional or Amended Clauses may conflict or be 
inconsistent with any provision of the specification for Ground Investigation, then the numbered 
Appendices, Additional or Amended Clauses shall always prevail. 

Any references in the Contract to a Clause number or Appendix shall be deemed to refer to any 
amended version of that Clause or Appendix as listed in Schedules 4 and 5. 

Reference to Clauses shall apply equally to Tables.  Where a Clause is amended, any Tables referred 
to in the original Clause shall apply unless the Table is also amended.  When a Table is amended any 
reference in a Clause to the original table shall apply to the amended Table. 

Any Clauses or Appendices in the Specification which relates to work or materials not required for the 
Investigation shall be deemed not to apply. 

Any Appendices or Schedules referred to in the Specification which are not used shall be deemed not 
to apply. 
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1. Schedule 1 - Information 

1.1. Name of Contract 
Smart Motorways Programme (SMP) M1 Junction 23a to Junction 25. 

1.2. Investigation Supervisor 
Amey Arup (AMAR) will fulfil the role of Principal Designer and will be the Ground Investigation Supervisor. 

The Principal Contractor shall be responsible for procurement and planning of the Ground Investigation (GI) in 
accordance with this Specification. The Principal Contractor shall define the Conditions of Contract, however it 
shall be assumed to be the NEC3 Engineering and Construction Contract (2005), Option B and Option W1 
unless otherwise confirmed. 

1.3. Description of Site 
The Site stretches from M1 Junction 23a (The South West, Tamworth and Birmingham A42 (M42)) to Junction 
25 (Nottingham South, Derby A52), Northbound and Southbound.  

1.4. Main Works Proposed and Purpose of This Contract 
This document details the specification for Validation (“Just in Time”) GI for the above Contract. This 
Specification has been provided by AMAR (the Principal Designer/GI Supervisor) to the Principal Contractor 
for the purposes of pricing.  

The proposed SMP scheme for M1 Junctions 23a to 25 includes the following elements: 

 Smart Motorway infrastructure to enable hard shoulder running; 

 Emergency Refuge Areas (ERAs); 

 Lane specific signals and gateway gantries; 

 Rigid concrete barrier in central reserve; 

 Lighting; 

 Pavement and drainage renewals; 

 Environmental barrier; and 

 Tie-in to development of the proposed strategic rail freight terminal between Junctions 24 and 24a. 

This GI Specification describes the Validation (“Just in Time”) GI required at proposed gantry and ERA 
locations to validate the ground conditions utilised in design, where necessary. 

It is anticipated that the works will comprise the following: 

 Setting out of exploratory hole locations; 

 Excavation of hand dug service inspection pits for service location prior to commencement of all 
exploratory holes; 

 50 No. dynamic sampling boreholes with rotary follow on using a multi-purpose rig to specified depths; 

 4 No. dynamic sampling boreholes with rotary follow on using a slope climbing rig to specified depths; 

 6 No. Cone Penetration Testing (CPT) holes to specified depths; 

 6 No. Thermal Resistivity/Conductivity test at specified depths; 

 In-situ Standard Penetration Tests and hand shear vane tests where suitable; 

 Recovery of Class 1 to Class 5 soil samples and samples for chemical analysis from exploratory 
holes;  

 Recovery of core samples where rotary drilling undertaken; 

 Backfilling of exploratory holes upon completion; 
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 Controlled storage of soil and groundwater samples recovered during fieldworks prior to transportation 
to laboratory facilities; 

 Laboratory testing of soil samples and water samples;  

 Surveying of levels and co-ordinates of all exploratory holes; and 

 Production of a Factual Report in accordance with BS EN 1997-1:2004+A1:2013 and BS EN 1997-
2:2007. 

1.5. Scope and Objectives of the Contract 
The purpose of this Validation GI is: 

 To verify the ground conditions assumed in geotechnical design, including the ground model and soil 
parameters. 

 To identify contamination and ground chemistry of the underlying soils with particular attention to 
geotechnical engineering constraints and waste disposal. 

The GI shall be programmed to be undertaken at each location in sufficient time to allow for undertaking the 
investigation works, production of exploratory hole logs, completion of necessary geo-environmental testing 
and validation of design (if necessary) prior to construction works. An indicative programme is provided in 
Schedule 1.8.  

1.6. Geology and Ground Conditions 
Large extents of the Site are situated on significant height embankments; the geology noted below is from the 
base of embankments. For the majority, Embankment Fill comprises re-worked Mercia Mudstone. 

The British Geological Survey (BGS) records that the Site lies within an area where predominately coarse 
grained Glaciofluvial Deposits are likely to be encountered at ground level, especially between Junctions 24 
and 25. Fine grained deposits in the form of Head and Alluvium are also present in close proximity to some 
surface water features Site. BGS records show the Superficial Deposits to be underlain by mudstones, 
siltstones and sandstones of the Mercia Mudstone Group of varying formations. 

1.7. Schedule of Drawings 
The location of the Site and a proposed exploratory plan are included as Appendix A. Utilities drawings are 
included in Appendix B. 

1.8. General Requirements 
Times for completion are set out below: 
 
 

Description of Work 

 

Time For Completion from Start Date 

Section 1 

(Site works: exploratory holes, their associated in-situ testing 
and submission of drillers records, topographic survey) 

TBC 

Section 2 

Preliminary exploratory hole logs and in-situ testing data (logs 
should include both Engineer’s logs and driller’s logs) 

MUST be issued to the Designer up to 
48hours after completion of exploratory hole.  
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Description of Work 

 

Time For Completion from Start Date 

Section 3 

Preliminary laboratory test data 

MUST be issued to the Designer up to 2 
Weeks after completion of exploratory hole 

Section 4 

Submission of final exploratory hole data and lab data as a 
Factual Report complete with AGS format data 

MUST be issued to the Designer up to 4 
Weeks after completion of GI. 

The method of measurement for the works is the Method of Measurement for GI for Highway Works, 
(MCHW5.3, August 1997), published by the Stationery Office Ltd.  

Notwithstanding depths of exploratory holes shown in Schedule 2, no exploratory hole shall be commenced, 
terminated or backfilled without the agreement of the AMAR Supervising Engineer. 

All personnel working on the Highway infrastructure shall have an up to date Personal Highway Safety (PHS) 
and/or Construction Skills Certification Scheme (CSCS) competence and have undertaken the Principal 
Contractor site induction. 

Lubricants used on equipment are to be vegetable based.  Equipment shall be degreased as necessary 
before use on Site and between holes. 

Geotechnical testing to be carried out by UKAS accredited laboratories.  Environmental testing to be carried 
out by a laboratory possessing UKAS approval for all analytical methods specified in the Contract.  
Documentation must be supplied with the Tender. 

Works are to be undertaken within Traffic Management (TM) provided by the Principal Contractor. 

1.8.1. Quality Management System 

Works shall be carried out in accordance with the requirements of BS EN 1997 Eurocode 7: Geotechnical 
Design parts 1:2004+A1:2013 and 2:2007, as well as EN ISO 22475 Geotechnical investigation and testing 
Part 1:2006 and the other supporting standards. 

The Contractor shall submit to the Engineer for approval all detailed method statements including statements 
that the appropriate sample classes can be achieved.. 

1.8.2. Professional Attendance 

Copies of the British Drillers Association (BDA) and CAT and GENE Certificates of Competence for each 
driller on Site shall be provided to the AMAR Engineer prior to commencement of Siteworks. All other Site 
operatives shall be able to demonstrate having achieved the required level of competence for operating plant 
and equipment. In addition, evidence of current appropriate health and safety training shall be provided with 
the tender. 

The GI Contractor will provide full-time engineering supervision of the Site works. The Engineer or 
Engineering Geologist specified by Clause 3.12.1 shall possess at least 3 years post graduate experience 
supervising GI works. They will have a degree in Civil Engineering, Engineering Geology or Geology, and 
have adequate knowledge and experience of the technical direction and output required for the Site 
Operations. This Engineer or Engineering Geologist may be the person appointed to the Site by the 
Contractors agent or representative under the Conditions of Contract, or he may supplement that person 
should that person not have the preceding technical experience. 
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The description of soils and logging of continuous samples shall be carried out by an Engineer or Engineering 
Geologist with at least 3 years post graduate experience in the examination and logging of soils in accordance 
with BS EN 1997-2:2007, BS 5930:2015 and BS EN ISO 14688-1:2002+A1:2013. That person shall have an 
appropriate degree. 

The Contractor should supply CV’s of proposed technical staff for the works. 

There is no requirement in the Contract for interpretative or advisory services. 

1.8.3. Provision of Ground Practitioners and Other Personnel 

The Contractor is to prepare a full factual Ground Investigation Report (GIR) in accordance with the 
requirements of Eurocode 7 following the GI works. Exploratory hole logs are to be provided throughout the GI 
programme as stipulated in Schedule 1.8. The Contractor’s expected staff times for report compilation, 
preparation and checking are to be charged for based on Annex A. The Contractor is required to complete the 
Bill of Quantities in Appendix A. 

No other personnel (Clauses 3.6.2 of the Specification) are to be provided by the Contractor. 

1.8.4. Hazardous Ground, Land affected by Contamination and Notifiable and Invasive 
Weeds 

There are no known notifiable or invasive weeds at this time. 

1.8.5. Additional Information on Services Not Shown on Contract Drawings 

Existing service plans are included in Appendix B. 

The Contractor shall review all services information provided, (including overhead and buried utilities) prior to 
the start of the works to identify exploratory hole locations that are remote from services. 

A services inspection pit shall be excavated by the Contractor for all exploratory holes. 

1.8.6. Known/Suspected Mine Workings/Mineral Extractions 

None. 

1.8.7. Protected Species 

An Ecologist is to be on Site to monitor any vegetation clearance required. 

1.8.8. Archaeological Remains 

N/A. 

1.8.9. Security of Site 

Works will be undertaken under TM, provided by the Principal Contractor. When not in the use all drilling 
equipment must be stored in the designated Site areas or left securely fenced off using Herras Fencing. No 
machinery or equipment is to be left on the Site after completion of a shift when TM is not in use. 

All  holes,  excavations,  machines  and  equipment  shall  be supervised  at  all  times  by  suitably  
experienced  and  qualified personnel and the Site kept tidy. All plant shall be operated by suitably 
experienced and certified/qualified personnel.  
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The Contractor is responsible for the security of all plant, personnel and compounds. The Contractor must 
secure the working areas during the entirety of the works, both during the day and at the end of each working 
day. The Site must be restored and secured like-for-like on completion of the contract. 

The storage of exploratory hole equipment, containers etc. is to be arranged by the Contractor. 

1.8.10. Traffic Management Measures 

Works are planned adjacent to a live Motorway; therefore TM system is required. The TM will be provided by 
the Principal Contractor. The Contractor shall be inducted into the Principal Contractors safe systems of work 
and will be assumed to have allowed for induction time in their Tender. 

All Contractors’ personnel are required to wear EN ISO 20471:2013 Class 3 compliant PPE in accordance 
with; both the Principal Contractors Site rules and specification set out by Highways England; at all times while 
engaged on works, or visiting Site.  

The Contractor will furnish the Principal Contractor with a method statement and risk assessment at least 2 
weeks prior to the commencement of works. The Contractor must hold a copy of these documents on Site at 
all times. The method statement and risk assessment will be signed by the Contractors’ personnel to confirm 
familiarity. 

1.8.11. Restricted Working Hours 

To be confirmed by the Principal Contractor. However night-time working is expected. 

1.8.12. Trainee Site Operatives 

The Contractor shall ensure that any trainee operatives on site are supervised by an appropriately qualified 
and experienced operative. 

1.8.13. Contamination Avoidance and/or Aquifer Protection Measures Required 

GI on potentially contaminated land requires special measures and provisions with respect to health and 
safety, drilling techniques and environmental protection.  

The Contractor shall provide appropriate PPE. Method statements shall be submitted to AMAR for approval 
10 working days prior to commencement of works. Method statements are to include COSHH assessments of 
materials that may be used by the Contractor. Excess arisings may require waste disposal to a licensed 
facility and a duty of care must be adopted by the Contractor. 

1.8.14. Maximum Period of Boring, Pitting or Trenching Through Hard Material, Hard 
Stratum or Obstruction 

Dynamic sampling boreholes are scheduled for rotary follow on (where required). Upon encountering bedrock 
the AMAR Engineer should be immediately contacted.  

1.8.15. Reinstatement Requirements 

The Contractor shall backfill all exploratory holes using a 1:1 cement/bentonite grout mix. Reinstate surface 
using cold laid tarmac to previous condition with smooth finish in accordance with the New Roads and 
Streetworks Act and the Specification for the Reinstatement of Openings in Highways. 

The Site shall be left clean and tidy on completion of the works. On completion of each exploratory hole, the 
reinstated surface shall be to the approval of the AMAR Supervising Engineer. 
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1.8.16. Hygiene Facilities Required 

The Contractor is to provide a HSE compliant welfare van for works. 

1.8.17. Unavoidable Damage to be Reinstated by Contractor 

N/A. 

1.8.18. Accuracy of Exploratory Holes Locations 

The location of each exploratory hole shall be as shown on the Exploratory Hole Location Plan and as per 
Schedule 2. Before any excavation of an exploratory hole commences, the AMAR Engineer shall agree the 
position of the hole.  

The Contractor shall be responsible for setting out the exploratory holes to an accuracy of 0.5m in plan. The 
locations and ground levels at each exploratory hole location shall be recorded in relation to the Ordnance 
Survey National Grid and Ordnance Datum. Ground levels at exploratory holes shall be recorded to 50mm 
accuracy.  

1.8.19. Photography Requirements 

Sufficient photographs to show the condition of the Site prior to the start of works and an analogous set of 
photographs on completion. 

Photographs shall be taken digitally with a camera of sufficient resolution and provided on a CD-ROM, fully 
annotated and labelled. 

Photographs shall be taken of all dynamic sample liners recovered and all core samples prior to sub-sampling.  
Photographs shall include a photo board containing as a minimum: the exploratory hole ID, date of 
completion, job name and number, depth reached and a colour chart. 

1.9. Particular Borehole Requirement 
50 No. exploratory holes have been scheduled for this investigation, utilising a dynamic sampling/rotary multi-
purpose rig; an additional 4 No. exploratory holes are situated on slopes, as such a suitable drilling rig/method 
should be employed. It is envisaged that 6 No. additional exploratory holes will be undertaken using CPT.  

Where specified, the drilling rig shall be capable of Sampling Category A and Sampling Category B in 
accordance with EN 1997-2:2007 and EN ISO 22475-1:2006, to recover Class 1 to Class 3 quality samples. 

The minimum diameter of borings or internal diameter of casing shall be suitable to enable the full scheduled 
depth of each hole to be achieved. Where borings are of such depth that the advancement of a casing 
becomes impracticable or where hard strata and obstructions are likely to be met, the Contractor shall bore or 
provide casings of sufficient diameter to complete the work. 

Exploratory hole diameter shall be sufficient to facilitate full core recovery from rotary boreholes.  

The Contractor shall be responsible for selecting the appropriate diameter casing at the start of boring/drilling 
to account for any necessary reduction in casing size to achieve the minimum diameter required at the base of 
the exploratory hole. 

1.9.1. Permitted Methods and Restrictions 

The Contractor will be responsible for choosing an appropriate casing to ensure that the exploratory hole can 
be progressed via rotary coring methods following completion of dynamic sampling where specified. 

In reference to encountering obstructions or hard stratum, not including bedrock, the Contractor shall employ 
chiselling techniques for a period of up to 1 hour. Should this not penetrate the stratum or obstruction the 
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Contractor shall inform the AMAR Engineer who will instruct subsequent action, which may include further 
chiselling or switching to rotary cored follow-on techniques. 

4 No. Boreholes are scheduled to be advanced using a suitable slope climbing rig in areas of cutting. 

1.9.2. Backfilling 

Exploratory holes shall be backfilled with a 1:1 bentonite/cement grout fill. 

1.9.3. Dynamic Sampling 

In the interest of cost saving and reducing the amount of equipment mobilised to Site a multi-purpose dynamic 
sample/rotary coring rig may be employed. 

Windowless liner techniques must be employed.  

One  photograph  of  the  undisturbed  complete  sets  of  window samples  for  each  exploratory hole  are  
required  prior  to  splitting  for logging and sub-sampling. This should have a borehole identifier board and 
scale present. 

Concrete coring will be required to allow removal of a 250mm minimum diameter plug of pavement material, if 
necessary, to allow advancement of the services inspection pit and the borehole. 

1.10. Rotary Drilling 

1.10.1. Augering Requirements and Restrictions 

N/A. 

1.10.2. Particular Rotary Drilling Techniques 

The Contractor shall carry out rotary core drilling following on from the 50 No. dynamic sampled boreholes on 
the instruction of AMAR and as defined in Schedule 2. The Contractor may choose to re-drill that depth of a 
borehole previously achieved by dynamic sampling using open hole rotary techniques before switching to 
rotary core drilling if a time, cost or safety benefit can be demonstrated to AMAR in doing so. The Contractor 
shall notify the AMAR Engineer immediately of any obstruction encountered. 4 No. rotary cored boreholes will 
need to be advanced using a suitable slope climbing rig. 

The method of rotary core drilling selected by the Contractor shall ensure that a minimum core recovery of 
90% can be achieved. In the case where less than 90% core recovery arises, the Contractor shall take 
immediate and appropriate action to re-establish 90% core recovery. If the prevailing conditions are such that 
90% core recovery cannot be achieved, the Contractor shall notify the Engineer immediately. 

All cores shall be stored in secure boxes for storage and transport. A continuous engineering log and 
photographic record shall be provided of all core samples. The photographs will be in accordance with the 
specifications stated in Section 1.8.19. All cores shall be transported to the Contractors premises and stored 
in a protected, secure, dry storage space for a minimum period of 3 months and a maximum of 6 months, after 
completion of the final Factual Report.  

The cores shall be stored in such a way that all cores shall be easily accessible for viewing. No boxed core 
shall exceed 1.5m in length. 

Provision for large diameter rotary coring of hardstanding/road surfaces should be allowed for to enable the 
initial excavation of inspection pits at locations specified. 
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It is anticipated that traffic management will be removed from site at the end of each shift, as such all 
recovered geotechnical/geochemical samples should be removed from site at eh end of each shift and 
transported to the GI contractors depot/laboratory ready for scheduling. 

1.10.3. Drilling Fluid Type and Collection 

Air mist / recirculated water flush. 

Water shall not be used to assist the advance of the borehole above the water table unless approved by the 
AMAR Engineer. Where drilling takes place below the water table a positive head of water shall be maintained 
to prevent disturbance of soils during drilling operations. The Contractor is responsible for monitoring and 
recording the volume of any water added to assist drilling. 

Where artesian water is encountered in a borehole, AMAR’s Engineer shall be immediately advised and an 
attempt to contain the artesian head by extending the casing shall be made. Where the artesian head exceeds 
the extended casing the borehole shall be capped and a pressure gauge and bypass to measure the pressure 
head of the artesian water fitted. On completion the exploratory hole shall be grouted. 

1.10.4. Rotary Core Drilling Equipment and Core Diameter 

Refer to 1.10.2 and Clauses 5.4.1 and 5.4.2. 

1.10.5. Core Logging 

The description of soils and logging of continuous samples shall be carried out by an Engineer or Engineering 
Geologist with at least 3 years post graduate experience in the examination and logging of soils in accordance 
with BS EN 1997-2:2007, BS 5930:2015 and BS EN ISO 14688-1:2002. That person shall have an 
appropriate degree. 

1.10.6. Core Sub-Samples for Laboratory Testing 

See 1.13. 

1.10.7. Address for Delivery of Selected Cores 

Sample storage and transportation shall be in accordance with BS EN ISO 22475-1:2006. 

1.10.8. Rotary Open-Hole Drilling General Requirements 

Rotary open hole drilling may be used where an adjacent dynamic sampling hole has been undertaken.   

It is anticipated however that rotary holes will follow on form the base of the dynamic sampling therefore open 
hole drilling is not anticipated. 

1.10.9. Rotary Open-Hole Drilling for Locating Mineral Seams, Mine Workings etc. 

N/A. 

1.10.10. Open-Hole Resonance (Sonic) Drilling 

N/A. 

1.10.11. Resonance (Sonic) Drilling with Sampling or Continuous Coring 

N/A. 
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1.10.12. Backfilling 

The Contractor shall backfill all the boreholes not intended for installation using a cement/bentonite grout mix 
of equal weight proportions in accordance to clause 2602 of the Specification of Highway Works (except 
where installations are required – in this case the AMAR Engineer will provide details on Site).  

Boreholes that are positioned on the highway shall be reinstated to the condition prior to the investigation with 
a smoothed tarmacadam surface with no defects apparent in accordance with the New Roads and Steelworks 
Act (1992) and the Specification for the Reinstatement of Openings in Highways (2006). 

The Site shall be left in clean and tidy conditions on completion of the works. All reinstatement shall be to the 
satisfaction of the AMAR Engineer. 

1.10.13. Core Photographic Requirements 

All extracted material will be photographed both prior to destructive logging/sub-sampling  

As specified, except that prior to photography, labelling of the core is to be added to show where it has or may 
have been affected by SPT’s. All sub-specimen locations are to be identified by spacers with clear labelling of 
the depth range and sub-sample number. 

1.11. Pitting and Trenching 

1.11.1. Indirect Detection of Buried Services and Inspection Pits 

The Contractor shall satisfy himself as to the position of publicly and privately owned services or supplies 
affected by the investigation through STATS plans provided by AMAR and/or the Principal Contractor. Prior to 
any excavation the Contractor will carry out a CAT and GENE scan at each location. When the operator is 
satisfied that the location is clear of any services a hand dug inspection pit will be excavated to a depth of 
1.20m bgl or natural ground level whichever is the shallower. The base of the inspection pit shall have a 
minimum base area of 0.2m by 0.2m.  When the inspection pit is complete the base of the pit shall be 
scanned again to confirm that no services are present prior to drilling or further excavation. 

The Contractor will operate under their own ‘permit to dig’ system. A copy of each completed ‘permit to dig’ 
shall be provided to the AMAR Engineer within 48 hours of mobilising for investigation. 

The Contractor shall, during the progress of the works, take all measures required by the management of 
other publicly or privately owned services or supplies 

1.11.2. Restrictions on Plant or Pitting/Trenching Methods 

Hand tools are to be used for the excavation of inspection pits and to comply with the method of excavation 
described in Clause 6.2. 

1.11.3. Entry of Personnel 

N/A. 

1.11.4. Alternative Pit and Trench Dimensions 

N/A. 

1.11.5. Abstracted Groundwater from Land Affected by Contamination 

N/A. 
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1.11.6. Backfilling 

All inspection pits are to be backfilled with compacted arisings. 

1.11.7. Photographic Requirements 

Colour photographs of each pit to be taken with a colour board indicating Site, date, exploratory hole and 
depth. 

1.11.8. Artificial Lighting 

Lighting is to be supplied by the Contractor for use during night shift works.. 

1.11.9. Provision of Pitting Equipment and Crew for Investigation Supervisor’s Use 

N/A. 

1.12. Sampling and Monitoring During Intrusive Investigation 
All samples taken from exploratory holes shall, at the end of each shift, be stored in a suitable environment to 
preserve the original moisture and physical conditions as in-situ, and protected from excessive heat or 
freezing conditions. Samples for chemical analysis shall also be stored in appropriate refrigerated conditions 
or collected from Site by courier on a daily basis. 

All samples shall be removed from Site so as to reach the laboratory within 48hours for chemical analysis and 
48hours for geotechnical testing. 

Long-term storage conditions are to be in accordance with the applicable guidance to preserve samples. 

1.12.1. Address for Delivery of Selected Geotechnical Samples 

Sample storage and transportation shall be in accordance with BS EN ISO 22475-1:2006.. 

1.12.2. Retention and Disposal of Geotechnical Samples 

Geotechnical samples shall not be disposed of until 2 months after submission of the approved final Factual 
Report.. 

1.12.3. Frequency of Sampling for Geotechnical Purposes 

All sampling will be undertaken in accordance with the requirements of BS EN 1997-1:2004+A1:2013, BS EN 
1997-2:2007 and BS EN ISO 22475-1:2006.  

Bulk samples should be taken at every stratum change as well as disturbed samples. Within the inspection 
pits, bulk disturbed samples should be taken at 0.5m depth and again at the base of the inspection pits. 

Bulk samples should be of sufficient volume to undertake a particle size distribution envelope to BS EN ISO 
22475-1:2006. 

Within cohesive material take 1 No. small disturbed sample at each change in stratum followed by a 
UT100/UT70 sample at 1m intervals within first 5m and then at 1.5m intervals thereafter to final depth. 

In granular material take 1 No. small disturbed sample at each change in stratum followed by SPT tests at 1m 
intervals within the first 5m and then at 1.5m intervals thereafter to final depth. Take 1 No. bulk sample at each 
SPT test. 
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All undisturbed samples shall be protected from moisture changes immediately after sampling and shall be 
handled with utmost care to prevent harm during storage and transport. 

The Contractor will be responsible for the protection of all samples and for their transport to the laboratories. 
The samples should be retained until AMAR gives written notification that the samples can be disposed of.  

Geotechnical samples shall not be disposed of until 2 months after submission of the approved final Factual 
Report. 

1.12.4. Open-Tube and Piston Sample Diameters 

N/A. 

1.12.5. Retention of Cutting Shoe Samples 

Cutting shoe material shall be retained as a small disturbed sample. 

1.12.6. Delft and Mostap Sampling 

N/A. 

1.12.7. Groundwater Level Measurements during Exploratory Hole Construction 

Upon encountering groundwater the depth that it is struck should be recorded, all drilling works will cease and 
the level of the groundwater monitored for any rises for a period of 20minutes and the findings recorded on the 
exploratory hole log. 

1.12.8. Special Geotechnical Sampling 

N/A. 

1.12.9. Address for Delivery of Selected Samples 

N/A. 

1.12.10. Retention and Disposal of Contamination Samples 

Contamination samples will be disposed of once chemical testing laboratories deem them to be no longer 
suitable for testing. 

Samples are to be stored on Site in accordance with protocols agreed with the Engineer, and will be arranged 
by the Contractor to be collected each day from Site by a courier provided by the laboratory, to be agreed by 
the Engineer, or preserved under refrigerated conditions on Site. 

All samples for contamination analyses shall be stored and transported in cool boxes with pre-frozen ice 
packs and submitted directly to the laboratory from Site within 48hourrs of sampling. ‘Chain of Custody’ form 
shall accompany each batch of samples with a copy retained on Site during works and submitted to the 
Engineer with the exploratory hole logs. The ‘Chain of Custody’ shall include the sample details in full 
combined with any special instructions indicated by the Engineer. 

1.12.11. Frequency of Sampling 

The following Contamination testing will be required in accordance with BS 10175:2011+ A1:2013: 

2 No. representative samples from 0.5m and 1.2m depth in trial pits undertaken before drilling. Samples are to 
include:  
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 2 No. 1kg plastic plain/500g plastic plain tubs (depending on laboratory requirements) for the 
inorganics (metals and asbestos).  

 2 No. 250g glass amber jar for PAH, EPH (hydrocarbons). Full to brim no headspace.  

 2 No. 60g glass amber jar for gasoline range organics and volatiles. Full to brim no headspace.  

1 No. representative sample from each exploratory hole per every 1m of Made Ground in each of the 
exploratory holes. Samples are to include:  

 2 No. 1000g plastic plain/500g plastic plain tubs (depending on laboratory requirements) for the 
inorganics (metals and asbestos).  

 2 No. 250g glass amber jar for PAH, EPH (hydrocarbons). Full to brim no headspace.  

 2 No. 60g glass amber jar for gasoline range organics and volatiles. Full to brim no headspace.  

1 No. sample (as above) to be taken at any distinct change in Made Ground composition or visual or olfactory 
contamination.  

1 No. sample within natural stratum after proving for a minimum of 1m length.  

The Contractor must ensure that the samples collected are representative of the area or material being 
sampled and that the example is homogenized across the sample containers used as far as practicable. 

All containers must be cleaned of excess soil/water and ensure all lids have been securely fastened (as this 
helps to minimise transcription errors and potential cross-contamination issues)  

The Contractor must ensure that all containers must be labelled clearly with the appropriate sample reference 
and that to reduce potential cross contamination or loss of contaminants sampling equipment will be cleaned 
in between sampling.  

Contamination Samples must be stored out of direct sunlight in cool boxes or refrigerated unit until same day 
collection. Temperature must be regulated between 3 and 7°C for both on Site storage and transport to a 
UKAS/MCERTS accredited laboratory.  

Laboratory schedules will be sent to the AMAR Engineer for scheduling on receipt of the samples to the 
accredited laboratory. 

1.12.12. Sampling Method 

Samples are to be taken in accordance with BS 10175:2011.  

1.12.13. Headspace Testing 

To be undertaken in accordance with BS 10175:2011. 

1.13. Probing and Cone Penetration Testing 

1.13.1. Type(s) and Reporting of Dynamic Probing 

N/A. 

1.13.2. Capacity of and Equipment Requirements for Cone Penetration Testing 

N/A. 

1.13.3. Reporting of Cone Penetration Testing Parameters 

Cone Penetration Testing (CPT) is required for 6 No. locations, as specified in Schedule 2.  
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1.13.4. Seismic Cone Equipment Requirements 

N/A. 

1.13.5. Interpretation of Seismic Cone Tests 

N/A. 

1.13.6. Other Cone or Specialist Probes 

N/A. 

1.14. Geophysical Testing 

1.14.1. Geophysical Survey Objectives 

N/A. 

1.14.2. Requirements for Ground Specialist Geophysicist 

N/A. 

1.14.3. Trials of Geophysical Methods 

N/A. 

1.14.4. Types of Geophysics Required 

N/A. 

1.14.5. Information Provided 

N/A. 

1.14.6. Horizontal Data Density 

N/A. 

1.14.7. Level Datum 

N/A. 

1.14.8. Geophysical Survey Report 

N/A. 

1.15. In Situ Testing 

1.15.1. Tests in Accordance with British Standards 

Standard penetration testing (SPT’s) at 1.0m intervals within all exploratory holes within first 5 metres and 1.5 
metres thereafter to final depth (unless deemed ‘hard stratum’ by the Engineer) and shall be in accordance 
with Clauses 7.6.4 and 7.6.6. 

The borehole casing and water level shall be recorded with each SPT. SPTs shall be undertaken in 
accordance with EN ISO 22476-3:2005. 
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When an SPT is carried out, the Contractor shall record and include in their report the blow count for each 
75mm increment of penetration (or part-thereof). The seating drive shall be the initial 150mm of penetration or 
50 blows. Where the seating drive comprises 50 blows, the length of penetration shall be recorded and 
reported. The test drive shall comprise a further 100 blows. If within 100 blows, a penetration of 300mm is not 
achieved, the penetration ignoring the seating drive blows shall be recorded.  

Calibration certification for the energy ratio for the SPT hammer shall be provided. 

UT100 samples shall be taken in plastic tubes. The tubes should be waxed on the day of sampling and 
appropriately labelled. Blow counts shall be recorded for each UT100 sample taken. 

Hand vane shear tests shall be carried out by the Contractor in fine grained soils where possible/suitable and 
in accordance with BS EN ISO 22476-9:2014. 

1.15.2. Hand Penetrometer and Hand Vane for Shear Strength 

Hand shear vane testing within fine grained deposits encountered at 0.5m intervals or where practicable. An 
average of three readings shall be recorded where possible. 

1.15.3. Self-Boring Pressuremeter and High-Pressure Dilatometer Testing and Reporting 

N/A. 

1.15.4. Driven of Push-In Pressuremeter Testing and reporting Requirements 

N/A. 

1.15.5. Menard Pressuremeter Tests 

N/A. 

1.15.6. Soil Infiltration Tests 

N/A. 

1.15.7. Special In Situ Testing and Reporting Requirements 
Thermal conductivity/resistivity of the soil will be tested using a thermal needle probe (KD2 probe or similar 
device) at 6 No. locations as specified in Schedule 2. 

Exact testing depth and specification to be followed will be confirmed at a later date. 

1.15.8. Interface Probes 

N/A. 

1.15.9. Contamination Screening Tests 

N/A. 

1.15.10. Metal Detection 

N/A. 
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1.16. Instrumentation 

1.16.1. Protective Covers for Installations 

N/A. 

1.16.2. Protective Fencing 

N/A. 

1.16.3. Standpipe and Standpipe Piezometer Installation 

N/A. 

1.16.4. Other Piezometer Installation 

N/A. 

1.16.5. Development of Standpipes and Standpipe Piezometers 

N/A. 

1.16.6. Ground Gas Standpipes 

N/A. 

1.16.7. Inclinometer Installations 

N/A. 

1.16.8. Slip Indicators 

N/A. 

1.16.9. Extensometers and Settlement Gauges 

N/A. 

1.16.10. Settlement Monuments 

N/A. 

1.16.11. Removal of Installations 

N/A. 

1.16.12. Other Instrumentation 

N/A. 

1.17. Installation Monitoring and Sampling 

1.17.1. Groundwater Level Readings in Installations 

N/A. 
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1.17.2. Groundwater Sampling From Installations 
N/A. 

1.17.3. Purging/micro-purging 

N/A. 

1.17.4. Ground Gas Monitoring 

N/A. 

1.17.5. Sampling From Ground Gas Installations 

N/A. 

1.17.6. Other Monitoring 

N/A. 

1.17.7. Sampling and Testing of Surface Water Bodies 

N/A. 

1.18. Daily Records 
Daily exploratory hole records shall be submitted to the AMAR Engineer at the end of each shift. 

Daily reports are to be submitted to the Engineer within 48hours of completion of each shift. Information to be 
provided on each report shall include plant, labour and machinery, activities undertaken for that day, progress 
for that day, tests undertaken, and instrumentation installed. Driller’s logs for the completed holes are to be 
issued electronically within 48hours of completion of each exploratory hole. 

The depth at which any water is added, together with the volume added and the reason for its addition shall 
be recorded on the driller’s daily log. 

1.18.1. Information for Daily Records 

The Contactor is to submit a proforma or example record for approval by the AMAR Engineer. 

The Factual Report shall be in accordance with the requirements of BS EN ISO 22475-1:2006. 

1.18.2. Special In Situ Tests and Instrumentation Records 

N/A. 

1.19. Geotechnical Laboratory Testing 
The testing laboratory chosen shall be UKAS accredited. All testing shall be scheduled by the Engineer. 

The Contractor shall provide the following: 

 List of MCERTs accredited tests including rates. 

 List of UKAS accredited tests including rates. 

 Name of laboratory to be used. 
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Testing shall be carried out on the appropriate class of sample as defined in BS EN ISO 22475-1:2006 and 
BS EN1997-2:2007. 

1.19.1. Investigation Supervisor or Contractor to Schedule Testing 

The AMAR Engineer will schedule all laboratory testing. The Contractor will notify AMAR of any unsuitable 
samples within 48hours of receipt of the relevant testing schedule to enable replacement tests to be 
scheduled. 

The Contractor shall prepare blank testing schedules showing all samples taken, their depth, sample number 
and sample type, for the AMAR Engineer. Blank testing schedules for each exploratory hole will be presented 
within 48hours of completion. 

1.19.2. Tests Required 

Laboratory geotechnical tests are likely to include, but may not be necessarily limited to, the following: 

 Natural moisture content; 

 Atterberg Limits; 

 Particle size distribution (dry sieve); 

 Sedimentation; 

 BRE SD1 extended suite. 

 

1.19.3. Specification for Tests not covered by BS 1377 and Options under BS 1377 

N/A. 

1.19.4. UKAS Accreditation to be Adopted 

Geotechnical testing to be carried out by UKAS accredited laboratory. All testing must be UKAS accredited. 
Documentation must be supplied with the Tender. 

1.19.5. Rock Testing Requirements 

N/A. 

1.19.6. Chemical Testing for Aggressive Ground/Groundwater for Concrete 

Sulphate and pH testing to BRE Special Digest 1 (2005) will be undertaken on soil samples taken during the 
works. To be specified by the Engineer. 

1.19.7. Laboratory Testing On Site 

N/A. 

1.19.8. Special Laboratory Testing 

N/A. 



Smart Motorways Programme M1 J23a to 25 
Addendum to Specification Appendix 1/5 – Validation Ground Investigation 
Specification 
 

 

  

 

 Document Reference HA549342-AMAR-HGT-SWI-SP-CE-000005 I Rev P08 19 
 

1.20. Geoenvironmental Laboratory Testing 

1.20.1. Investigation Supervisor or Contractor to Schedule Testing 

The AMAR Engineer will schedule all laboratory testing. The Contractor will notify AMAR of any unsuitable 
samples within 2 working days of receipt of the relevant testing schedule to enable replacement tests to be 
scheduled. 

The Contractor shall prepare blank testing schedules showing all samples taken, their depth, sample number 
and sample type, for the AMAR Engineer. Blank testing schedules for each hole/pit will be presented within 2 
days of completion of the exploratory hole. 

1.20.2. Accreditation Required 

Environmental testing to be carried out by a laboratory possessing UKAS approval for all analytical methods 
specified in the Contract. Documentation must be supplied with the Tender. 

1.20.3. Chemical Testing for Contamination 

The expected contaminant tests are indicated (but not limited to) below: 

 USEPA 16 PAHs; 

 CLEA metals; 

 Speciated Chromium; 

 Free, Complex and Total Cyanide; 

 TPH CWG, with Chromatographs; 

 pH; 

 SVOCs/VOCs; 

 Suite of chemical testing for concrete classification (to BRE Special Digest 1, 2005, Box C10); 

 midi-s(As, Cd, Cr, Cu, Ni, Zn, Pb, Hg, Se, WSB, hex chromium, total cyanide, free cyanide, 

total sulphate, sulphide, total sulphur, pH, total PAH, phenols, thiocyanate); 

 Asbestos Screen; 

 WAC Single Stage 1:10 Leachate tests; and 

 WAC Stable Non-Reactive Hazardous Waste Landfill suite (BS EN 12457-2: As, Ba, Cd, Cr, 

Cu, Hg, Mo, Ni, Pb, Sb, Se, Zn, Cl, F, SO4, TDS, Phenol Index, DOC. Solid: TOC, pH, Acid 

Neutralisation Capacity)mg/kg and 10:1 mg/kg. 

1.20.4. Waste Characterisation 

N/A. 
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1.20.5. Waste Acceptance Criteria Testing 

N/A. 

1.20.6. Laboratory Testing 

N/A. 

1.21. Reporting 

1.21.1. Form of Exploratory Hole Logs 

Final exploratory hole logs shall be provided in PDF format and in The Association of Geotechnical Specialists 
(AGS) Revision 3 or 4 format for review and comment with each log showing the name of the Contract and the 
names of the Employer, Engineer and Principal Contractor. Upon approval of the exploratory hole logs the 
Contractor will receive an XML Toolkit File that they should use to prepare the final PDF indexed version of 
the logs in accordance with the Highways Agency Geotechnical Database Management System (HAGDMS) 
requirements. 

1.21.2. Information on Exploratory Hole Logs 

As specified. 

1.21.3. Variations to Final Digital Data Supply Requirements 

Digital  Data  shall  be  provided  for  checking  and  shall  be  error free; if errors are present the Contractor 
shall revise the data package so that it is free from errors. The Contractor shall ensure the format of the data 
complies with the requirements of the most recent revision of  The Association of Geotechnical Specialists 
(AGS) format.    

The Contractor shall submit the digital data for approval in draft format  along with the output from an AGS 
data checking software as proof that the data is error free and complies with all AGS rules. Until copies of the 
third party checking software output are received the AGS data submission will not be considered complete. 

1.21.4. Preliminary Digital Data 

Preliminary exploratory hole logs to be issued when completed for review by the Engineer. 

1.21.5. Type(s) of Report Required 

Factual Report. 

1.21.6. Electronic Report Requirements 

Digital data will be required in an agreed format, to include but not necessarily be limited to: 

 All exploratory hole logs, including in-situ testing, and all laboratory testing results to be presented 

in the latest version of AGS standard data files. 

 The complete Factual Report including all appendices and drawings as one complete PDF 

submission. 

1.21.7. Format and Contents of Desk Study Report 

N/A. 
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1.21.8. Contents of Ground Investigation Report 

The factual data shall meet the requirements of EN ISO 22475-1:2006. The Factual Report should contain as 
a minimum: 

 The brief agreed with the procurer for the work; 

 Presentation of all factual data; and 

 A summary of the ground and groundwater conditions. 

All exploratory holes shall be surveyed and related to Ordnance Datum and the Ordnance Survey National 
Grid. 

1.21.9. Contents of Geotechnical Design Report 

N/A. 

1.21.10. Times for Supply of Electronic Information 

Complete set of digital data to be supplied with draft and approved final copies of the report. 

1.21.11. Electronic Information Transmission Media 

DVD ROM. 

1.21.12. Report Approval 

One hard and one electronic copy of the draft Factual Report required for submission 4 weeks after the 
completion of the GI.AMAR Engineer comments on the draft Factual Report and associated digital data to be 
issued within 2 weeks from the receipt of the draft. One hard and one electronic copy of an approved final 
Factual Report to be submitted by the Contractor within a further 2weeks. 
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Schedule 2 – Schedule of Exploratory Hole 

The exact locations will be confirmed on Site. 

Exploratory Hole Reference Northbound/ Southbound Drilling Type 
Chainage 

(m) 
Scheduled maximum depth (m bgl) Cutting/ Embankment 

BH – G101 NB DS/RC 181930 16 At Grade 

TP - NW12 SB On-slip TP + Thermal Resistivity Probe 182290 TBC TBC 

TP - NW11 SB TP + Thermal Resistivity Probe 183274 TBC Embankment 

TP - NW1 SB TP + Thermal Resistivity Probe 183646 TBC Cutting 

CPT-01 SB CPT 183875 6 Cutting 

BH-R-FTPSB5_800y SB DS/RC 184672 10 Embankment 

BH – G112 SB DS/RC (slope climbing) 185180 33 Cutting 

BH – E1-A1.1 NB DS/RC (slope climbing) 185195 10 Cutting 

BH – E1-A1.2 NB DS/RC (slope climbing) 185305 12 Cutting 

SP-01 NB (M1 onslip west) DS/RC 186057 10 Embankment 

BH – G202A NB DS/RC 186240 19 Embankment 

BH – G202B SB DS/RC 186240 19 Embankment 

CPT-02-NB2_1m NB CPT 186340 5 Embankment 
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Exploratory Hole Reference Northbound/ Southbound Drilling Type 
Chainage 

(m) 
Scheduled maximum depth (m bgl) Cutting/ Embankment 

BH – G203 SB DS/RC 186400 30 At Grade 

BH – G204 NB DS/RC 186517 24 Embankment 

BH – G301A NB DS/RC 186847 18 At Grade 

BH – G301B SB DS/RC 186847 18 Embankment 

BH-FTP-NB2_1m_2 NB DS/RC 186950 10 Embankment 

BH – G302 SB DS/RC 187073 26 Embankment 

BH-FTP-NB2-800y NB DS/RC 187215 10 Embankment 

BH – G326 SB DS/RC 187300 22 Embankment 

BH-R-FTNB2_600y NB DS/RC 187368 11 Embankment 

CPT-03-NB2_400y NB CPT 187551 6 Embankment 

BH – G303 SB DS/RC 187608 25 Embankment 

BH – G304 NB DS/RC 187650 18 Embankment 

CPT-04-NB2_200y NB CPT 187767 6 Embankment 

BH – G305 SB DS/RC 187818 14 Embankment 

BH - R - FTPSB4_200y SB DS/RC 187923 13 Embankment 

BH-FTP-SB4-400y SB DS/RC 188116 10 Embankment 
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Exploratory Hole Reference Northbound/ Southbound Drilling Type 
Chainage 

(m) 
Scheduled maximum depth (m bgl) Cutting/ Embankment 

BH-FTP-SB4-600y SB DS/RC 188240 10 Embankment 

BH - R - FTPSB4_800y SB DS/RC 188395 15 Embankment 

BH – E3-B1.1 SB DS/RC 188425 14 Embankment 

BH – E3-B1.2 SB DS/RC 188525 11 Embankment 

BH – G307 NB DS/RC 188529 20 Embankment 

BH – G308 SB DS/RC 188760 31 Embankment 

BH – E3-A1 NB DS/RC 188865 11 Embankment 

BH – G309 SB DS/RC 188947 17 Embankment 

BH – G310 SB DS/RC 189160 11 Embankment 

BH-FTP-SB4_1m SB DS/RC 189299 8 Embankment 

BH – G311A NB DS/RC 189780 21 Embankment 

BH – G311B SB DS/RC 189780 21 Embankment 

TP - NW4 SB TP + Thermal Resistivity Probe 190120 TBC Embankment 

BH - R - NB4_1m NB DS/RC 190541 13 Embankment 

BH-G312 SB DS/RC 190605 21 Embankment 

CPT-06-SB3_600y SB CPT 190749 6 Embankment 
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Exploratory Hole Reference Northbound/ Southbound Drilling Type 
Chainage 

(m) 
Scheduled maximum depth (m bgl) Cutting/ Embankment 

BH – G313 NB DS/RC 190771 13 Embankment 

CPT-07-SB3_800y SB CPT 190932 6 Embankment 

BH – G314 NB DS/RC 191096 16 At Grade 

BH – G315 NB DS/RC 191296 30 Bund 

BH – G316 SB DS/RC 191430 16 Embankment 

TP - NW5 SB TP + Thermal Resistivity Probe 191642 TBC At Grade 

BH – G318 NB DS/RC 191801 18 Bund 

BH – G319 NB DS/RC 192101 30 Embankment 

BH-FTP-SB2_200y SB DS/RC 192176 10 Embankment 

BH – G320 SB DS/RC 192285 18 Embankment 

BH-FTP-SB2_400y SB DS/RC 192357 15 Embankment 

BH – G321 NB DS/RC 192476 20 Embankment 

SP-02 SB DS/RC 192502 13 Embankment 

BH-FTP-SB2_600y SB DS/RC 192564 10 Embankment 

BH - R - SB2_800y SB DS/RC 192731 13 Embankment 

SP-03 SB DS/RC 192790 10 Embankment 
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Exploratory Hole Reference Northbound/ Southbound Drilling Type 
Chainage 

(m) 
Scheduled maximum depth (m bgl) Cutting/ Embankment 

BH – G322 NB DS/RC 192906 20 At Grade 

TP - NW6 NB Off-slip TP + Thermal Resistivity Probe 193096 TBC TBC 

BH – G323 SB DS/RC 193300 11 At Grade 

BH – G324 NB DS/RC (slope climbing) 193331 12 Cutting 

BH - SB98 SB DS/RC 196220 12 Embankment 
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Schedule 3 – Engineer’s Offices, 
Equipment, Transport, Protective Clothing 
and Survey Equipment 

3.1 Accommodation 
Welfare facilities, contractors store and skip (or suitable alternative) required. 

3.2 Furnishings 
Not required. 

3.3 Services 
The Engineer shall have access to the welfare facilities provided by the Contractor for his staff. 

3.4 Equipment 
Not required. 

3.5 Transport 
Not required. 

3.6 Personal Protective Equipment for Investigation Supervisor 
Not required. 
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Schedules 4 – Specification Amendments 

None. 
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Schedules 5 – Specification Additions 

None. 
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ANNEX 1 – Bill of Quantities for Ground 
Investigation 

(To Follow) 
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Appendix A – Drawings 

Figure 1 – Exploratory Hole Location Plan 
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Appendix B – Services Location Plans 
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Contact name 
Amey Arup Joint Venture 
 
Amey 
International Design Hub 
5

th
 Floor 

The Colmore Building 
20 Colmore Circus 
Birmingham 
B4 6AT 
 

Email:   IDH.Reception@amey.co.uk 
Telephone:  0121 212 5000 
Fax:  0121 236 1160 
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THEIR CURRENT CONDITION.
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DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
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THEIR CURRENT CONDITION.
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DETAILS REFER TO SERIES 500
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5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION
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TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150mm FOR SLOPES

OF 1(V) :2(H) OR STEEPER, OR 300mm FOR

SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS.
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SPECIFICATION DRAWINGS.
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PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150mm FOR SLOPES
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7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS.

8. VERTICAL BENCHING NOT TO EXCEED 0.5 IN
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9. WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

10. FOR ELEVATION PLANS PLEASE REFER TO
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BUT NO THICKER THAN 150mm FOR SLOPES
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KEY: GENERAL

DESIGN

HIGHWAY EARTHWORKS GENERAL ARRANGEMENT DRAWINGS

CONDITION.

EMBANKMENT AND CUTTING SLOPES ARE STABLE IN THEIR CURRENT 

THE PROPOSED EARTHWORKS SOLUTIONS ASSUME THAT EXISTING 3.

(HA549342-AMR-HGT-SWI-DR-CE-001601).

TYPICAL RETAINING SOLUTIONS 

EARTHWORK SOLUTIONS (HA549342-AMAR-HGT-SWI-DR-CE-00601) AND 

THESE DRAWINGS MUST BE READ WITH REFERENCE TO TYPICAL 2.

OTHERWISE STATED.

ALL DIMENSIONS AND MEASUREMENTS IN METRES (m) UNLESS 1.

CONSTRUCTION.

UNDERTAKEN TO AID IN CONFIRMING DESIGN PRIOR TO 

JUST IN TIME VALIDATION GROUND INVESTIGATION WILL BE 7.

UNCERTAINTY DUE TO MISSING TOPOGRAPHICAL DATA.

MERGES AND DIVERGES HAVE BEEN DESIGNED WITH A DEGREE OF 6.

AVAILABLE 10m SECTIONS.

THE MAINLINE DESIGN HAS BEEN BASED ON CURRENTLY 5.

CHANGES BY OTHER DISCIPLINES.

THERE IS A RISK THAT STRUCTURES MAY MOVE DUE TO DESIGN 4.

DESIGN CHANGES. 

NEW TOPOGRAPHIC SURVEY BECOMING AVAILABLE MAY RESULT IN 3.

LIMITED CURRENTLY AVAILABLE TOPOGRAPHIC DATA. 

THE CURRENT STAGE OF EARTHWORKS DESIGN (DF5) IS BASED ON 2.

HA549342-AMAR-HGT-SWI-SP-CE-000002).

EARTHWORKS SCHEDULE (REF. DOCUMENT NO 

THESE DRAWINGS ARE TO BE READ IN CONJUNCTION WITH THE 1.

GABION WALLS
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LESS THAN 500mm CUT
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EXISTING OVERBRIDGE
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EXISTING ENTRY SLIP SIGNALS RETAINED
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EXISTING ADS REMOVED

EXISTING ADS RETAINED

PROPOSED MS4

EXISTING MESSAGE SIGN 2X12 REMOVED

EXISTING MS3 2X16 REMOVED

RELOCATED

EXISTING STRATEGIC MS3 3X18 RETAINED AND 

EXISTING STRATEGIC MS3 3X18 RETAINED IN SITU

EXISTING MESSAGE SIGN 2X12 RETAINED IN SITU

EXISTING MATRIX INDICATOR REMOVED

EXISTING MATRIX INDICATOR RETAINED IN SITU

PROPOSED ADVANCED MOTORWAY INDICATOR

EXISTING ADVANCED MOTORWAY INDICATOR RETAINED IN SITU

PROPOSED GANTRY

EXISTING GANTRY REMOVED

EXISTING GANTRY RETAINED IN SITU

RAIL FREIGHT TERMINAL WORKS

EXISTING ENVIRONMENTAL BARRIER
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Warning Hazards Applicable to set locations

DESIGN HAZARDS

Existing Retaining Wall16.

Adjacent Structure15.

Hard Ground at Shallow Depth 14.

Sand Trenches13.

Rock Fill12.

Culvert11.

present on site during works

Electricity Interface (EIs) points will be 

Risk of striking live existing and proposed 10.

live railway

Risk of working within close proximity of 9.

utilities crossing carriageway

Risk of overhead and underground 8.

locations

extents in Northbound verge and shown 

Redundant BT cable throughout scheme 7.

Risk of asbestos within structures6.

Risk of underground cable strikes5.

Risk of working at heights4.

Risk of working on slopes3.

plant around workforce

Risk of moving construction vehicles and 2.

traffic

Risk of working in close proximity to live 1.

CLARITY.

BOX ADDED TO INDICATE SOLUTION FOR 

WHERE HATCHING IS UNCLEAR DESCRIPTION3.
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Start Chainage End Chainage Topography

Geotechnical Solution

Benching Details

Base width (m) Batter Angle (º)

183080 183150 Embankment

Granular Wedge at Embankment Crest 1:2

4.0 26.6

183160 183400 Embankment

Full Height Embankment Widening 1:2

5.0 26.6

184750 184900 Embankment

 Full Height Widening 1:2

4.0 26.6

185860 185880 Embankment

Granular Wedge at Embankment Crest 1:2

2.0 26.6

186680 186760 Embankment

Full Height Embankment Widening 1:2

3.2 26.6

187180 187250 Embankment
Granular Wedge at Embankment Crest 1:2

5.0 26.6

187350 187380 Embankment

Granular Wedge at Embankment Crest 1:2

2.5 26.6

187550 187790 Embankment

Granular Wedge at Embankment Crest 1:2

4.5 45.0

187930 187940 Embankment
Granular Wedge at Embankment Crest 1:2

2.1 26.6

188180 188230 Embankment

Granular Wedge at Embankment Crest 1:2

5.0 26.6

188500 188500 Embankment

Granular Wedge at Embankment Crest 1:2

3.0 26.6

189780 189800 Embankment
Granular Wedge at Embankment Crest 1:2

4.2 22.0

190530 190560 Embankment

Granular Wedge at Embankment Crest 1:2

4.5 26.6

190740 190930 Embankment

Full Height Embankment Widening 1:2

8.2 26.6

191090 191190 Embankment

Full Height Embankment Widening 1:2

3.4 11.0*

191290 191310 Embankment

Full Height Embankment Widening 1:2

3.4 11.0*

192100 192110 Embankment

Full Height Embankment Widening 1:2

2.4 26.6

192130 192140 Embankment
Granular Wedge at Embankment Crest 1:2

3.5 45.0

192210 192400 Embankment

Granular Wedge at Embankment Crest 1:2

6.8 45.0

192470 192500 Embankment

Full Height Embankment Widening 1:2

4.9 26.6

Start Chainage End Chainage Topography

Geotechnical Solution

Benching Details

Base width (m) Batter Angle (º)

182940 183310 Embankment

Granular Wedge At Embankment Crest 1:2

7.3 27

183320 183430 Embankment

Full Height Embankment Widening 1:2

4.5
27

184630 184740 Embankment

Full Height Embankment Widening 1:2

2.0
27

185870 185900 Embankment

Granular Wedge At Embankment Crest 1:2

4.5 45

185900 186200 Embankment
Granular Wedge At Embankment Crest 1:2

4.5 45

186210 186400 Embankment

Full Height Embankment Widening 1:2

10.4
27

186800 186830 Embankment

Granular Wedge At Embankment Crest 1:2

9.0 45

186830 186860 Embankment

Full Height Embankment Widening 1:2

6.6 27

186860 186880 Embankment

Granular Wedge At Embankment Crest 1:2

9.0 45

186890 187080 Embankment

Full Height Embankment Widening 1:2

6.1 27

187120 187250 Embankment
Granular Wedge At Embankment Crest 1:2

6.5 27

187280 187320 Embankment

Full Height Embankment Widening 1:2

4.0
27

187350 187490 Embankment

Granular Wedge At Embankment Crest 1:2

6.5 27

187600 187620 Embankment

Full Height Embankment Widening 1:2

4.0 27

188230 188250 Embankment

Full Height Embankment Widening 1:2

6.2 45

188380 188400 Embankment

Granular Wedge At Embankment Crest 1:2

4.0 27

189560 189740 Embankment
Granular Wedge At Embankment Crest 1:2

4.5 45

189800 189930 Embankment

Granular Wedge At Embankment Crest 1:2

4.5 45

189960 190280 Embankment

Granular Wedge At Embankment Crest 1:2

3.5 27

190330 190370 Embankment

Granular Wedge At Embankment Crest 1:2

3.5 27

190400 190650 Embankment

Granular Wedge At Embankment Crest 1:2

3.9
27

190680 191040 Embankment

Granular Wedge At Embankment Crest 1:2

3.8 27

191420 191450 Embankment

Granular Wedge At Embankment Crest 1:2

3.0 27

192030 192080 Embankment

Granular Wedge At Embankment Crest 1:2

2.4 27

192560 192710 Embankment

Full Height Embankment Widening 1:2

5.0 27

* Note: This Batter Angle is shallow due to the existing profile of the slope.

Northbound Embankment Widening Benching Details

Southbound Embankment Widening Benching Details

NOTES

1. THIS DRAWING SHOULD BE READ IN

CONJUNCTION WITH THE SERIES 600

SPECIFICATION (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SP-CE-000002).

2. THE BASE BENCH WIDTH AND BATTER

ANGLES INDICATED IN THESE TABLES ARE

SHOWN AS VARIABLES IN THE STANDARD

DETAIL DRAWING (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-DR-CE-000601).
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

PLASTIC SHEET PILE LOCATION

GABION WALL

SECTION LINE

SETTING OUT POINT

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE CAP (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HIEGHT TOTAL SHEET PILE LENGTH

001 447024.19 325334.92 77.18 77.00 76.45 0.55 1.50

002 447025.7 325339.82 77.18 77.10 76.60 0.50 1.50

003 447027.21 325344.71 77.18 77.13 76.65 0.48 1.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

ELEVATION LEGEND

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

TOP OF CUTTING

TOE OF SHEET PILE

PLASTIC CAPPING BEAM

PLASTIC SHEET PILES

GABION WALL

GRANULAR FILL [REFER TO SERIES

600 SPECIFICATION]
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE
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CONCRETE

X
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Plan View

Scale 1:500 @ A3

ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

TOP OF CUTTING

TOE OF SHEET PILE

SHEET PILES

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE  (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

01 447376.58 326470.58 66.98 66.51 66.32 0.19 4.50 2.00

02 447378.95 326487.69 66.98 66.93 65.87 1.06 4.50 2.00

03 447379.13 326488.36 66.98 66.93 65.87 1.06 4.50 2.00

04 447381.73 326497.53 66.98 66.28 65.66 0.62 4.50 2.00

05 447381.92 326498.2 66.43 66.22 65.64 0.58 4.50 2.00

06 447385.31 326510.19 66.43 65.92 65.34 0.58 4.50 2.00

07 447385.51 326510.87 66.55 66.40 65.82 0.58 4.50 2.00

08 447389.71 326525.69 66.55 66.04 65.45 0.59 4.50 2.00

09 447389.9 326526.36 65.57 65.52 64.91 0.61 4.50 2.00

10 447390.99 326530.19 65.57 65.52 64.81 0.71 4.50 2.00

11 447389.38 326532.7 65.57 65.52 64.78 0.74 4.50 2.00

12 447390.83 326537.88 65.57 65.50 64.66 0.84 4.50 2.00

13 447391.06 326538.51 65.57 65.50 64.64 0.86 4.50 2.00

14 447394.1 326541.65 65.57 65.42 64.55 0.87 6.00 3.00

15 447398.14 326556.87 65.57 65.25 64.16 1.09 6.00 3.00

16 447398.32 326557.54 65.37 65.25 64.14 1.11 6.00 3.00

17 447401.5 326569.6 65.37 64.98 63.83 1.15 6.00 3.00

18 447401.67 326570.27 64.97 64.92 63.76 1.16 6.00 3.00

19 447404.85 326582.32 64.97 64.49 63.49 1.00 6.00 3.00

20 447405.03 326583 64.53 64.48 63.48 1.00 6.00 3.00

21 447407.4 326592.22 64.53 64.20 63.20 1.00 6.00 3.00

22 447407.57 326592.89 64.24 64.18 63.20 0.98 6.00 3.00

23 447409.95 326602.17 64.24 64.19 63.30 0.89 6.00 3.00

24 447410.1 326602.8 63.87 63.81 62.93 0.88 6.00 3.00

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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Plan View

Scale 1:500 @ A3

ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

TOP OF CUTTING

TOE OF SHEET PILE

SHEET PILES

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE CAP (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

25 447413
326617

63.90 63.50 62.50 1.00 6.00 3.00

26 447414 326617 63.50 63.40 62.50 0.90 6.00 3.00

27 447415 326624 63.50 63.00 62.30 0.70 6.00 3.00

28 447416 326625 63.00 63.00 62.30 0.70 6.00 3.00

29 447418 326634 63.00 62.80 62.00 0.80 6.00 3.00

30 447418 326634 62.90 62.80 62.00 0.80 6.00 3.00

31 447421 326647 62.90 62.50 61.70 0.80 6.00 3.00

32 447421 326647 62.50 62.50 61.70 0.80 6.00 3.00

33 447424 326659 62.50 62.20 61.30 0.90 6.00 3.00

34 447424 326660 62.20 62.20 61.30 0.90 6.00 3.00

35 447428 326675 62.20 61.80 60.90 0.90 6.00 3.00

36 447428 326675 62.90 61.80 60.90 0.90 6.00 3.00

37 447430 326685 62.90 61.50 60.70 0.80 6.00 3.00

38 447430 326686 61.60 61.60 60.60 1.00 6.00 3.00

39 447432 326694 61.60 61.20 60.30 0.90 6.00 3.00

40 447432 326696 61.20 61.20 60.20 1.00 6.00 3.00

41 447436 326714 61.20 60.80 59.75 1.05 6.00 3.00

42 447436 326714 60.80 60.80 59.75 1.05 6.00 3.00

43 447434 326732 60.80 60.40 59.20 1.20 6.00 3.00

44 447440 326733 60.60 60.40 59.20 1.20 6.00 3.00

45 447440 326742 60.60 60.50 58.90 1.60 6.00 3.00

46 447443 326757 60.60 59.90 58.40 1.50 6.00 3.00

47 447443 326758 59.90 59.90 58.30 1.60 6.00 3.00

48 447446 326770 59.90 59.70 58.00 1.70 6.00 3.00

49 447446 326771 59.60 59.70 58.00 1.70 6.00 3.00

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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Plan View

Scale 1:500 @ A3

ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

TOP OF CUTTING

TOE OF SHEET PILE

SHEET PILES

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE  (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

52 447449.84 326790.48 59.60 58.70 57.40 1.30 6.00 3.00

53 447450.05 326791.12 58.90 58.60 57.30 1.30 6.00 3.00

54 447453.34 326800.09 58.90 58.00 57.10 0.90 6.00 3.00

55 447453.43 326800.79 58.30 58.00 57.00 1.00 6.00 3.00

56 447455.22 326810.13 58.30 57.70 56.80 0.90 6.00 3.00

57 447455.37 326810.84 57.70 57.60 56.80 0.80 6.00 3.00

58 447457.05 326820.19 57.70 57.40 56.50 0.90 6.00 3.00

59 447457.21 326820.89 57.50 57.40 56.50 0.90 4.50 2.00

60 447458.41 326827.36 57.50 57.00 56.30 0.70 4.50 2.00

61 447458.55 326828.02 57.00 57.00 56.20 0.80 4.50 2.00

62 447460.3 326837.4 57.00 56.60 55.90 0.70 4.50 2.00

63 447460.38 326838.12 56.70 56.60 55.90 0.70 4.50 2.00

64 447461.25 326841.66 56.70 56.40 55.80 0.60 4.50 2.00

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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FENCE

A

C

65.40

64.38

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

KING SHEET PILE WALL - FOR

DETAILS REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

B

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFICATION

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE

BOUNDARY

FENCE

A
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58.61

KING SHEET PILE WALL - FOR

DETAILS REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE
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DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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SECTION A-A

CH.184150

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

SHEET PILE

SETTING OUT POINT

X

SECTION B-B

CH. 184360

Scale 1:100 @ A3
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Scale 1:500 @ A3

ELEVATION

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING TOP OF PILE CAP (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) TOTAL RETAINED HIEGHT TOTAL SHEET PILE LENGTH

01 447517.39 327531.01 36.86 36.81 36.10 0.71 7.00

02 447515.86 327545.69 37.16 37.11 35.92 1.19 7.00

03 447515.79 327546.33 37.37 37.09 35.90 1.19 7.00

04 447515.09 327552.82 37.37 37.31 35.82 1.49 7.00

05 447515.03 327553.47 37.55 37.32 35.79 1.53 7.00

06 447513.27 327578.01 37.55 37.33 35.48 1.85 7.00

07 447513.2 327578.66 37.39 37.32 35.44 1.88 7.00

08 447511.96 327600.79 37.39 37.17 35.21 1.96 7.00

09 447511.9 327601.44 37.52 37.19 35.21 1.98 7.00

010 447511.38 327612.18 37.52 37.35 35.09 2.26 8.00

011 447511.31 327612.77 37.39 37.34 35.08 2.26 8.00

012 447510.57 327630.16 37.39 37.12 34.90 2.22 8.00

013 447510.5 327630.75 37.16 37.10 34.90 2.20 8.00

014 447510.21 327640.37 37.16 36.84 34.81 2.03 8.00

015 447510.15 327640.96 36.89 36.84 34.81 2.03 8.00

NOT REQUIRED IN THIS LOCATION

ALLEVIATION PURPOSES WAS 

EXCAVATION FOR FLOOD PLAIN 
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ELEVATION

Scale 1:500 @ A3

SHEET PILE SETTING OUT POINTS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

08 447509.95 327648.62 36.84 36.62 34.72

09 447509.95 327649.32 36.60 36.55 34.67

10 447509.81 327655.9 36.60 36.39 34.61

11 447509.84 327656.6 36.50 36.45 34.67

12 447509.62 327669.05 36.50 36.11 34.58

13 447509.6 327669.76 36.11 36.05 34.57

14 447509.44 327682.23 36.11 36.06 34.94

15 447509.45 327682.91 35.81 35.60 34.49

16 447509.27 327692.43 35.81 35.33 34.43

17 447509.32 327693.14 35.49 35.29 34.42

18 447509.76 327700.09 35.49 34.97 34.39

RET. WALL DETAILS

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH TOTAL INTERMEDIATE PILE LENGTH

1.90

10.00 3.50

1.88

8.00 3.00

1.78

8.00 3.00

1.78

8.00 3.00

1.53

8.00 3.00

1.48

8.00 3.00

1.12

8.00 3.00

1.11

8.00 3.00

0.90

8.00 3.00

0.87

8.00 3.00

0.58

8.00 3.00

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

TOP OF CUTTING

TOE OF SHEET PILE

SHEET PILES

A

A

X

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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SECTION A-A

CH. 185230

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

SHEET PILE

SETTING OUT POINT

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

SECTION A-A

BOUNDARY

FENCE

CUT SLOPE

12163.18

VERGE

4498.74

ERA

4600

LANE 1

3650

LANE 2

3500

KING SHEET PILE WALL - FOR

DETAILS REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

A

C

37.52

35.10

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

B

DRAINAGE - FOR DETAILS REFER TO SERIES

500 SPECIFICATION AND SCHEDULE
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ELEVATION

Scale 1:500 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

01 447419.46 328260.73 33.41 33.20 32.57 32.42 0.78 6.50 3.00

02 447417.16 328269.65 33.41 33.20 32.31 32.04 1.16 6.50 3.00

03 447414.91 328279.4 33.41 33.21 32.26 31.96 1.25 6.50 3.00

04 447412.63 328289.14 33.41 33.21 32.22 32.12 1.09 6.50 3.00

05 447410.33 328298.86 33.41 33.22 32.14 32.04 1.18 6.50 3.00

06 447407.99 328308.6 33.41 33.23 32.04 31.94 1.29 6.50 3.00

07 447405.63 328318.32 33.41 33.23 32.06 31.96 1.27 6.50 3.00

08 447403.24 328328.04 33.41 33.24 31.98 31.78 1.46 6.50 3.50

09 447400.82 328337.74 33.41 33.52 31.98 31.88 1.64 6.50 3.50

10 447398.37 328347.44 33.41 33.25 31.92 31.72 1.53 6.50 3.50

11 447395.88 328357.13 33.41 33.25 32.29 31.99 1.26 6.50 3.50

12 447393.37 328366.83 33.41 33.25 32.28 31.98 1.27 6.50 3.00

13 447390.83 328376.5 33.41 33.25 32.19 31.89 1.36 6.50 3.00

14 447388.26 328386.17 33.41 33.25 32.22 32.02 1.23 6.50 3.00
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINTS

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

EXCAVATED MATERIAL (FOR FLOOD

PLAIN ALLEVIATION PURPOSES)

A

A

X
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINTS

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

EXCAVATED MATERIAL (FOR FLOOD

PLAIN ALLEVIATION PURPOSES)

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

15 447384.48 328400.04 33.41 33.26 31.86 31.66 1.60 6.50 3.00

16 447384.28 328400.71 33.41 33.26 31.83 31.63 1.63 7.50 3.50

17 447380.27 328415.1 33.41 33.26 31.54 31.34 1.92 7.50 3.50

18 447377.54 328424.73 33.41 33.26 31.45 31.15 2.11 7.50 3.50

19 447374.79 328434.35 33.41 33.26 31.63 31.23 2.03 7.50 3.50

20 447370.34 328449.46 33.41 33.27 31.94 31.54 1.73 7.50 3.50

21 447370.14 328450.13 33.41 33.27 31.93 31.73 1.54 6.50 3.50

22 447366.35 328463.17 33.41 33.28 31.88 31.48 1.80 6.50 3.50

23 447363.48 328472.75 33.41 33.28 31.99 31.69 1.59 6.50 3.50

24 447360.59 328482.32 33.41 33.28 32.16 31.76 1.52 6.50 3.50

25 447357.66 328491.91 33.41 33.29 32.25 31.95 1.34 6.50 3.50

26 447354.71 328501.45 33.41 33.29 32.12 31.82 1.47 6.50 3.50

27 447351.73 328511.02 33.41 33.30 32.18 31.88 1.42 6.50 3.50

28 447348.76 328520.56 33.41 33.30 32.23 31.83 1.47 6.50 3.50

29 447345.78 328530.13 33.41 33.30 32.32 31.92 1.38 6.50 3.50

30 447342.79 328539.68 33.41 33.31 32.23 31.83 1.48 6.50 3.50

31 447339.79 328549.22 33.41 33.31 32.32 31.72 1.59 6.50 3.50
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINTS

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

EXCAVATED MATERIAL (FOR FLOOD

PLAIN ALLEVIATION PURPOSES)

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE CAP (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

32 447336.61 328558.69 33.41 33.31 32.38 31.78 1.53 6.50 3.00

33 447333.38 328568.17 33.41 33.32 32.23 31.93 1.39 6.50 3.00

34 447330.43 328577.73 33.41 33.33 31.93 31.43 1.90 6.50 3.00

35 447328.87 328582.81 33.41 33.33 31.84 31.84 1.49 6.50 3.00

36 447328.62 328583.59 33.31 33.33 31.78 31.28 2.05 7.50 3.50

37 447324.98 328589.29 33.41 33.33 31.37 31.17 2.16 7.50 3.50

38 447320.85 328602.67 33.41 33.34 31.30 30.80 2.54 7.50 3.50

39 447321.39 328607.02 33.41 33.34 31.80 31.40 1.94 7.50 3.50

40 447316.71 328622.18 33.41 33.34 32.36 31.76 1.58 7.50 3.50

41 447316.53 328622.75 33.41 33.35 32.41 31.81 1.54 6.50 3.00

42 447312.54 328635.69 33.41 33.35 32.50 31.70 1.65 6.50 3.00

43 447309.59 328645.25 33.41 33.35 32.73 31.43 1.92 6.50 3.00

44 447300.83 328674.41 33.41 33.28 32.83 32.63 0.65 6.50 3.00

45 447294.38 328685.87 33.41 33.27 32.22 32.02 1.25 6.50 3.00

46 447290.3 328698.21 33.41 33.27 32.20 32.20 1.07 6.50 3.00

47 447289.69 328708.33 33.41 33.32 33.00 32.30 1.02 6.50 3.00
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SECTION A-A

CH. 186240

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

SHEET PILE

SETTING OUT POINT

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

Level Datum =30.000

BOUNDARY

FENCE

KING SHEET PILE WALL - FOR

DETAILS REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

EXCAVATE AND REPLACE

WITH GRANULAR FILL IN

ACCORDANCE WITH

SERIES 600 SPECIFICATION

TYPICAL BENCHING DETAILS

MAX.

0.500

6.267 VERGE WIDTH 0.500

HARDSTRIP

2.221 3.650 LANE 1

FLOODPLAIN LEVEL

                    32.30

33.33

31.27

33.45

B

C

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

DRAINAGE - FOR

DETAILS REFER TO

SERIES 500

SPECIFICATION AND

SCHEDULE

A
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINTS

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

EXCAVATED MATERIAL (FOR FLOOD

PLAIN ALLEVIATION PURPOSES)

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE CAP (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BOTTOM OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

01 447282.18 328735.62 33.36 33.31 33.15 31.84 1.47 6.50 2.50

02 447274.28 328759.78 33.36 33.31 33.31 31.95 1.36 6.50 2.50

03 447266.2 328784.45 33.36 33.31 33.31 32.05 1.26 6.50 2.50

A

A

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS
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SECTION A-A

CH. 186430

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

EXCAVATED MATERIAL (FOR FLOOD

PLAIN ELLEVIATION PURPOSES)

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

BOUNDARY

FENCE

B

C

A
33.36

FLOODPLAIN LEVEL

32.300

32.00

EXCAVATE MATERIAL FOR

FLOOD ALLEVIATION

KING SHEET PILE WALL - FOR

DETAILS REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

EDGE PROTECTION (POST AND RAIL)

TO BE PROVIDED AS PER SPECIFICATION

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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ELEVATION

Scale 1:1300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

PLASTIC SHEET PILE LOCATION

GABION WALL

SECTION LINE

SETTING OUT POINT

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE CAP (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BOTTOM OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

01 447251.02 328830.69 33.37 33.32 33.31 32.00 1.32 6.00 3.00

02 447245.08 328848.78 33.37 33.32 33.32 32.10 1.22 6.00 3.00

03 447240 328851.15 33.37 33.26 32.45 31.91 0.81 6.00 3.00

04 447232.76 328873.20 33.37 33.22 31.82 31.22 2.00 6.00 3.00

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

A

A

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

EXCAVATED MATERIAL (FOR FLOOD

PLAIN ALLEVIATION PURPOSES)

EXCAVATED MATERIAL (FOR 

WALKWAY PURPOSES)

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS



A1 A B C D E F G H I J K L M N

1

2

3

4

5

6

7

8

9

10

11

Do not scale

Job No

Role

Name

Rev

Project Title

Client

Rev Date By Chkd Appd

Key Plan

Scale at A1

Suitability

Drawing Title

-

p
w

:
\
\
M

C
C

N
T

S
I
0
4
.
g
l
o
b
a
l
.
a
r
u
p
.
c
o
m

:
P

W
_
A

R
U

P
_
U

K
\
D

o
c
u
m

e
n
t
s
\
S

M
P

 
M

1
 
J
2
3
a
 
-
 
J
2
5
\
0
1
 
A

m
e
y
 
A

r
u
p
 
J
V

\
C

E
 
-
 
C

i
v
i
l
 
-
 
E

a
r
t
h
w

o
r
k
s
 
a
n
d
 
G

e
o
t
e
c
h
n
i
c
s
\
D

R
 
-
 
D

r
a
w

i
n
g
\
H

A
5
4
9
3
4
2
-
A

M
A

R
-
H

G
T

-
S

W
I
-
D

R
-
C

E
-
0
0
1
6
2
3

HA549342-AMAR-HGT-SWI-DR-CE-001623

P06244508-00

1:50

KING SHEET PILE SOLUTION

CROSS SECTION

CH.186489 TO CH.186535 (NB)

SHEET 02 OF 02

SMP M1 J23a - J25

Colmore Plaza

20 Colmore Circus  Queensway

Birmingham  B4 6AT

Tel 0121 214 2000

Civil - Earthworks and Geotech

P06 02/06/17 LP --- AB

Issued for Client Sharing

Fit for construction approvalS4

Junction 25

Junction 24a

Junction 24

Junction 23a

N

c

   Crown copyright and database right to 2015 Ordnance Survey 100030649

2016. You are not permitted to copy, sub-license, distribute or sell any of this

data to third parties in any form.

SECTION A-A

CH.188529

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

Level Datum =30.000

7.992 VERGE WIDTH 0.800 3.650 LANE 1

EXCAVATE AND REPLACE WITH

GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION

TYPICAL BENCHING DETAILS

MAX.

SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

A

B

C

FLOODPLAIN LEVEL

31.84

38.70

36.24

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFICATION

WALKWAY

38.83

0.500

HARDSTRIP

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

DRAINAGE - FOR DETAILS REFER TO SERIES

500 SPECIFICATION AND SCHEDULE
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

01 446616.62 330761.63 38.69 38.63 38.42 37.82 0.81 11.00 4.00

02 446611.36 330763.93 38.69 38.55 37.15 36.55 2.00 11.00 4.00

03 446606.39 330779.25 38.69 38.49 36.26 35.66 2.83 11.00 4.00

04 446609.76 330785.04 38.69 38.54 38.18 37.58 0.96 11.00 4.00

05 446608.98 330787.66 38.69 38.59 38.19 37.59 1.00 11.00 4.00

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

PILES IN ELEVATION

A

A

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

EXCAVATED MATERIAL (FOR 

WALKWAY PURPOSES)

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS
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SECTION A-A

CH. 188529

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

Level Datum =30.000

7.992 VERGE WIDTH 0.800 3.650 LANE 1

EXCAVATE AND REPLACE WITH

GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION

TYPICAL BENCHING DETAILS

MAX.

SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

A

B

C

FLOODPLAIN LEVEL

31.84

38.70

36.24

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFICATION

WALKWAY

38.83

0.500

HARDSTRIP

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

DRAINAGE - FOR DETAILS REFER TO SERIES

500 SPECIFICATION AND SCHEDULE
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446554.53 330951.71 37.13 37.06 36.66 36.06 1.00 8.00 3.00

02 446546.2 330968.47 37.13 36.79 35.34 34.74 2.05 8.00 3.00

03 446545.93 330969.13 37.13 36.78 35.29 34.69 2.09 9.00 4.50

04 446543.62 330973.7 37.13 36.70 35.00 34.40 2.30 9.00 4.50

05 446543.36 330974.36 36.74 36.68 34.97 34.37 2.31 9.00 4.50

06 446528.33 331019.71 36.74 36.14 34.11 33.51 2.63 9.00 4.50

07 446528.14 331020.38 36.18 36.13 34.09 33.49 2.64 9.00 4.50

08 446520.12 331049.4 36.18 35.86 33.52 32.92 2.94 9.00 4.50

09 446519.93 331050.07 35.91 35.86 33.54 32.94 2.92 9.00 4.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

10 446515.23 331074.88 35.91 35.71 34.16 33.56 2.15 9.00 3.00

11 446512.26 331091.45 35.62 35.62 34.47 33.87 1.75 9.00 3.00

12 446512.14 331092.2 35.61 35.61 34.48 33.88 1.73 8.00 3.00

13 446507.93 331117.69 35.67 35.52 35.18 34.58 0.94 8.00 3.00

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

PLAN VIEW

Scale 1:500 @ A3
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SECTION A-A

CH. 188820

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X
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SHEET PILE WALL - FOR DETAILS
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SPECIFICATION AND SCHEDULE

A
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32.30

35.95

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFICATION

WALKWAY

MAX.

0.500

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 447262.39 333608.53 34.04 33.54 33.07 0.47 5.00 2.00

02 447261.76 333612.35 34.04 33.97 33.10 0.87 5.00 2.00

03 447261.71 333613 34.25 34.00 33.10 0.90 5.00 2.00

04 447263.04 333633.04 34.25 33.32 33.06 0.26 5.00 2.00

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

A

A
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PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS
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SECTION A-A

CH. 191570

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

BOUNDARY

FENCE

34.16

33.10

A

B

C

SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

GABION WALL

SECTION LINE

SETTING OUT POINT

A

A

X

PLAN VIEW

Scale 1:300 @ A3

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

TOP OF CUTTING

TOE OF SHEET PILE

SHEET PILES

GABION WALL

GRANULAR FILL [SERIES 600 

SPECIFICATION]

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE  (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

001 447170.37 335354.89 47.96 47.43 46.99 0.44 10.00 3.50

002 447170.37 335356.29 47.96 47.70 46.99 0.71 10.00 3.50

003 447169.73 335357.07 47.96 47.86 47.01 0.85 10.00 3.50

004 447169.33 335357.62 48.49 47.95 47.00 0.95 10.00 3.50

005 447168 335359.28 48.49 48.35 47.02 1.33 10.00 3.50

006 447167.59 335359.83 49.20 48.53 47.03 1.50 10.00 3.50

007 447166.26 335361.49 49.20 49.11 47.05 2.06 10.00 3.50

008 447166.07 335362.12 49.44 49.17 47.04 2.13 10.00 3.50

009 447166.61 335375.96 49.44 49.21 47.06 2.15 10.00 3.50

0010 447167.04 335376.55 49.20 49.09 47.12 1.97 10.00 3.50

0011 447168.59 335377.98 49.20 48.64 47.13 1.51 10.00 3.50

0012 447169.12 335378.46 48.49 48.34 46.99 1.35 10.00 3.50

0013 447170.65 335379.87 48.49 47.90 47.00 0.90 10.00 3.50

0014 447170.9 335380.45 47.96 47.81 47.07 0.74 10.00 3.50

0015 447171.06 335384.45 47.96 47.63 47.12 0.51 10.00 3.50

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

PILES IN ELEVATION

A
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PENDING RESOLUTION

 OF ON-SITE SURVEY
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SECTION A-A

CH. 193330

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

SHEET PILE

SETTING OUT POINT

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

A

C

B
49.62

SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

47.08

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

A

A

X

PLAN VIEW

Scale 1:500 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HIEGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

01 447340.28 326197.53 72.80 72.70 71.80 0.90 5.50 2.50

02 447354.02 326242.02 72.80 72.50 71.10 1.40 5.50 2.50

03 447354.23 326242.68 72.40 72.20 71.10 1.10 5.50 2.50

04 447361.48 326266.16 72.40 71.80 70.62 1.18 5.50 2.50

05 447361.76 326266.38 72.15 71.80 70.60 1.20 5.50 2.50

06 447363.65 326267.93 72.15 71.80 70.60 1.20 5.50 2.50

07 447365.32 326273.41 72.15 71.90 70.50 1.40 5.50 2.50

08 447364.55 326276.09 72.15 72.00 70.51 1.49 5.50 2.50

09 447365.72 326279.89 72.15 71.65 70.40 1.25 5.50 2.50

010 447365.93 326280.56 71.60 71.52 70.35 1.17 5.50 2.50

011 447373.95 326306.52 71.60 71.00 69.85 1.15 5.50 2.50

012 447374.16 326307.19 71.15 71.00 69.80 1.20 5.50 2.50

013 447377.83 326319.1 71.15 70.30 69.40 0.90 5.50 2.50

014 447378.03 326319.77 70.50 70.24 69.10 1.14 5.50 2.50

015 447385.25 326343.1 70.50 69.90 69.30 0.60 5.50 2.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION
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 INVESTIGATIONS



A

B

C

71.26

70.05

KING SHEET PILE WALL - FOR

DETAILS REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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SECTION A-A

CH. 183900

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

SHEET PILE

SETTING OUT POINT

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

A

A

X

PLAN VIEW

Scale 1:300 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446881.94 330088.9 33.97 33.66 33.33 32.73 0.93 6.50 3.50

02 446884.23 330092.6 33.97 33.63 32.61 32.01 1.62 6.50 3.50

03 446878.3 330110.65 33.97 33.70 31.85 31.25 2.45 6.50 3.50

04 446868.31 330121.77 33.97 33.91 33.60 33.00 0.91 6.50 3.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

PILES IN ELEVATION

A
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CH. 187818

Scale 1:100 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

34.05

33.93

32.01

FLOODPLAIN LEVEL

30.95

SHEET PILE WALL - FOR DETAILS REFER TO SERIES

1600 SPECIFICATION AND SCHEDULE

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

EXCAVATE AND REPLACE WITH

GRANULAR FILL IN ACCORDANCE

WITH SERIES 600 SPECIFICATION

TYPICAL BENCHING DETAILS

0.500

MAX.

7.840 VERGE WIDTH1.1003.650 LANE 1

A

B

C

WALKWAY

DRAINAGE - FOR DETAILS REFER TO SERIES 500

SPECIFICATION AND SCHEDULE

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFICATION
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

A

A

XPLAN VIEW

Scale 1:300 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446847.85 330192.53 34.97 34.64 34.06 33.46 1.18 7.50 2.50

02 446847.36 330196.79 34.97 34.67 33.86 33.26 1.41 7.50 2.50

03 446843.25 330209.33 34.97 34.85 34.12 33.52 1.33 7.50 2.50

04 446841.07 330212.87 34.97 34.92 34.46 33.86 1.06 7.50 2.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

A

A

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

EXCAVATED MATERIAL (FOR 

WALKWAY PURPOSES)

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

SECTION A-A

CH. 187920

Scale 1:100 @ A3
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MAX.

A

C
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SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

TYPICAL BENCHING DETAILS

0.500

WALKWAY

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFICATION

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

EXCAVATE AND REPLACE WITH

GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION

B

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

A

A

X

PLAN VIEW

Scale 1:300 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446788.05 330374.23 37.33 36.99 36.45 35.85 1.14 7.00 2.50

02 446787.25 330380.2 37.33 37.02 36.13 35.53 1.49 7.00 2.50

03 446783.18 330392.57 37.33 37.14 36.29 35.69 1.45 7.00 2.50

04 446778.29 330401.54 37.33 37.27 36.86 36.26 1.01 7.00 2.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE
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VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

SECTION A-A

CH. 188110

Scale 1:100 @ A3
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A

FLOODPLAIN LEVEL
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36.06
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SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

TYPICAL BENCHING DETAILS

WALKWAY

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFCATION

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

C

EXCAVATE AND REPLACE WITH

1A1 GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION
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B

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN VIEW

Scale 1:500 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446694.28 330667.8 38.27 38.22 36.64 36.04 2.18 11.00 4.00

02 446690.66 330679.2 38.27 38.20 36.87 36.27 1.93 11.00 4.00

03 446687.65 330688.74 38.27 38.17 36.89 36.29 1.88 11.00 4.00

04 446684.65 330698.28 38.27 38.15 36.49 35.89 2.26 11.00 4.00

05 446681.64 330707.82 38.27 38.13 36.24 35.64 2.49 11.00 4.00

06 446678.52 330717.32 38.27 38.10 35.78 35.18 2.92 11.00 4.00

07 446675.37 330726.81 38.27 38.05 35.80 35.20 2.85 11.00 4.00

08 446672.33 330735.97 38.27 38.03 35.88 35.28 2.75 11.00 4.00

09 446672.07 330736.62 38.27 38.02 35.89 35.29 2.73 11.00 4.00

10 446668.78 330745.69 38.27 37.99 36.30 35.70 2.29 11.00 4.00

11 446665.81 330753.87 38.27 37.96 36.66 36.06 1.90 11.00 4.00

12 446665.56 330754.53 38.01 37.96 36.66 36.06 1.90 8.00 3.00

13 446661.66 330765.08 38.01 37.91 36.75 36.15 1.76 8.00 3.00

14 446658.24 330774.47 38.01 37.87 36.77 36.17 1.70 8.00 3.00

15 446654.78 330783.85 38.01 37.82 36.68 36.08 1.74 8.00 3.00

16 446653.35 330788.4 38.01 37.80 36.75 36.15 1.65 8.00 3.00

17 446653.08 330789.06 38.01 37.79 36.76 36.16 1.63 8.00 3.00

18 446649.34 330798.21 38.01 37.76 37.27 36.67 1.09 8.00 3.00
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.
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KING SHEET PILE LOCATION
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Scale 1:300 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446585.39 330987.23 35.94 35.89 35.29 34.69 1.20 7.50 5.00

02 446588.35 330992.14 35.94 35.83 34.23 33.63 2.20 7.50 5.00

03 446584.06 331005.9 35.94 35.62 33.95 33.35 2.27 7.50 5.00

04 446577.68 331009.39 35.94 35.63 35.46 34.86 0.77 7.50 5.00
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SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.
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TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446541.19 331167.17 34.56 34.50 34.03 33.43 1.07 8.00 3.50

02 446542.98 331169.32 34.56 34.57 33.70 33.10 1.47 8.00 3.50

03 446540.2 331183.62 34.56 34.39 32.74 32.14 2.25 8.00 3.50
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.
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TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446509.79 331383.25 33.97 33.88 32.61 32.01 1.87 8.00 3.50

02 446511.04 331384.31 33.97 33.88 33.63 33.03 0.85 8.00 3.50

03 446516.47 331384.69 33.97 33.87 32.23 31.63 2.24 8.00 3.50

04 446515.97 331394.91 33.97 33.88 32.47 31.87 2.01 8.00 3.50

05 446513.37 331398.38 33.97 33.92 33.46 32.86 1.06 8.00 3.50
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.
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TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446511.65 331506.94 33.70 33.65 33.37 32.77 0.88 6.50 2.50

02 446513.71 331515.37 33.70 33.60 32.56 31.96 1.64 6.50 2.50

03 446514.2 331528.52 33.70 33.56 32.43 31.83 1.73 6.50 2.50

04 446511.52 331531.91 33.70 33.60 33.30 32.70 0.90 6.50 2.50
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

SECTION A-A

CH. 189290

Scale 1:100 @ A3

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

TYPICAL BENCHING DETAILS

MAX.

BOUNDARY

FENCE

A

C

FLOODPLAIN LEVEL

32.200

34.38

32.20

0.500

SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

EXCAVATE AND REPLACE WITH

1A1 GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

B

WALKWAY

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFCATION

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

A

A

X

PLAN VIEW

Scale 1:300 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 446587.17 331963.59 35.18 34.95 34.11 33.51 1.44 9.00 4.00

02 446590.33 331974.4 35.18 35.11 34.34 33.74 1.37 9.00 4.00

03 446590.51 331974.97 35.50 35.12 34.35 33.75 1.37 9.00 4.00

04 446597.69 331979.34 35.50 35.10 33.48 32.88 2.22 9.00 4.00

05 446602.55 331994.6 35.50 35.30 32.97 32.37 2.93 9.00 4.00

06 446599.23 332002.44 35.50 35.44 33.82 33.22 2.22 9.00 4.00

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

 PILES IN ELEVATION

ANGLED WALL GIVING

APPEARANCE OF NARROWER

PILES IN ELEVATION

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

SECTION A-A

CH. 189780

Scale 1:100 @ A3

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

35.48

35.62

32.96

Level Datum =30.000

BOUNDARY

FENCE

SHEET PILE WALL - FOR DETAILS REFER TO SERIES

1600 SPECIFICATION AND SCHEDULE

EXCAVATE AND REPLACE WITH

GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION

TYPICAL BENCHING DETAILS

MAX.

0.500

ACOUSTIC

BARRIER

9.459 VERGE WIDTH0.5003.650 LANE 1

HARDSTRIP

A

B

C

FLOODPLAIN LEVEL

EDGE PROTECTOR (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFICATION

WALKWAY

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

32.20

DRAINAGE - FOR DETAILS REFER TO SERIES 500

SPECIFICATION AND SCHEDULE
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

A

A

X

PLAN VIEW

Scale 1:500 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

01 447264.88 334137.22 39.47 38.50 37.30 36.70 1.80 8.00 3.00

02 447251.61 334190.09 39.47 39.41 38.28 37.68 1.73 8.00 3.00

03 447251.48 334190.72 40.27 39.43 38.29 37.69 1.74 13.00

-

04 447249.81 334213.97 40.27 39.93 37.04 36.44 3.49 13.00

-

05 447246.42 334226.33 40.27 40.17 36.83 36.23 3.94 13.00

-

06 447246.12 334226.98 40.77 40.18 36.86 36.26 3.92 13.00

-

07 447239.2 334240.67 40.77 40.39 38.46 37.86 2.53 13.00

-

08 447239.01 334241.36 41.58 40.40 38.49 37.89 2.51 11.00 4.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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192300-192360 - CONTINUOUS SHEET PILE WALL

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE
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EXCAVATED MATERIAL (FOR 

WALKWAY PURPOSES)
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 OF ON-SITE SURVEY
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

A

A

X

PLAN VIEW

Scale 1:500 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

9 447224.37 334295.6 41.58 41.52 39.80 39.20 2.32 11.00 4.50

10 447224.19 334296.28 42.02 41.52 39.85 39.25 2.27 8.00 3.00

11 448701.77 334403.58 42.02 41.70 40.22 39.62 2.08 8.00 3.00

12 448702.47 334403.58 42.02 41.71 40.23 39.63 2.08 11.00 4.50

13 447220.48 334310 42.02 41.78 40.35 39.75 2.03 11.00 4.50

14 447222.45 334316.64 42.02 41.96 40.44 39.84 2.12 11.00 4.50

15 447222.47 334317.32 42.57 41.98 40.34 39.74 2.24 11.00 4.50

16 447216.31 334343.77 42.57 42.51 40.91 40.31 2.20 11.00 4.50

17 447216.14 334344.45 43.62 42.50 40.67 40.07 2.43 13.00

-

18 447202.67 334402.4 43.62 43.56 40.71 40.11 3.45 13.00

-

19 447202.43 334403.06 44.15 43.57 40.73 40.13 3.44 13.00

-

20 447201.89 334404.31 44.15 43.59 40.74 40.14 3.45 11.00 4.50

21 447196.77 334416.24 44.15 43.73 41.44 40.84 2.89 11.00 4.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

A

A

X

PLAN VIEW

Scale 1:500 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

22 447192.45 334440.2 44.15 44.10 42.69 42.09 2.01 11.00 4.50

23 447192.32 334440.88 44.75 44.10 42.70 42.10 2.00 12.00 3.50

24 447189.02 334459.28 44.75 44.36 43.27 42.67 1.69 12.00 3.50

25 447188.89 334466.56 44.75 44.45 43.27 42.67 1.78 12.00 3.50

26 447187.48 334475.12 44.75 44.66 43.74 43.14 1.52 12.00 3.50

27 447184.78 334486.04 44.75 44.70 43.27 42.67 2.03 12.00 3.50

28 447184.66 334486.68 45.48 44.71 43.25 42.65 2.06 12.00 3.50

29 447174.74 334563.59 45.48 45.43 43.61 43.01 2.42 12.00 3.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

SECTION A-A

CH.192330

Scale 1:100 @ A3

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

MAX.

A
43.24

39.67

0.500

EXCAVATE AND REPLACE WITH

1A1 GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION

TYPICAL BENCHING DETAILS

EDGE PROTECTION (POST AND RAIL)

TO BE PROVIDED AS PER SPECIFICATION

WALKWAY

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

B

C

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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ELEVATION

Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C) BASE OF EXCAVATION (D)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 447169.05 334743.96 50.58 50.53 48.43 47.83 2.70 12.50 4.50

02 447170.07 334765.91 50.58 50.45 47.50 46.90 3.55 12.50 4.50

03 447168.49 334790.78 50.58 50.21 48.31 47.71 2.50 12.50 4.50

04 447169.46 334806.51 50.58 50.23 48.55 47.95 2.28 12.50 4.50

05 447169.48 334806.86 50.58 50.23 48.54 47.94 2.29 8.50 3.50

06 447173.2 334866.94 50.58 50.03 49.53 48.93 1.10 8.50 3.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

PLAN VIEW

Scale 1:500 @ A3

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

EXCAVATED MATERIAL (FOR 

WALKWAY PURPOSES)

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

SECTION A-A

CH. 192740

Scale 1:100 @ A3

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

MAX.

A
45.44

42.50

0.500

EXCAVATE AND REPLACE WITH

1A1 GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION

TYPICAL BENCHING DETAILS

EDGE PROTECTION (POST AND RAIL)

TO BE PROVIDED AS PER SPECIFICATION

WALKWAY

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

B

C

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE
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THEIR CURRENT CONDITION.
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ASSUME THAT EXISTING EMBANKMENT
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REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

TOP OF CUTTING

TOE OF SHEET PILE

SHEET PILES

A

A

X

PLAN VIEW

Scale 1:300 @ A3

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HEIGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE SHEET PILE

LENGTH

01 447214.26 335714.38 52.73 52.50 51.00 1.50 7.00 2.50

02 447214.11 335718.42 52.73 52.50 51.00 1.50 7.00 2.50

03 447214.02 335719.01 52.50 52.40 50.90 1.50 7.00 2.50

04 447211.43 335725.88 52.50 51.75 51.00 0.75 7.00 2.50

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS



A1 A B C D E F G H I J K L M N

1

2

3

4

5

6

7

8

9

10

11

Do not scale

Job No

Role

Name

Rev

Project Title

Client

Rev Date By Chkd Appd

Key Plan

Scale at A1

Suitability

Drawing Title

-

p
w

:
\
\
M

C
C

N
T

S
I
0
4
.
g
l
o
b
a
l
.
a
r
u
p
.
c
o
m

:
P

W
_
A

R
U

P
_
U

K
\
D

o
c
u
m

e
n
t
s
\
S

M
P

 
M

1
 
J
2
3
a
 
-
 
J
2
5
\
0
1
 
A

m
e
y
 
A

r
u
p
 
J
V

\
C

E
 
-
 
C

i
v
i
l
 
-
 
E

a
r
t
h
w

o
r
k
s
 
a
n
d
 
G

e
o
t
e
c
h
n
i
c
s
\
D

R
 
-
 
D

r
a
w

i
n
g
\
H

A
5
4
9
3
4
2
-
A

M
A

R
-
H

G
T

-
S

W
I
-
D

R
-
C

E
-
0
0
1
6
7
1

HA549342-AMAR-HGT-SWI-DR-CE-001671

P05244508-00

1:50

KING SHEET PILE SOLUTION

CROSS SECTION

CH. 193680 TO CH. 193691 (SB)

SHET 02 OF 02

SMP M1 J23a - J25

Colmore Plaza

20 Colmore Circus  Queensway

Birmingham  B4 6AT

Tel 0121 214 2000

Civil - Earthworks and Geotech

P05 02/06/17 LP --- AB

Issued for Client Sharing

Fit for construction approvalS4

Junction 25

Junction 24a

Junction 24

Junction 23a

N

c

   Crown copyright and database right to 2015 Ordnance Survey 100030649

2016. You are not permitted to copy, sub-license, distribute or sell any of this

data to third parties in any form.

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

SECTION A-A

CH. 193680

Scale 1:100 @ A3

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS

52.63

50.94

BOUNDARY

FENCE

A

B

C

SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

DRAINAGE - FOR DETAILS REFER

TO SERIES 500 SPECIFICATION

AND SCHEDULE



COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS

COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS COMMS

COMMS

COMMS

COMMS COMMS COMMS COMMS COMMS

COMMS COMMS COMMS COMMS COMMS

9.450

A CHAMBER

TYPICALLY EAV'S ARE FED BY

A DEDICATED SPUR FROM THE

ADJACENT GANTRY

OUTSTATION

MAIN COMMS DUCT

2.000

2
.
0
0
0

STEEL CAPPING BEAM

KEE KLAMP (OR SIMILAR APPROVED)

PEDESTRIAN RAIL (WHERE REQUIRED)

FOR DETAILS REFER TO SERIES 400

SPECIFICATION AND SCHEDULE

BORED PILE

TYPICAL EA/RADAR MAST

MINIMUM 1.000

FOR VERGE DETAILS AND DIMENSIONS REFER TO SPECIFICATION

EDGE OF

CARRIAGE WAY

N2/W2 SAFETY BARRIER

INDICATIVE LONGITUDINAL

COMMUNICATION DUCTS

BURIED

SURFACES TO

RECEIVE

BITUMINOUS

WATERPROOFING

STEEL CAPPING BEAM

BORED PILE

MINIMUM 1.000

FOR VERGE DETAILS AND DIMENSIONS REFER TO SPECIFICATION

N2/W2 SAFETY BARRIER

INDICATIVE LONGITUDINAL

COMMUNICATION DUCTS

BURIED

SURFACES TO

RECEIVE

BITUMINOUS

WATERPROOFING

TYPICAL EA/RADAR MAST

EDGE OF

CARRIAGE WAY

KEE KLAMP (OR SIMILAR APPROVED)

PEDESTRIAN RAIL (WHERE REQUIRED)

FOR DETAILS REFER TO SERIES 400

SPECIFICATION AND SCHEDULE

A1

1

2

3

4

5

6

7

8

9

10

11

A B C D E F G H I J K L M N

Do not scale

Job No

Role

Name

Rev

Project Title

Client

Rev Date By Chkd Appd

Scale at A1

Suitability

Drawing Title

-

p
w

:
\
\
M

C
C

N
T

S
I
0
4
.
g
l
o
b
a
l
.
a
r
u
p
.
c
o
m

:
P

W
_
A

R
U

P
_
U

K
\
D

o
c
u
m

e
n
t
s
\
S

M
P

 
M

1
 
J
2
3
a
 
-
 
J
2
5
\
0
1
 
A

m
e
y
 
A

r
u
p
 
J
V

\
C

E
 
-
 
C

i
v
i
l
 
-
 
E

a
r
t
h
w

o
r
k
s
 
a
n
d
 
G

e
o
t
e
c
h
n
i
c
s
\
D

R
 
-
 
D

r
a
w

i
n
g
\
H

A
5
4
9
3
4
2
-
A

M
A

R
-
H

G
T

-
S

W
I
-
D

R
-
C

E
-
0
0
1
6
7
2

HA549342-AMAR-HGT-SWI-DR-CE-001672

P02244508-00

1:25

Sheet Pile Detail For Radar Mast

SMP M1 J23a - J25

Colmore Plaza

20 Colmore Circus  Queensway

Birmingham  B4 6AT

Tel 0121 214 2000

Civil - Earthworks and Geotech

P02 17/04/17 LP --- LP

Issued for Client Sharing

Fit for construction approvalS4

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002).
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DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.
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ELEVATION

Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS

ASSUME THAT EXISTING EMBANKMENT

AND CUTTING SLOPES ARE STABLE IN

THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,

WORST CASE SCENARIOS INDICATED IN

SECTION A-A.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

KING SHEET PILE LOCATION

SETTING OUT POINT

SECTION LINE

ELEVATION LEGEND

TOP OF RETAINED HEIGHT (BACK 

OF WALL GROUND LEVEL)

BASE OF RETAINED HEIGHT (FRONT

OF WALL GROUND LEVEL)

BASE OF EMBANKMENT

TOE OF SHEET PILE

SHEET PILES

A

A

X

SHEET PILE SETTING OUT POINTS RET. WALL DETAILS

REFERENCE EASTING NORTHING

TOP OF PILE CAP (A) TOP OF RETAINED HEIGHT (B) BOTTOM OF RETAINED HEIGHT (C)

TOTAL RETAINED HIEGHT TOTAL KING SHEET PILE LENGTH

TOTAL INTERMEDIATE PILE

LENGTH

001 447573.24 327291.83 43.30 42.90 42.30 0.60 4.00 2.00

002 447573.41 327293.83 43.30 42.90 42.30 0.60 4.00 2.00

003 447575.24 327295.56 43.30 42.90 41.80 1.10 4.00 2.00

004 447576.91 327305.42 43.30 42.80 41.50 1.30 4.00 2.00

005 447575.71 327307.64 43.30 42.80 42.00 0.80 4.00 2.00

006 447581.33 327341.63 43.30 42.70 42.20 0.50 4.00 2.00

007 447581.62 327345.13 43.30 42.80 42.30 0.50 4.00 2.00

008 447588.26 327383.55 43.30 43.20 42.90 0.30 4.00 2.00

EXCAVATION FOR FLOOD PLAIN

ALLEVIATION PURPOSES WAS

NOT REQUIRED IN THIS LOCATION

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS



A

C

MAX.

SHEET PILE WALL - FOR DETAILS

REFER TO SERIES 1600

SPECIFICATION AND SCHEDULE

EXCAVATE AND REPLACE WITH

GRANULAR FILL IN

ACCORDANCE WITH SERIES 600

SPECIFICATION

TYPICAL BENCHING DETAILS

0.500

WALKWAY

EDGE PROTECTION (POST AND RAIL FENCE)

TO BE PROVIDED AS PER SPECIFICATION

KEE KLAMP (OR SIMILAR APPROVED) PEDESTRIAN

RAIL (WHERE REQUIRED) FOR DETAILS REFER TO

SERIES 400 SPECIFICATION AND SCHEDULE

B

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS
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NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS

SCHEDULE (REF. DOCUMENT NO.

HA549342-AMAR-HGT-SWI-SH-CE-000001)

AND SERIES 1600 SCHEDULE (REF.

DOCUMENT

NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS

SOLUTIONS ASSUME THAT EXISTING

EMBANKMENT AND CUTTING SLOPES ARE

STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT

DETAILS REFER TO SERIES 500

SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY

CONSTRUCTION, WIDENING & TIE-IN,

REFER TO SERIES 700 SPECIFICATION

DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE

TOPSOILED IN ACCORDANCE WITH THE

PROJECT LANDSCAPING SPECIFICATION,

BUT NO THICKER THAN 150MM FOR

SLOPES OF 1(V) :2(H) OR STEEPER, OR

300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE

WITH PROJECT VERGE DETAILS. REFER

TO SERIES 200.

8. VERTICAL BENCHING NOT TO EXCEED 0.5

IN HEIGHT.

9. ALL SECTIONS SHALL BE AZ SECTIONS.

REFER TO SERIES 1600 FOR FURTHER

DETAILS.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE

REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

VERGE SURFACE

CLASS 6N FILL

SHEET PILE

SETTING OUT POINT

X

SECTION A-A

CH. 187920

Scale 1:100 @ A3

LEVELS TO BE CONFIRMED

PENDING RESOLUTION

 OF ON-SITE SURVEY

 INVESTIGATIONS
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Document History

P01 OY NM GS/SG TB 01.07.16

P02 OY NM GS/SG TB 01.07.16

P03 OY SA AB TB 15.07.16

P04 OY SA AB TB 09.09.16

P05 OY SA AB TB 18.11.16

P06 OY SA AB TB 18.11.16

P07 RM AB GS TB 16.12.2016

P08 SB AB GS TB 22.12.2016

P09 RM AB GS TB 07.02.2017

P10 RM AB GS TB Not issued

P11 RM AB GS TB 07/06/2017

Revision Originated Checked Reviewed Authorised Date

DF5 Issue

Internal - not issued

M1 Junction 23a to 25
Smart Motorways Programme
ALR Works

Volume 2 Works Information

Specification Schedules Series 600 :
EARTHWORKS

JOB NUMBER: 244508/COCDFL1SMP01 REFERENCE: HA549342-AMAR-HGT-SWI-SP-CE-000002
For Target Cost (internal - not
issued)

Internal - not issued

For Target Cost (previously
issued as P01)
Addition of minor structures
(previously issued as P02 for
TQ003)
Internal - not issued

DF5 Further Design Refinemen

DF5 Further Design Refinemen

Construction issue, internal
only

Construction issue

Purpose Description
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Major Structures - Geotechnical Schedule

SMIS Structure
Name Asset SMP

Reference Chainage Carriageway Marker Post New/
Remaining Asset Type Longitudinal Length

(m)
Proposed Verge

Widening (m)
Earthwork

Retaining Solution

Max Proposed
Retained

Earthwork
Height (m)

Comments

Gantry 101 181930 NB 181/9A+30 NEW MS4 Cantilever N/A N/A LOCAL REGRADE N/A

Vma Gantry No. 51
(M1/23a/1/S) Gantry 112 185180 SB 185/1B+80 NEW Super Cantilever 65.0 6.7 1:3 Full Height

Regrade N/A

Gantry 202 186240 NB 186/2A+40 NEW Superspan Portal 90.0 5.9 SHEET PILE 2.6 Sheet Pile is required to prevent buildout into the flood
plain.

Gantry 202 186240 SB 186/2B+40 NEW Superspan Portal 90.0 12.0
Full Height

Embankment
Widening 1:2

2.9 Assumes land purchase;

Sign Gantry Number
16 Gantry 203 186400 SB 186/4B+00 NEW ADS Cantilever 55.0 5.3

Full Height
Embankment
Widening 1:2

1.6

Gantry 204 186517 NB 186/5A+17 NEW Super Cantilever 70.0 5.2 SHEET PILE 1.4 Sheet Pile is required to prevent buildout into the flood
plain.

Gantry 301 186847 NB 186/8b+47 NEW Superspan Portal 35.0 N/A LOCAL REGRADE N/A

Gantry 301 186847 SB 186/8B+47 NEW Superspan Portal 70.0 7.4
Full Height

Embankment
Widening 1:2

N/A

Gantry 302 187073 SB 187/0B+73 NEW ADS Cantilever 65.0 7.9 Regrade Full
Height 1:2 N/A

Gantry 326 187300 SB 187/3B+00 NEW MS4 Cantilever 30.0 5.6
Full Height

Embankment
Widening 1:2

N/A Gantry base can be moved in allowing for a 1:2
regrade

Gantry 303 187608 SB 187/6B+03 NEW ADS Cantilever 50.0 6.4
Full Height

Embankment
Widening 1:2

N/A

Gantry 304 187650 NB 187/6A+50 NEW Super Cantilever 70.0 3.8
Granular Wedge at

Embankment
Crest 1:2

N/A

Gantry 305 187818 SB 187/8B+18 NEW MS4 Cantilever 30.0 3.4 SHEET PILE 2.1 Sheet Pile is required to prevent buildout into the flood
plain.

Gantry 307 188529 NB 188/5A+29 NEW MS4 Cantilever 25.0 5.4 SHEET PILE 1.3 Due to Veg.

Gantry 308 188760 SB 188/7B+60 NEW ADS Cantilever 30.0 3.3 SHEET PILE 1.8 Sheet Pile is required to prevent buildout into the flood
plain.

Gantry 309 188947 SB 188/9B+47 NEW MS3 Cantilever 40.0 3.1 SHEET PILE 1.7 Sheet Pile is required to maintain existing vegetation.

Cantilever VMS
188.0 South Gantry 310 189160 SB 189/1B+60 NEW MS4 Cantilever 30.0 5.7 SHEET PILE 2.3 Sheet Pile is required to prevent buildout into the flood

plain.

Gantry 311 189780 NB 189/7AB+80 NEW Superspan Portal 30.5 6.5
Granular Wedge at

Embankment
Crest 1:2

N/A

Gantry 311 189780 SB 189/7AB+80 NEW Superspan Portal 80.0 8.1 SHEET PILE 2.4 Sheet Pile is required to prevent buildout into the flood
plain.

Gantry 313 190771 NB 190/7A+71 NEW MS3 Cantilever 30.0 4.9
Granular Wedge at

Embankment
Crest 1:2

N/A

Gantry 314 191096 NB 191/0A+96 NEW MS4 Cantilever 30.0 6.7
Granular Wedge at

Embankment
Crest 1:2

N/A

Gantry 315 191296 NB 191/2A+96 NEW ADS Cantilever 28.0 8.6
Full Height

Embankment
Widening 1:2

N/A Amended from local regrade following increase in
buildout 13/10/2016

Gantry 316 191430 SB 191/4B+30 NEW MS4 Cantilever 50.0 7.3
Granular Wedge
At Embankment

Crest 1:2
N/A

Gantry 318 191801 NB 191/8A+01 NEW MS4 Cantilever 40.0 6.0 Regrade Full
Height 1:3 N/A

Gantry 319 192101 NB 192/1A+01 NEW ADS Cantilever 40.0 7.2
Full Height

Embankment
Widening 1:2

N/A

Gantry 320 192285 SB 192/2B+90 NEW Super Cantilever 60.0 3.5 SHEET PILE 2.1 Sheet Pile is required to maintain existing vegetation.

Gantry 321 192476 NB 192/4A+76 NEW MS4 Cantilever 50.0 4.1
Full Height

Embankment
Widening 1:2

N/A

Gantry 322 192906 NB 192/9A+06 NEW ADS Cantilever 40.0 10.0 LOCAL REGRADE N/A

Gantry 323 193300 SB 193/3B+00 NEW MS4 Cantilever 45.0 4.0 NO SOLUTION
REQUIRED* 1.1 *Gantry base to be used as retaining structure.

Cantilever VMS
191.5 North Gantry 324 193331 NB 193/3A+31 NEW MS4 Cantilever 30.0 4.9 SHEET PILE 2.1 Sheet Pile is required to prevent buildout into the flood

plain.

ERA E1-A1 185195-
185305 NB 185/2A+50 NEW ERA 100.0 5.8 SHEET PILE 2.6 Sheet Pile is required to maintain existing vegetation.

ERA E2-A1 186645-
186755 NB 186/7A+00 NEW ERA 100.0 5.7

Full Height
Embankment
Widening 1:2

N/A

ERA E3-B1 188425-
188525 SB 188/5B+50 NEW ERA 100.0 4.5 SHEET PILE 2.3

ERA E3-A1 188765-
188865 NB 188/8A+10 NEW ERA 100.0 6.0 SHEET PILE 2.4 Sheet Pile is required to maintain existing vegetation.

ERA E3-B2 190465-
190565 SB 190/3B+00 NEW ERA 100.0 5.0

Granular Wedge
At Embankment

Crest 1:2
N/A

ERA E3-A2 190800-
190900 NB 190/8A+60 NEW ERA 100.0 2.5

Granular Wedge at
Embankment

Crest 1:2
N/A

ERA E3-B3 191845-
191955 SB 191/9B+00 NEW ERA 100.0 N/A SHEET PILE 1 ERA Width may be reduced - TO'R to confirm

1) Information provided within this schedule has been provided to the nearest 10m. Exact lengths of retaining
structures are provided within the 1600 series schedule and drawings.

N.B.

Proposed SolutionWidening Extents (Approx.)

4) 0.5m has been added to Max. retained Height for Ret. Wall (Sheet Pile) in embankment.
3) Minor and major structures have been included in the mainline widening.
2) All 10m gaps between solutions are areas of transition.



N.B.

Chainage
Start

Chainage
End Length (m) Earthwork

Type

Worst Case
Existing

Vegetation
(RAG)

Max. Flood
Risk (mAOD) Earthworks Widening solution Max. Retained

Height (m) Max Buildout Width (m)* Max Cut / Fill Height (m) Comments

182000 182050 50 Embankment G None No Solution Used -- N/A N/A --
182060 182160 100 At Grade G None <500mm Cut -- N/A N/A --
182170 182220 50 At Grade G None <500mm Cut -- 2.3 0.68 --
182230 182450 220 Cutting G None <500mm Cut -- N/A N/A --
182460 182470 10 Cutting G None <500mm Cut -- 0.2 5.6 --
182480 182640 160 Cutting G None <500mm Cut 0.3 1
182650 182710 60 Cutting G None <500mm Cut -- 0.2 3.5 --
182720 182740 20 Cutting G None No Solution Used N/A N/A
182750 182790 40 - - - Overbridge -- N/A N/A --
182800 182880 80 Cutting G None Gabion Wall 1 N/A N/A --
182880 182890 10 Cutting G None Ret. Wall (Plastic Sheet Pile) 0.4 N/A N/A --
182890 182910 20 Cutting G None <500mm Cut -- N/A N/A --
182910 183000 90 Cutting G None <500mm Fill -- N/A N/A --
183000 183070 70 At Grade G None <500mm Cut -- N/A N/A --
183080 183150 70 Embankment G None Granular Wedge at Embankment Crest 1:2 -- 2.4 5 --
183160 183400 240 Embankment G None Full Height Embankment Widening 1:2 -- 4.1 6.5
183410 183430 20 At Grade G None <500mm Fill -- N/A N/A --
183440 183570 130 Cutting G None <500mm Fill -- N/A N/A --
183580 183610 30 Cutting G None <500mm Cut -- 2.5 1.9 --
183620 183700 80 Cutting G None Regrade Full Height 1:3 -- 2 7.6 --
183710 183780 70 Cutting G None Gabion Wall 0.9 N/A N/A --
183790 183990 200 Cutting G None <500mm Cut -- N/A N/A --
184000 184020 20 Cutting G None Gabion Wall 0.9 N/A N/A --
184030 184070 40 - - - Overbridge -- N/A N/A --
184080 184140 60 Cutting G None Ret. Wall (Sheet Pile) 1.0 N/A N/A --
184140 184430 290 Cutting G None Ret. Wall (Sheet Pile) 1.8 N/A N/A --
184430 184450 20 Cutting G None Ret. Wall (Sheet Pile) 1.0 N/A N/A --
184460 184480 20 At Grade G None No Solution Used -- N/A N/A --
184490 184550 60 At Grade G None <500mm Cut -- N/A N/A --
184560 184700 140 At Grade G None Regrade Full Height 1:2.5 -- 2 0.7 --
184710 184740 30 Embankment G None <500mm Fill -- N/A N/A --
184750 184900 150 Embankment G None Full Height Embankment Widening 1:2 -- 3.1 3.5 --
184910 185100 190 At Grade G None <500mm Fill -- N/A N/A --
184910 185010 100 At Grade G None <500mm Cut --
185020 185020 0 Cutting <500mm Cut --
185030 185060 30 Cutting <500mm Cut --
185070 185100 10 Cutting G None <500mm Cut --
185110 185120 10 - - - Overbridge -- N/A N/A --
185130 185140 10 Cutting G None <500mm Cut -- N/A N/A --
185150 185220 70 Cutting G None Ret. Wall (Sheet Pile) 2.0 N/A N/A --
185220 185270 50 Cutting G None Ret. Wall (Sheet Pile) 2.3 N/A N/A --
185270 185320 50 Cutting G None Ret. Wall (Sheet Pile) 2.0 N/A N/A --
185330 185340 10 Cutting G None No Solution Used -- N/A N/A --
185350 185360 10 - - - Overbridge -- N/A N/A --
185370 185640 270 Cutting A None <500mm Cut -- N/A N/A --
185640 185820 180 At Grade A None <500mm cut -- N/A N/A --
185830 185850 20 At Grade A None No Solution Used -- N/A N/A --
185860 185880 20 Embankment A 32.30 Granular Wedge at Embankment Crest 1:2 -- 1.2 1.6 --
185890 185950 60 Embankment A 32.30 Ret. Wall (Sheet Pile) 2.0 N/A N/A --
185950 185990 40 Embankment A 32.30 Ret. Wall (Sheet Pile) 2.1 N/A N/A --
185990 186040 50 Embankment A 32.30 Ret. Wall (Sheet Pile) 2.0 N/A N/A --
186040 186090 50 Embankment A 32.30 Ret. Wall (Sheet Pile) 2.3 N/A N/A --
186090 186230 140 Embankment A 32.30 Ret. Wall (Sheet Pile) 2.0 N/A N/A --
186230 186270 40 Embankment A 32.30 Ret. Wall (Sheet Pile) 2.5 N/A N/A
186270 186360 90 Embankment A 32.30 Ret. Wall (Sheet Pile) 2.0 N/A N/A
186370 186390 20 Embankment A 32.30 <500mm Cut -- N/A N/A --
186390 186440 50 Embankment A 32.30 <500mm Fill 1.4 N/A N/A
186440 186450 10 Embankment A 32.30 <500mm Fill -- N/A N/A --
186460 186500 40 Embankment A 32.30 No Solution Used -- N/A N/A --
186500 186530 30 Embankment 32.30 Ret. Wall (Sheet Pile) 1.9 N/A N/A --
186540 186580 40 - - - Overbridge -- N/A N/A --
186590 186670 80 Embankment R None No Solution Used / <500mm Cut -- N/A N/A --
186680 186760 80 Embankment A None Full Height Embankment Widening 1:2 -- 6.7 3 --
186770 186840 70 Embankment A None No Solution Used -- N/A N/A --
186850 186900 50 Embankment A None No Solution Used -- N/A N/A --
186900 186960 60 Embankment A None No Solution Used 1.3 6.4
186970 187070 100 Embankment A None No Solution Used -- 1 6.5 --
187080 187090 10 - - - Overbridge -- N/A N/A --
187100 187180 80 Embankment A 30.90 <500mm Fill -- N/A N/A --
187180 187250 70 Embankment A 30.90 Granular Wedge at Embankment Crest 1:2 -- 4 5.9 --
187260 187270 10 - - - Underbridge -- N/A N/A --
187280 187320 40 Embankment A 30.90 <500mm Fill -- N/A N/A --
187330 187340 10 - - - Culvert -- N/A N/A --
187350 187380 30 Embankment A 30.90 Granular Wedge at Embankment Crest 1:2 -- 4.6 2.6 --
187390 187540 150 Embankment A 30.90 No Solution Used / <500mm Fill -- N/A N/A --
187550 187790 240 Embankment A 31.30 Granular Wedge at Embankment Crest 1:2 -- 4.3 2.6 --
187790 187860 70 Embankment A 31.3 <500mm Fill --
187870 187880 10 - - - Culvert -- N/A N/A --
187890 187920 30 Embankment A 31.40 <500mm Fill -- N/A N/A --
187930 187940 10 Embankment A 32.40 Granular Wedge at Embankment Crest 1:2 -- 2 1.3 --
187950 188000 50 - - - River Trent Bridge -- N/A N/A --
188010 188120 110 Embankment R 31.70 <500mm Fill -- N/A N/A --
188130 188190 60 Embankment R 31.70 Granular Wedge at Embankment Crest 1:2 3.9 5.2
188190 188230 40 Embankment R 31.70 <500mm fill / No Solution N/A N/A
188240 188290 50 - - - Culvert -- N/A N/A --
188290 188490 200 Embankment R 31.90 No Solution Used -- N/A N/A --
188500 188500 0 Embankment R 31.90 Granular Wedge at Embankment Crest 1:2 -- 1.9 2.6 --
188510 188520 10 Embankment R 31.90 No Solution -- N/A N/A --
188520 188550 30 Embankment R 31.90 Ret. Wall (Sheet Pile) 2.7 N/A N/A --
188550 188560 10 Embankment R 31.90 No Solution Used -- N/A N/A
188570 188710 140 - - . River Trent Bridge -- N/A N/A --
188720 188740 20 Embankment R 32.20 Ret. Wall (Sheet Pile) 2.0 N/A N/A --
188740 188850 110 Embankment R 32.20 Ret. Wall (Sheet Pile) 2.8 N/A N/A --
188850 188890 40 Embankment R 32.20 Ret. Wall (Sheet Pile) 2.0 N/A N/A --
188900 188980 80 Embankment R 32.20 No Solution Used -- N/A N/A --
188990 189160 170 - - - River Trent Bridge -- N/A N/A --
189170 189310 140 Embankment A 32.20 No Solution Used / <500mm Fill -- N/A N/A --
189310 189480 170 - - - River Trent Bridge -- N/A N/A --
189490 189510 20 Cutting A 32.20 <500mm Cut / <500mm Fill -- N/A N/A --
189520 189530 10 - - - Overbridge -- N/A N/A --
189540 189630 90 Embankment A 32.20 <500mm Fill -- N/A N/A --
189640 189660 20 Embankment G 32.20 <500mm Cut -- N/A N/A --
189670 189770 100 Embankment G 32.20 <500mm Fill -- N/A N/A --
189780 189800 20 Embankment G 32.20 Granular Wedge at Embankment Crest 1:2 -- 6.3 3.28 --
189810 189930 120 Embankment G 32.20 <500mm Fill -- N/A N/A --
189940 189950 10 - - - Culvert -- N/A N/A --
189960 190150 190 Embankment G None <500mm Fill -- N/A N/A --
190160 190360 200 Embankment G None No Solution Used -- N/A N/A --
190370 190390 20 - - - Overbridge -- N/A N/A --
190400 190520 120 Embankment G 31.20 No Solution Used -- N/A N/A --
190530 190560 30 Embankment G 32.20 Granular Wedge at Embankment Crest 1:2 -- 4.4 4.1 --
190570 190650 80 Embankment G 31.20 <500mm Fill -- N/A N/A --
190660 190670 10 - - - Culvert -- N/A N/A --
190680 190730 50 Embankment G 31.20 <500mm Fill -- N/A N/A --
190740 190930 190 Embankment G 31.20 Granular Wedge at Embankment Crest 1:2 -- 4.9 2.9 --
190940 190970 30 Embankment G 31.20 <500mm Fill -- N/A N/A --
190980 191050 70 Embankment A 31.20 No Solution Used -- N/A N/A --
191060 191080 20 Embankment A 31.20 <500mm Fill -- N/A N/A --
191090 191190 100 Embankment A 31.20 Full Height Embankment Widening 1:2 -- 5 2.1 --
191200 191220 20 Embankment A 31.20 No Solution Used -- N/A N/A --
191230 191280 50 Embankment A 31.20 <500mm Fill -- N/A N/A --
191290 191310 20 Embankment A 31.20 Full Height Embankment Widening 1:2 -- N/A N/A --
191320 191350 30 Embankment A 31.20 <500mm Fill -- N/A N/A --
191360 191370 10 - - - Culvert -- N/A N/A --
191380 191450 70 Cutting A 31.20 <500mm Cut -- N/A N/A --
191460 191480 20 Cutting A 32.20 Regrade Full Height 1:3 -- 3.7 1.6 --
191480 191550 70 Cutting A 33.20 <500mm Cut -- N/A N/A --
191560 191580 20 Cutting R None Ret. wall (Sheet Pile) 0.9 N/A N/A --
191590 191640 50 Cutting R None <500mm Cut -- N/A N/A --
191650 191660 10 - - - Overbridge -- N/A N/A --
191670 191760 90 Cutting G None No Solution Used -- N/A N/A --
191770 191820 50 Bund G None Regrade Full Height 1:3 -- 5.8 1.7 --
191830 192060 230 At Grade G None No Solution Used -- N/A N/A --
192070 192090 20 Embankment G None <500mm Cut -- N/A N/A --
192100 192110 10 Embankment G None Full Height Embankment Widening 1:2 -- -- 1.1 --
192120 192130 10 Embankment A None <500mm Cut -- N/A N/A --
192130 192140 10 Embankment A None Granular Wedge at Embankment Crest 1:2 -- N/A N/A --
192140 192200 60 Embankment A None <500mm Fill -- N/A N/A --
192210 192400 190 Embankment A None Granular Wedge at Embankment Crest 1:2 -- 4 4.62 --
192410 192460 50 Embankment A None <500mm Fill -- N/A N/A --
192470 192500 30 Embankment A None Full Height Embankment Widening 1:2 -- 4 6.2 --
192500 192510 10 Embankment A None <500mm Fill -- -- -- --
192510 192530 20 - - - Culvert -- N/A N/A --
192540 192970 430 Embankment A None <500mm Fill -- N/A N/A --
192980 193020 40 Cutting A None Gabion Wall 1.6 N/A N/A --
193030 193060 30 - - - Overbridge -- N/A N/A --
193070 193190 120 At Grade A None <500mm Cut -- N/A N/A --
193200 193250 50 Cutting A None <500mm Fill -- N/A N/A --
193250 193320 70 Cutting A None Gabion Wall 0.5 N/A N/A --
193320 193350 30 Cutting A None Ret. Wall (Sheet Pile) 2.3 N/A N/A --
193350 193420 70 Cutting A None Gabion Wall 1.0 N/A N/A --
193430 193470 40 Cutting A None Gabion Wall 0.5 N/A N/A --
193470 193480 10 Cutting A None <500mm Cut -- N/A N/A --
193490 193500 10 - - - Overbridge -- N/A N/A --
193510 193570 60 Cutting A None No Solution Used -- N/A N/A --
193580 193600 20 - - - Overbridge -- N/A N/A --
193610 193630 20 Cutting G None No Solution Used -- N/A N/A --
193640 193660 20 - - - Overbridge -- N/A N/A --
193670 193730 60 Cutting G None No Solution Used -- N/A N/A --
193740 193790 50 Cutting G None No Solution Used 0.8 N/A N/A --
193790 193810 20 Cutting G None <500mm Cut & Fill -- N/A N/A --
193820 193840 20 Cutting A None <500mm Cut -- N/A N/A --
193840 194900 1060 Cutting A None No Solution Used -- N/A N/A --
194910 194920 10 - - - Overbridge -- N/A N/A --
194930 195000 70 Cutting N/A None No Solution Used -- N/A N/A --

* The maximum buildout widths have been calculated using the exsiting verge widths and the proposed verge widths.

Mainline Widening Solutions Schedule Northbound
1) Information provided within this schedule has been provided to the nearest 10m. Exact lengths of retaining structures are provided within the 1600 series
schedule and drawings.

2) All 10m gaps between solutions are areas of transition.
3) Minor and major structures have been included in the mainline widening.
4) 0.5m has been added to Max. retained Height for Ret. Wall (Sheet Pile) in embankment.



N.B.

Chainage
Start

Chainage
End Length (m) Earthwork

Type

Worst Case
Existing

Vegetation
(RAG)

Max. Flood
Risk

(mAOD)
Earthworks Widening solution Max. Retained

Height (m)
Max Buildout

Width (m)*
Max Cut / Fill Height

(m) Comments

182000 182020 20 Cutting G None No Solution Used -- N/A N/A --
182030 182090 60 - - - Overbridge -- N/A N/A --
182100 182150 50 Cutting A None Regrade Full Height 1:2.5 -- 2.8 5.5 --
182150 182230 80 Regrade Full Height 1:3.0 2.9 7.3
182240 182620 380 Cutting A None Regrade Full Height 1:3 -- 2.8 7.2 --
182630 182700 70 Cutting A None <500mm Cut -- N/A N/A Areas of cut and fill present
182710 182730 20 - - - Overbridge -- N/A N/A --
182740 182780 40 At Grade A None <500mm Cut -- N/A N/A --
182790 182890 100 At Grade A None No Solution Used -- N/A N/A --
182900 182930 30 Embankment A None <500mm Fill -- N/A N/A --
182940 183310 370 Embankment A None Granular Wedge At Embankment Crest 1:2 -- 2.9 8 --
183320 183430 110 Embankment A None Full Height Embankment Widening 1:2 -- 3.9 5.2 --
183440 183470 30 At Grade A None <500mm Cut -- N/A N/A --
183480 183510 30 At Grade G None Regrade Full Height 1:3 -- 2.4 1 --
183520 183780 260 Cutting G None <500mm Cut -- N/A N/A --
183780 183790 10 Cutting G None Regrade Full Height 1:2.5 2.8 3.1
183800 183950 150 Cutting G None Ret. Wall (Sheet Pile) 1.1 N/A N/A --
183960 184020 60 Cutting G None Regrade Full Height 1:3 -- 4.0 9.6 --
184030 184060 30 Cutting G None <500mm Cut -- N/A N/A --
184070 184100 30 - - - Overbridge -- N/A N/A --
184110 184130 20 Cutting G None Regrade Full Height 1:2.5 -- 2.6 6.5 --
184130 184170 40 Cutting G None Regrade Partial Height 1:2.5 -- 2.0 3.4 --
184170 184200 30 Cutting G None <500mm Cut -- N/A N/A --
184210 184220 10 Cutting G None Regrade Partial Height 1:2.5 -- 1.9 2.6 --
184230 184270 40 Cutting G None <500mm Cut -- N/A N/A --
184280 184330 50 Cutting G None Regrade Partial Height 1:2.5 -- 5.2 4.5 --
184340 184380 40 Cutting G None <500mm Cut -- N/A N/A --
184390 184470 80 Cutting G None Regrade Full Height 1:2.5 -- 4.8 2.9 --
184480 184620 140 At Grade A None <500mm Cut / No Solution -- N/A N/A --
184630 184740 110 Embankment A None Full Height Embankment Widening 1:2 -- 5.2 2.6 --
184750 184870 120 Embankment R None No Solution Used -- N/A N/A --
184880 185100 220 Cutting R None <500mm fill -- N/A N/A --
185110 185120 10 - - - Overbridge -- N/A N/A --
185130 185160 30 Cutting R None No Solution Used -- N/A N/A --
185170 185210 40 Cutting R None Regrade Full Height 1:3 -- 5.6 3.1 --
185220 185330 110 Cutting R None <500mm Fill -- N/A N/A --
185340 185360 20 - - - Overbridge -- N/A N/A --
185370 185470 100 Cutting R None <500mm Fill -- N/A N/A --
185480 185500 20 Cutting R None <500mm Cut -- N/A N/A
185510 185600 90 Cutting G None Regrade Full Height 1:3 -- 1.7 2.8 --
185610 185620 10 At Grade G None <500mm Cut -- N/A N/A --
185630 185860 230 At Grade G None <500mm Fill -- N/A N/A --
185870 185900 30 Embankment A 30.6 Granular Wedge At Embankment Crest 1:2 -- 1.9 2.3 --
185900 185900 0 Culvert -- N/A N/A --
185900 186200 300 Embankment A 30.6 Granular Wedge At Embankment Crest 1:2 -- 1.9 3 --
186210 186400 190 Embankment A 31.6 Full Height Embankment Widening 1:2 -- 4.7 2.9 --
186410 186440 30 Embankment A None <500mm Fill -- N/A N/A --
186450 186520 70 At Grade A None No Solution Used -- N/A N/A --
186530 186560 30 - - - Overbridge -- N/A N/A --
186570 186790 220 Embankment G 30.5 <500mm Cut -- N/A N/A --
186800 186830 30 Embankment G 30.5 Granular Wedge At Embankment Crest 1:2 -- 3.6 5.7 --
186830 186860 30 Embankment G 30.5 Full Height Embankment Widening 1:2 -- 3.6 5.7 --
186860 186880 20 Embankment G 32.5 Granular Wedge At Embankment Crest 1:2 -- 3.6 5.7 --
186890 187080 190 Embankment G 30.5 Full Height Embankment Widening 1:2 -- -- 6.5
187090 187110 20 - - - Underbridge -- N/A N/A --
187120 187250 130 Embankment A None Granular Wedge At Embankment Crest 1:2 -- 1 5.5 --
187260 187270 10 - - - Culvert -- N/A N/A --
187280 187320 40 Embankment A 30.9 Full Height Embankment Widening 1:2 -- 4.3 2 --
187330 187340 10 - - - Culvert -- N/A N/A --
187350 187490 140 Embankment A 30.9 Granular Wedge At Embankment Crest 1:2 -- 1.0 4.5 --
187500 187590 90 Embankment A 30.9 <500mm Fill -- N/A N/A --
187600 187620 20 Embankment A 30.9 Full Height Embankment Widening 1:2 -- 5.1 2 --
187620 187790 170 Embankment A 30.9 <500mm Cut -- N/A N/A --
187800 187830 30 Embankment A 31.0 Ret. Wall (Sheet Pile) 2.3 N/A N/A --
187840 187850 10 Embankment A 31.0 <500mm Cut -- N/A N/A --
187860 187870 10 - - - Culvert -- N/A N/A --
187880 187900 20 Embankment A 31.0 No Solution Used -- N/A N/A --
187910 187930 20 Embankment A 31.0 Ret. Wall (Sheet Pile) 1.2 N/A N/A --
187940 187960 20 Embankment A 31.0 No Solution Used -- N/A N/A --
187960 188010 50 - - - Underbridge -- N/A N/A --
188020 188090 70 Embankment A 31.0 <500mm Fill -- N/A N/A --
188100 188130 30 Embankment A 31.0 Ret. Wall (Sheet Pile) 1.4 N/A N/A --
188140 188220 80 Embankment A 31.0 No Solution Used -- N/A N/A --
188230 188250 20 Embankment A 31.0 Full Height Embankment Widening 1:2 -- 3.3 7.3 --
188250 188300 50 - - - Underbridge -- N/A N/A --
188310 188370 60 Embankment A 31.1 No Solution Used -- N/A N/A --
188380 188400 20 Embankment A 31.1 Granular Wedge At Embankment Crest 1:2 -- 4.3 4.8 --
188410 188500 90 Embankment R 31.1 Ret. Wall (Sheet Pile) 2.7 N/A N/A --
188500 188550 50 Embankment R 31.1 Ret. Wall (Sheet Pile) 2.0 N/A N/A --
188560 188720 160 - - - Underbridge -- N/A N/A --
188720 188740 20 Embankment R 32.2 No Solution Used -- N/A N/A --
188750 188770 20 Embankment R 32.2 Ret. Wall (Sheet Pile) 2.3 N/A N/A --
188780 188860 80 Embankment R 32.2 <500mm Cut -- N/A N/A --
188870 188930 60 Embankment R 32.2 <500mm Fill -- N/A N/A Areas of cut and fill present
188940 188960 20 Embankment R 32.2 Ret. Wall (Sheet Pile) 2.1 N/A N/A --
188970 188980 10 Embankment R 32.2 <500mm Fill -- N/A N/A --
188990 189150 160 - - - Underbridge -- N/A N/A --
189150 189170 20 Embankment A 32.2 Ret. Wall (Sheet Pile) 2.5 N/A N/A --
189180 189180 0 Embankment A 33.2 No Solution Used -- N/A N/A --
189190 189190 0 Embankment A 34.2 <500mm fill -- N/A N/A --
189200 189270 70 Embankment A 32.2 No Solution Used 0 N/A N/A --
189280 189310 30 Embankment A 33.2 Ret. Wall (Sheet Pile) 1.5 N/A N/A --
189320 189480 160 - - - Underbridge -- N/A N/A --
189490 189510 20 Cutting A 32.2 <500mm Cut -- N/A N/A --
189520 189530 10 - - - Overbridge -- N/A N/A --
189540 189550 10 Cutting A 32.2 <500mm Cut -- N/A N/A --
189560 189740 180 Embankment A 32.2 Granular Wedge At Embankment Crest 1:2 -- N/A 1.3 --
189750 189790 40 Embankment A 32.2 Ret. Wall (Sheet Pile) 2.8 N/A N/A --
189800 189930 130 Embankment A 32.2 Granular Wedge At Embankment Crest 1:2 -- 3.9 2.7 --
189940 189950 10 - - - Underbridge -- N/A N/A --
189960 190280 320 Embankment A 32.2 Granular Wedge At Embankment Crest 1:2 -- N/A 4.5 --
190290 190320 30 Embankment A 32.2 <500mm Fill -- N/A N/A --
190330 190370 40 Embankment A 32.2 Granular Wedge At Embankment Crest 1:2 -- N/A 5.8 --
190380 190390 10 - - - Underbridge -- N/A N/A --
190400 190440 40 Embankment A 31.2 <500mm Fill -- 4.1 6.3 --
190440 190650 210 Embankment A 31.2 Granular Wedge At Embankment Crest 1:2 -- 4.1 6.3
190660 190670 10 - - - Culvert -- N/A N/A --
190680 191040 360 Embankment A 31.2 Granular Wedge At Embankment Crest 1:2 -- 1 2.6 --
191050 191410 360 Embankment A 31.2 <500mm Fill -- N/A N/A --
191420 191450 30 Embankment A 32.2 Granular Wedge At Embankment Crest 1:2 -- -- 2.8 --
191450 191500 50 Embankment A None <500mm Fill -- N/A N/A --
191500 191530 30 At Grade A None <500mm Fill -- N/A N/A --
191530 191550 20 Cutting A None <500mm Fill -- N/A N/A --
191560 191570 10 Cutting A None Regrade Partial Height 1:3 -- 1.5 1 --
191580 191650 70 Cutting A None <500mm Fill -- N/A N/A --
191660 191680 20 - - - Overbridge -- N/A N/A --
191690 191830 140 At Grade R None <500mm Fill -- N/A N/A --
191840 191930 90 Cutting R None <500mm Cut -- N/A -- --
191940 191960 20 Cutting R None <500mm Cut N/A --
191960 191970 10 Cutting R None No Solution Used -- N/A N/A --
191970 191990 20 Cutting R None <500mm Cut -- N/A -- --
192000 192020 20 Embankment R None <500mm Fill -- N/A N/A --
192030 192080 50 Embankment R None Granular Wedge At Embankment Crest 1:2 -- 4.4 1.9 --
192090 192140 50 Embankment R None Ret. Wall (Sheet Pile) 2.0 N/A N/A --
192140 192190 50 Embankment R None Ret. Wall (Sheet Pile) 3.8 N/A N/A --
192190 192250 60 Embankment R None Ret. Wall (Sheet Pile) 3.1 N/A N/A --
192250 192260 10 Embankment R None Ret. Wall (Sheet Pile) 2.0 N/A N/A --
192260 192300 40 Embankment R None Ret. Wall (Sheet Pile) 3.1 N/A N/A --
192300 192360 60 Embankment R None Ret. Wall (Sheet Pile) 3.8 N/A N/A --
192360 192400 40 Embankment R None Ret. Wall (Sheet Pile) 3.1 N/A N/A --
192400 192480 80 Embankment R None Ret. Wall (Sheet Pile) 2.1 N/A N/A --
192480 192520 40 Embankment R None Ret. Wall (Sheet Pile) 2.3 N/A N/A --
192530 192550 20 - - - Underbridge -- N/A N/A --
192560 192700 140 Embankment A None Full Height Embankment Widening 1:2 -- 2.5 6.3 --
192710 192770 60 Embankment A None Ret. Wall (Sheet Pile) 2.9 N/A N/A --
192770 192840 70 Embankment A None Ret. Wall (Sheet Pile) 2.0 N/A N/A --
192850 192890 40 Embankment A None <500mm Fill -- N/A N/A --
192900 192980 80 Cutting A None <500mm Cut -- N/A N/A --
192990 193220 230 Cutting A None No Solution Used -- N/A N/A --
193230 193290 60 At Grade A None <500mm Fill -- N/A N/A --
193300 193320 20 Cutting A None Ret. Wall (Sheet Pile) N/A N/A --
193320 193490 170 Cutting A None Gabion Wall 0.8 N/A N/A --
193500 193510 10 - - - Overbridge -- N/A N/A --
193520 193570 50 Cutting A None No Solution Used -- N/A N/A --
193580 193590 10 - - - Overbridge -- N/A N/A --
193600 193640 40 Cutting A None <500mm Cut -- N/A N/A --
193650 193670 20 - - - Overbridge -- N/A N/A --
193680 193690 10 Cutting A None Ret. Wall (Sheet Pile) 1.5 N/A N/A --
193700 193730 30 Cutting A None No Solution Used -- N/A N/A --
193740 193840 100 Cutting A None No Solution Used -- N/A N/A --
193850 193860 10 At Grade A None No Solution Used -- N/A N/A --
193860 193880 20 At Grade A None No Solution Used -- N/A N/A --
193880 194080 200 Cutting A None No Solution Used -- N/A N/A --
194080 194100 20 - - - Overbridge -- N/A N/A --
194100 194320 220 Cutting A None No Solution Used -- N/A N/A --
194330 194500 170 Cutting A None <500mm Fill -- N/A N/A --
194510 194930 420 Cutting A None No Solution Used -- N/A N/A --
194930 194940 10 - - - Overbridge -- N/A N/A --
194940 195000 60 Cutting N/A None No Solution Used -- N/A N/A --

* The maximum buildout widths have been calculated using the exsiting verge widths and the proposed verge widths.
* The maximum buildout widths have been calculated using the exsiting verge widths and the proposed verge widths.

Mainline Widening Solutions Schedule Southbound
1) Information provided within this schedule has been provided to the nearest 10m. Exact lengths of retaining structures are
provided within the 1600 series schedule and drawings.
2) All 10m gaps between solutions are areas of transition.
3) Minor and major structures have been included in the mainline widening.
4) 0.5m has been added to Max. retained Height for Ret. Wall (Sheet Pile) in embankment.



N.B.

Chainage
Start

Chainage
End

Length
(m) Junction NB/SB Carriageway Earthwork Type

Worst Case
Existing

Vegetation
(RAG)

Max. Flood
Risk

(mAOD)
Earthworks Widening solution Max. Retaind

Height (m) Max Buildout Width (m)* Max Cut / Fill Height (m) Comments

182480 182630 150 23a SB M1-A42 (east) Cutting Green None <500mm Fill -- 1.5 N/A
182630 182650 20 23a SB M1-A42 (east) Cutting Green None <500mm Cut -- 1.5 N/A
182650 182720 70 23a SB M1-A42 (east) Cutting Green None Overbridge -- N/A N/A
182720 182760 40 23a SB M1-A42 (east) Cutting Green None Regrade Full Height 1:3 -- 4.0 1.6
182760 182770 10 23a SB M1-A42 (east) Cutting Green None ?? -- 4.0 ?? Insufficient topo data for full earthwork height
182770 182780 10 23a SB M1-A42 (east) Cutting Green None <500mm Cut -- 4.0 --
182780 182790 10 23a SB M1-A42 (east) Cutting Green None Regrade Full Height 1:3 -- 5.0 1.1
182790 182830 40 23a SB M1-A42 (east) Cutting Green None ?? -- 5.0 ?? Insufficient topo data for full earthwork height
182830 182900 70 23a SB M1-A42 (east) Cutting Green None Regrade Full Height 1:3 -- 4.0 1.3

181960 182070 110 23a NB A42-M1 (west) Cutting Green None No Solution Used -- 0.0 N/A
182080 182110 30 23a NB A42-M1 (west) Cutting Green None Overbridge -- N/A N/A
182120 182140 20 23a NB A42-M1 (west) Cutting Green None Granular Wedge At Embankment Crest 1:2 -- 3.8 3.3
182150 182240 90 23a NB A42-M1 (west) Cutting Green None <500mm Fill -- 3.0 N/A
182250 182280 30 23a NB A42-M1 (west) Cutting Green None No Solution Used -- 1.6 N/A

184900 185100 200 24 NB M1-A453/A50/A6 Offslip (west) ?? Green None ?? -- ?? ?? Insufficient topo data

184860 185000 140 24 SB A453/A50/A6-M1 Onslip (east) Embankment Red None Ret Wall (Sheet Pile) 6.2 5.5 N/A
185010 185100 90 24 SB A453/A50/A6-M1 Onslip (east) Embankment Red None ?? -- ?? ?? Insufficient topo data

185380 185400 20 24 NB A453/A50/A6-M1 Onslip (west) Embankment Amber None No Solution Required -- 0.0 N/A No topo data
185400 185510 110 24 NB A453/A50/A6-M1 Onslip (west) Embankment Amber None Full Height Embankment Widening 1:2 -- 4.0 1.8
185510 185540 30 24 NB A453/A50/A6-M1 Onslip (west) Embankment Amber None <500mm Fill -- 4.0 N/A
185540 185550 10 24 NB A453/A50/A6-M1 Onslip (west) Embankment Amber None <500mm Cut -- 4.0 N/A
185550 185590 40 24 NB A453/A50/A6-M1 Onslip (west) At Grade Amber None Regrade Partial Height 1:3 -- 4.0 0.8
185590 185610 20 24 NB A453/A50/A6-M1 Onslip (west) At Grade / Cutting Amber None ?? -- 4.0 ?? Insufficient topo data
185610 185640 30 24 NB A453/A50/A6-M1 Onslip (west) Cutting Amber None Regrade Partial Height 1:3 -- 4.0 1.3

186200 186450 250 24 SB M1-A453/A50/A6 Offslip (east) -- -- -- See mainiline widening schedule -- -- --

186700 186760 60 24a NB A50-M1 Onslip (west) Embankment Amber None No Solution Used -- 0.0 N/A
186760 186970 210 24a NB A50-M1 Onslip (west) Embankment Green None Full Height Embankment Widening 1:2 -- 3.0 6.2
186970 187070 100 24a NB A50-M1 Onslip (west) Embankment Green None Granular Wedge At Embankment Crest 1:2 -- 3.0 5.9

186550 186640 90 24a SB M1-A50 Offslip (east) -- -- -- See mainiline widening schedule -- -- --

193110 193260 150 25 NB M1-A52 Offslip (west) Cutting Amber None <500mm Cut -- 3.0 N/A
193260 193500 240 25 NB M1-A52 Offslip (west) Cutting Amber None No Solution Used -- 3.0 N/A Topo data does not cover full slope

193120 193260 140 25 SB A52-M1 Onslip (east) Cutting Amber None <500mm Cut -- 3.8 N/A Topo data does not cover full slope
193260 193400 140 25 SB A52-M1 Onslip (east) Cutting Amber None No Solution Used -- 3.8 N/A Topo data does not cover full slope
193400 193420 20 25 SB A52-M1 Onslip (east) Cutting Amber None <500mm Fill -- 3.8 N/A Topo data does not cover full slope
193420 193500 80 25 SB A52-M1 Onslip (east) Cutting Amber None No Solution Used -- 3.8 N/A Topo data does not cover full slope

193680 193950 270 25 NB A52-M1 Onslip (west) Embankment Green None No Solution Used -- 0.0 N/A

193700 194100 400 25 SB M1-A52 Offslip (east) Embankment Amber None No Solution Used -- 0.0 N/A

* The maximum buildout widths have been calculated using the exsiting verge widths and the proposed verge widths.

1) Information provided within this schedule has been provided to the nearest 10m. Exact lengths of retaining
structures are provided within the 1600 series schedule and drawings.

2) All 10m gaps between solutions are areas of transition.
3) Minor and major structures have been included in the mainline widening.
4) 0.5m has been added to Max. retained Height for Ret. Wall (Sheet Pile) in embankment.

Mainline Widening Solutions Schedule Merges & Diverges
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JOB NUMBER: 244508/COCDFL1SMP01 REFERENCE: HA549342-AMAR-HGT-SWI-SP-CE-000004

DF5: Further Design Refinement

DF5: Further Design (Retaining
walls)

For Target Cost

TQ18 - Foundation Information

Updated Foundation Information
(internal / not issued)

DF5 Submission

Internal - not issued
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Sheet Piling Schedule Northbound

Chainage
Start

Chainage
End Earthwork Type Sheet Pile Type Total Structure

Length (m)
Max. Retained

Height (m)

Max.
Embedment
Depth (m)

Total Pile Length
(m) Section Steel Grade

Max.
Embedment
Depth (m)

Total Pile
Length (m) Section Steel

Grade Section Steel
Grade

Min.
Embedm

ent
Depth

182880 182890 Cutting Plastic 10 0.40 1.1 1.5 - -
184071 184140 Cutting Steel 69 1.0 - - - - 3.5 4.5 AZ12 S 390 GP AZ12 S 270 GP 1.0
184140 184430 Cutting Steel 290 1.8 - - - - 4.2 6.0 AZ12 S 390 GP AZ12 S 270 GP 1.0
184430 184453 Cutting Steel 23 1.0 - - - - 3.5 4.5 AZ12 S 390 GP AZ12 S 270 GP 1.0
185139 185220 Cutting Steel 81 2.0 - - - - 6.0 8.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
185220 185270 Cutting Steel 50 2.3 - - - - 7.7 10.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
185270 185321 Cutting Steel 51 2.0 - - - - 6.0 8.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
185893 185950 Embankment Steel 57 2.0 - - - - 4.5 6.5 AZ24 S 390 GP AZ12 S 270 GP 1.0
185950 185990 Embankment Steel 40 2.1 - - - - 4.4 6.5 AZ24 S 390 GP AZ12 S 270 GP 1.0
185990 186040 Embankment Steel 50 2.0 - - - - 4.5 6.5 AZ24 S 390 GP AZ12 S 270 GP 1.0
186040 186090 Embankment Steel 50 2.3 - - - - 5.2 7.5 AZ24 S 390 GP AZ12 S 270 GP 1.0
186090 186230 Embankment Steel 140 2.0 - - - - 4.5 6.5 AZ24 S 390 GP AZ12 S 270 GP 1.0
186230 186270 Embankment Steel 40 2.5 - - - - 5.0 7.5 AZ24 S 390 GP AZ12 S 270 GP 1.0
186270 186360 Embankment Steel 90 2.0 - - - - 4.5 6.5 AZ24 S 390 GP AZ12 S 270 GP 1.0
186390 186443 Embankment Steel 53 1.4 - - - - 5.1 6.5 AZ12 S 390 GP AZ12 S 270 GP 1.0
186489 186530 Embankment Steel 41 1.9 - - - - 4.1 6.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
188522 188549 Embankment Steel 27 2.7 - - - - 8.3 11.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
188721 188740 Embankment Steel 19 2.0 - - - - 6.0 8.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
188740 188850 Embankment Steel 110 2.8 - - - - 6.2 9.0 AZ24 S 390 GP AZ12 S 270 GP 1.5
188850 188865 Embankment Steel 15 2.0 - - - - 7.0 9.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
188865 188893 Embankment Steel 28 2.0 - - - - 6.0 8.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
191557 191582 Cutting Steel 25 0.9 - - - - 3.8 4.7 AZ12 S 390 GP AZ12 S 270 GP 1.0
193320 193350 Cutting Steel 30 2.3 - - - - 7.7 10.0 AZ24 S 390 GP AZ12 S 270 GP 1.0

King Sheet Pile Wall

Sheet Pile Wall KSP (700mm Sections) Intermediate KSP Sections
(770mm)



Sheet Piling Schedule Southbound

Chainage
Start

Chainage
End Earthwork Type Sheet Pile

Type
Total Structure

Length (m)
Max. Retained

Height (m)

Max.
Embedment
Depth (m)

Total Pile
Length (m) Section Steel Grade

Max.
Embedment
Depth (m)

Total Pile
Length (m) Section Steel Grade Section Steel Grade

Min.
Embedment
Depth (mbgl)

183798 183950 Cutting Steel 152 1.4 - - - - 4.1 5.5 AZ12 S 390 GP AZ12 S 270 GP 1.0
187800 187835 Embankment Steel 35 2.3 - - - - 4.2 6.5 AZ 24 S 390 GP AZ12 S 270 GP 1.0
187910 187931 Embankment Steel 21 1.2 - - - - 6.9 7.5 AZ12 S 390 GP AZ12 S 270 GP 1.0
188100 188129 Embankment Steel 29 1.4 - - - - 5.6 7.0 AZ12 S 390 GP AZ12 S 270 GP 1.0
188408 188500 Embankment Steel 92 2.7 - - - - 8.3 11.0 AZ46 S 390 GP AZ12 S 270 GP 1.0
188500 188546 Embankment Steel 46 2.0 - - - - 6.0 8.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
188746 188769 Embankment Steel 23 2.3 - - - - 5.2 7.5 AZ24 S 390 GP AZ12 S 270 GP 2.5
188934 188956 Embankment Steel 22 2.1 - - - - 5.7 8.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
189155 189171 Embankment Steel 16 2.5 - - - - 5.3 8.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
189280 189305 Embankment Steel 25 1.5 - - - - 5.0 6.5 AZ12 S 390 GP AZ12 S 270 GP 1.0
189750 189791 Embankment Steel 41 2.9 - - - - 6.1 9.0 AZ24 S 390 GP AZ12 S 270 GP 1.0
192085 192140 Embankment Steel 55 2.0 - - - - 6.0 8.0 AZ36 S 390 GP AZ12 S 270 GP 1.0
192140 192190 Embankment Steel 50 3.9 9.1 13.0 AZ50 S 390 GP - - - - - - -
192190 192240 Embankment Steel 50 3.1 - - - - 7.9 11.0 AZ36 S 390 GP AZ12 S 270 GP 1.0
192240 192260 Embankment Steel 20 2.0 - - - - 6.0 8.0 AZ36 S 390 GP AZ12 S 270 GP 1.0
192260 192300 Embankment Steel 40 3.1 - - - - 7.9 11.0 AZ36 S 390 GP AZ12 S 270 GP 1.0
192300 192370 Embankment Steel 70 3.9 9.1 13.0 AZ50 S 390 GP - - - - - - -
192370 192400 Embankment Steel 30 3.1 - - - - 7.9 11.0 AZ36 S 390 GP AZ12 S 270 GP 1.0
192400 192480 Embankment Steel 80 2.4 - - - - 9.6 12.0 AZ36 S 390 GP AZ12 S 270 GP 1.0
192480 192523 Embankment Steel 43 2.3 - - - - 9.7 12.0 AZ36 S 390 GP AZ12 S 270 GP 1.0
192709 192770 Embankment Steel 61 3.4 - - - - 9.1 12.5 AZ50 S 390 GP AZ12 S 270 GP 1.0
192770 192832 Embankment Steel 62 2.5 - - - - 6.0 8.5 AZ36 S 390 GP AZ12 S 270 GP 1.0
193301 193320 Cutting Steel 19 1.1 - - - - 4.2 5.0 AZ12 S 390 GP AZ12 S 270 GP 1.0
193680 193691 Cutting Steel 11 1.5 - - - - 5.5 7.0 AZ24 S 390 GP AZ12 S 270 GP 1.0

King Sheet Pile Wall

Sheet Pile Wall KSP (700mm sections) Intermediate KSP Sections (770mm)



Sheet Piling Schedule Merges & Diverges

Chainage
Start

Chainage
End

Earthwork
Type

Sheet
Pile
Type

Total
Structure

Length (m)

Max.
Retained

Height (m)

Max.
Embedment
Depth (m)

Total Pile
Length

(m)
Section Steel

Grade

Max.
Embedment
Depth (m)

Total Pile
Length (m) Section Steel

Grade Section Steel
Grade

Min.
Embedment
Depth (mbgl)

184920 185000 Embankment Steel 80 1.0 - - - - 6.5 7.5 AZ12 S 390 GP AZ12 S 270 GP 1.0

Sheet Pile Wall KSP (700mm sections) Intermediate KSP Sections (770mm)

King Sheet Pile Wall



Asset SMP
Reference

Chainage
(m) Carriageway Foundation

type Pile Type Number of
Piles

Pile
Diameter

(mm)

Pile
Spacing

(m)

Pile Length
(m)

Gantry
(MS4) 101 181950 NB Pile Group Bored 4

(2 x 2) 0.75 2.25 11

Gantry
(Super Cantilever) 112 185180 SB Pile Group Bored 4

(2 x 2) 0.9 2.7 28

Gantry
(Superspan Portal) 202 186240 NB Pile Group Bored 3

(1 x 3) 0.9 2.7 15.5

Gantry
(Superspan Portal) 202 186240 SB Pile Group Bored 3

(1 x 3) 0.9 2.7 15.5

Gantry
(ADS) 203 186400 SB Pile Group Bored 4

(2 x 2) 0.9 2.7 25

Gantry
(Super Cantilever) 204 186526 NB Pile Group Bored 4

(2 x 2) 0.9 2.7 19

Gantry
(Superspan Portal) 301 186847 NB Pile Group Bored 4

(2 x 2) 0.9 2.7 13

Gantry
(Superspan Portal) 301 186847 SB Pile Group Bored 4

(2 x 2) 0.9 2.7 13

Gantry
(ADS) 302 187073 SB Pile Group Bored 4

(2 x 2) 0.9 2.7 21

Gantry
(MS4) 326 187300 SB Pile Group Bored 4

(2 x 2) 0.75 2.25 17

Gantry
(ADS) 303 187608 SB Pile Group Bored 4

(2 x 2) 0.9 2.7 20

Gantry
(Super Cantilever) 304 187650 NB Pile Group Bored 4

(2 x 2) 0.9 2.7 12.5

Gantry
(MS4) 305 187818 SB Pile Group Bored 4

(2 x 2) 0.75 2.25 9

Gantry
(MS4) 307 188529 NB Pile Group Bored 4

(2 x 2) 0.75 2.25 15

Gantry
(ADS) 308 188760 SB Pile Group Bored 4

(2 x 2) 0.9 2.7 26

Gantry
(MS3) 309 188947 SB Pile Group Bored 4

(2 x 2) 0.75 2.25 12

Gantry
(MS4) 310 189160 SB Pile Group Bored 4

(2 x 2) 0.75 2.25 6

Gantry
(Superspan Portal) 311 189780 NB Pile Group Bored 4

(2 x 2) 0.9 2.7 15.5

Gantry
(Superspan Portal) 311 189780 SB Pile Group Bored 4

(2 x 2) 0.9 2.7 15.5

Gantry
(MS4) 312 190605 SB Pile Group Bored 4

(2 x 2) 0.75 2.25 16

Gantry
(MS3) 313 190771 NB Pile Group Bored 4

(2 x 2) 0.75 2.25 8

Gantry
(MS4) 314 191096 NB Pile Group Bored 4

(2 x 2) 0.75 2.25 11

Gantry
(ADS) 315 191296 NB Pile Group Bored 4

(2 x 2) 0.9 2.7 25

Gantry
(MS4) 316 191430 SB Pile Group Bored 4

(2 x 2) 0.75 2.25 10.5

Gantry
(MS4) 318 191801 NB Pile Group Bored 4

(2 x 2) 0.75 2.25 13

Gantry
(ADS) 319 192101 NB Pile Group Bored 4

(2 x 2) 0.9 2.7 25

Gantry
(Super Cantilever) 320 192290 SB Pile Group Bored 4

(2 x 2) 0.9 2.7 12.5

Gantry
(MS4) 321 192476 NB Pile Group Bored 4

(2 x 2) 0.75 2.25 15

Gantry
(ADS) 322 192906 NB Pile Group Bored 4

(2 x 2) 0.9 2.7 15

Gantry
(MS4) 323 193300 SB Pile Group Bored 4

(2 x 2) 0.75 2.25 6

Gantry
(MS4) 324 193331 NB Pile Group Bored 4

(2 x 2) 0.75 2.25 7

Notes
This schedule should be read in conjuntion with the Series 1600 and 1700 Specifications and drawings



Asset SMP Reference Chainage (m) Carriageway Foundation
type

Pad Size
(W x L x D)

(m)
Pile Type Number of Piles Pile Diameter

(mm)
Pile Spacing

(m)
Pile Length

(m)

ROTTM FTP_NB2
ROTTM FTP_NB2_200y 187767 NB Pile Group N/A Bored 2 450 1.35 3.0
ROTTM FTP_NB2_400y 187551 NB Pile Group N/A Bored 2 450 1.35 3.0
ROTTM FTP_NB2_600y 187368 NB Pile Group N/A Bored 2 450 1.35 4.0
ROTTM FTP_NB2_800y 187215 NB Pile Group N/A Bored 2 450 1.35 6.0
ROTTM FTP_NB2_1m 186340 NB Pile Group N/A Bored 2 450 1.35 3.0
ROTTM FTP_NB2_1m_2 186950 NB Pile Group N/A Bored 2 450 1.35 5.0
ROTTM FTP_NB4
ROTTM FTP_NB4_200y 191967 NB Pad 2.3m x 2.0m x 1.5m N/A N/A N/A N/A N/A
ROTTM FTP_NB4_400y 191785 NB Pile Group 2.3m x 2.0m x 1.5m N/A N/A N/A N/A N/A
ROTTM FTP_NB4_600y 191560 NB Pad 2.3m x 2.0m x 1.5m N/A N/A N/A N/A N/A
ROTTM FTP_NB4_800y 191485 NB Pad 2.3m x 2.0m x 1.5m N/A N/A N/A N/A N/A
ROTTM FTP_NB4_1m 190541 NB Pile Group N/A Bored 2 450 1.35 5.0
ROTTM FTP_SB2
ROTTM FTP_SB2_200y 192176 SB Pile Group N/A Bored 2 450 1.35 3.5
ROTTM FTP_SB2_400y 192357 SB Pile Group N/A Bored 2 450 1.35 6.0
ROTTM FTP_SB2_600y 192564 SB Pile Group N/A Bored 2 450 1.35 5.5
ROTTM FTP_SB2_800y 192731 SB Pile Group N/A Bored 2 450 1.35 4.5
ROTTM FTP_SB2_1m_1 193683 SB Pad 2.3m x 2.0m x 2.0m N/A N/A N/A N/A N/A
ROTTM FTP_SB2_1m_2 193439 M Pad 2.3m x 2.0m x 2.0m N/A N/A N/A N/A N/A
ROTTM FTP_SB3
ROTTM FTP_SB3_200y 190368 SB Pile Group N/A Bored 2 450 1.35 6.5
ROTTM FTP_SB3_400y 190640 SB Pile Group N/A Bored 2 450 1.35 5.0
ROTTM FTP_SB3_600y 190749 SB Pile Group N/A Bored 2 450 1.35 4.0
ROTTM FTP_SB3_800y 190932 SB Pile Group N/A Bored 2 450 1.35 3.0
ROTTM FTP_SB3_1m 191809 SB Pad 2.3m x 2.0m x 1.5m N/A N/A N/A N/A N/A
ROTTM FTP_SB4
ROTTM FTP_SB4_200y 187923 SB Pile Group N/A Bored 2 450 1.35 4.5
ROTTM FTP_SB4_400y 188116 SB Pile Group N/A Bored 2 450 1.35 6.0
ROTTM FTP_SB4_600y 188240 SB Pile Group N/A Bored 2 450 1.35 6.5
ROTTM FTP_SB4_800y 188395 SB Pile Group N/A Bored 2 450 1.35 6.0
ROTTM FTP_SB4_1m 189299 SB Pile Group N/A Bored 2 450 1.35 3.5
ROTTM FTP_SB5
ROTTM FTP_SB5_200y 184105 SB Pad 2.3m x 2.0m x 2.0m N/A N/A N/A N/A N/A
ROTTM FTP SB5 400y 184306 SB Pad 2.3m x 2.0m x 2.0m N/A N/A N/A N/A N/A
ROTTM FTP SB5 600y 184474 SB Pad 2.3m x 2.0m x 2.0m N/A N/A N/A N/A N/A
ROTTM FTP SB5 800y 184672 SB Pile Group N/A Bored 2 450 1.35 3.5
ROTTM FTP SB5 1m(b) 184925 M Pad 2.3m x 2.0m x 2.0m N/A N/A N/A N/A N/A
ROTTM FTP SB5 1m 2 185389 SB Pad 2.3m x 2.0m x 1.5m N/A N/A N/A N/A N/A
ROTTM FTP_SB5_1m_1

Removed from schedule

Removed from schedule

Removed from schedule

Removed from schedule

Removed from schedule

Removed from schedule

Removed from schedule



Asset SMP Reference Chainage Start Chainage End Length Carriageway Marker Post Start Marker Post End Noise Barrier Height (m) Pile Type Pile Diameter (mm) Pile Length (m)
Noise Barrier NB7_1 187865 187870 5 NB 187/8A+65 187/8A+70 3
Noise Barrier NB7_2 187870 187945 75 NB 187/8A+70 187/9A+45 3 Bored 450 9.0
Noise Barrier NB7_3 187945 188000 55 NB 187/9A+45 188/0A+00 3
Noise Barrier NB7_4 188000 188195 195 NB 188/0A+00 188/1A+95 3 Bored 450 9.0

Noise Barrier ENS2_1 189535 189560 25 SB 189/5B+35 189/5B+60 3
Noise Barrier ENS2_2 189560 189690 130 SB 189/5B+60 189/6B+90 4 Bored 750 8.0
Noise Barrier ENS2_3 189690 189935 245 SB 189/6B+90 189/9B+35 3 Bored 450 7.0
Noise Barrier ENS2_4 189935 189950 15 SB 189/9B+35 189/9B+50 2

189950 190115 165 189/9B+50 190/1B+15 450 9.0
190115 190125 10 190/1B+15 190/1B+25 750 7.0
190125 190245 120 190/1B+25 190/2B+45 450 9.0
190245 190265 20 190/2B+45 190/2B+65 750 7.0
190265 190375 110 190/2B+65 190/3B+75 450 9.0

Noise Barrier ENS3_1 190395 190655 260 SB 190/3B+95 190/6B+55 3 Bored 450 9.0
Noise Barrier ENS3_2 190655 190660 5 SB 190/6B+55 190/6B+60 3
Noise Barrier ENS3_3 190660 191030 370 SB 190/6B+60 191/0B+30 3 Bored 450 6.0
Noise Barrier ENS3_4 191030 191080 50 SB 191/0B+30 191/0B+80 3
Noise Barrier ENS3_5 191080 191400 320 SB 191/0B+80 191/4B+00 4
Noise Barrier ENS3_6 191400 191455 55 SB 191/4B+00 191/4B+55 4 Bored 750 6.0
Noise Barrier ENS3_7 191455 191535 80 SB 191/4B+55 191/5B+35 4
Noise Barrier ENS3_8 191535 191665 130 SB 191/5B+35 191/6B+65 4

Noise Barrier ENS4_1 190835 191025 190 NB 190/8A+35 191/0A+25 2 Bored 450 4.0
191025 191060 35 191/0A+25 191/0A+60 4.0
191060 191080 20 191/0A+60 191/0A+80 5.0
191080 191310 230 191/0A+80 191/3A+10 4.0
191310 191360 50 191/3A+10 191/3A+60 4.0

Noise Barrier ENS4_3 191360 191365 5 NB 191/3A+60 191/3A+65 2
Noise Barrier ENS4_4 191365 191480 115 NB 191/3A+65 191/4A+80 2 Bored 450 6.0
Noise Barrier ENS4_5 191480 191640 160 NB 191/4A+80 191/6A+40 2

Noise Barrier ENS5_1 191680 192000 320 SB 191/6B+80 192/0B+00 4
192000 192020 20 192/0B+00 192/0B+20 4.0
192020 192140 120 192/0B+20 192/1B+40 6.0
192140 192165 25 192/1B+40 192/1B+65 6.0
192165 192265 100 192/1B+65 192/2B+65 8.0
192265 192530 265 192/2B+65 192/5B+30 7.0

Notes
This schedule should be read in conjuntion with the Series 1600 and 1700 Specifications and drawings

Existing to be retained

Noise Barrier ENS2_5 SB 3 Bored

Existing to be retained
Existing to be retained

NB 2 Bored 450

SB 3 Bored 450

Existing to be retained

Existing to be retained

Existing to be retained

ENS5_3Noise Barrier

Noise Barrier

Fixed to existing parapet plinth

Fixed to existing parapet plinth

Existing to be retained

ENS5_2 SB 4 Bored 750

Fixed to new parapet plinth

Noise Barrier ENS4_2

Existing to be retained
Existing to be retained



Asset SMP
Reference

New or
Modified
Existing

Chainage (m) Carriageway Foundation
type Pile Type

Pile
Diameter

(mm)

Pile
Length

(m)

CCTV CCTV_01 Modified 182040 SB Existing
CCTV CCTV_02 New 182245 SB Single Pile Bored 450 3.0
CCTV CCTV_03 Modified 182779 SB Existing
CCTV CCTV_04 New 182695 NB Single Pile Bored 750 7.0
CCTV CCTV_05 New 183270 NB Single Pile Bored 450 5.0
CCTV CCTV_06 New 183813 NB Single Pile Bored 450 3.0
CCTV CCTV_07 New 184180 SB Single Pile Bored 450 3.0
CCTV CCTV_08 New 184900 NB Single Pile Bored 450 5.0
CCTV CCTV_09 Modified 185102 M Existing
CCTV CCTV_10 New 185379 K Single Pile Bored 750 7.0
CCTV CCTV_11 New 186031 SB Single Pile Bored 750 7.0
CCTV CCTV_12 New 186517 NB Single Pile Bored 450 5.0
CCTV CCTV_13 Modified 186552 SB Existing
CCTV CCTV_14 New 186847 SB Single Pile Bored 450 5.0
CCTV CCTV_15 New 187072 SB Single Pile Bored 750 5.0
CCTV CCTV_16 New 187650 NB Single Pile Bored 750 5.0
CCTV CCTV_17 New 187818 SB Single Pile Bored 750 5.0
CCTV CCTV_18 New 188529 NB Single Pile Bored 750 7.0
CCTV CCTV_19 New 188760 SB Single Pile Bored 750 5.0
CCTV CCTV_20 Modified 189256 NB Existing
CCTV CCTV_21 New 189780 NB Single Pile Bored 750 5.0
CCTV CCTV_22 New 190225 NB Single Pile Bored 750 5.0
CCTV CCTV_23 New 190985 SB Single Pile Bored 750 7.0
CCTV CCTV_24 New 191700 SB Single Pile Bored 750 5.0
CCTV CCTV_25 New 192285 SB Single Pile Bored 450 5.0
CCTV CCTV_26 New 192905 NB Single Pile Bored 750 5.0
CCTV CCTV_27 New 193385 M Single Pile Bored 750 5.0
CCTV CCTV_28 Modified 193502 NB Existing
CCTV CCTV_29 Modified 193597 NB Existing

PTZ Camera CCTV_30 New 182786 L Single Pile Bored 450 3.0
PTZ Camera CCTV_31 New 192476 NB Single Pile Bored 750 5.0

CCTV CCTV_32 Modified 193949 L Existing

Notes
This schedule should be read in conjuntion with the Series 1600 and 1700 Specifications and drawings
CCTV 04 and 30 are located adjacent to overbridges, due to lack of topographical data it has been assumed that the cameras are to be located within the earthwork

Existing foundation to be reused

Existing foundation to be reused

Existing foundation to be reused

Existing foundation to be reused

Existing foundation to be reused
Existing foundation to be reused

Existing foundation to be reused

Existing foundation to be reused



Asset SMP
Reference

Chainage
(m) Carriageway Foundation

type

Planted
Depth

(m)

Pile
Type

Pile
Diameter

(mm)

Pile
Length

(m)

Radar RAD_01 181920 NB Single Pile N/A Bored 450 3.0
Radar RAD_02 182220 NB Planted 1.2 N/A N/A N/A
Radar RAD_03 182275 SB Single Pile N/A Bored 450 3.0
Radar RAD_04 182812 NB Planted 1.2 N/A N/A N/A
Radar RAD_05 183240 NB Planted 1.2 N/A N/A N/A
Radar RAD_06 183284 SB Single Pile N/A Bored 450 5.0
Radar RAD_07 183781 NB Planted 1.2 N/A N/A N/A
Radar RAD_08 183850 SB Planted 1.2 N/A N/A N/A
Radar RAD_09 184350 NB Planted 1.2 N/A N/A N/A
Radar RAD_10 184420 SB Planted 1.2 N/A N/A N/A
Radar RAD_11 184890 NB Planted 1.2 N/A N/A N/A
Radar RAD_12 184921 SB Planted 1.2 N/A N/A N/A
Radar RAD_13 185210 SB Single Pile N/A Bored 450 3.0
Radar RAD_14 185595 NB Single Pile N/A Bored 450 3.0
Radar RAD_15 186265 NB Planted 1.2 N/A N/A N/A
Radar RAD_16 186505 NB Single Pile N/A Bored 450 3.0
Radar RAD_17 186872 NB Planted 1.2 N/A N/A N/A
Radar RAD_18 187290 SB Planted 1.2 N/A N/A N/A
Radar RAD_19 187620 NB Single Pile N/A Bored 450 3.0
Radar RAD_20 187828 SB Single Pile N/A Bored 450 3.0
Radar RAD_21 188172 SB Single Pile N/A Bored 450 5.0
Radar RAD_22 188501 NB Single Pile N/A Bored 450 7.0
Radar RAD_23 188854 SB Single Pile N/A Bored 450 5.0
Radar RAD_24 189190 SB Single Pile N/A Bored 450 3.0
Radar RAD_25 189788 NB Planted 1.2 N/A N/A N/A
Radar RAD_26 190205 NB Single Pile N/A Bored 450 7.0
Radar RAD_27 190630 SB Single Pile N/A Bored 450 5.0
Radar RAD_28 191085 SB Planted 1.2 N/A N/A N/A
Radar RAD_29 191440 SB Planted 1.2 N/A N/A N/A
Radar RAD_30 191775 NB Single Pile N/A Bored 450 3.0
Radar RAD_31 192128 NB Single Pile N/A Bored 450 3.0
Radar RAD_32 192313 SB Planted 1.2 N/A N/A N/A
Radar RAD_33 192466 NB Single Pile N/A Bored 450 5.0
Radar RAD_34 192834 NB Single Pile N/A Bored 450 3.0
Radar RAD_35 193290 SB Planted 1.2 N/A N/A N/A
Radar RAD_36 193696 SB Single Pile N/A Bored 450 3.0
Radar RAD_37 193960 SB Single Pile N/A Bored 450 3.0

Notes
This schedule should be read in conjuntion with the Series 1600 Specifications and drawings
Options have been given for both a bored pile and driven pile solution due to the potential risk of driveability issues.



Asset SMP
Reference

Chainage
(m) Carriageway Foundation

type
Pile
Type

Pile
Diameter

(mm)

Pile
Length

(m)

EAV Pole EAV_01-3 183613 NB Single Pile Bored 450 3.0
EAV Pole EAV_06-3 184590 SB Single Pile Bored 450 3.0
EAV Pole EAV_05-3M 187912 SB Single Pile Bored 450 3.0
EAV Pole EAV_02-3 189630 NB Single Pile Bored 450 3.0
EAV Pole EAV_03 191701 NB Single Pile Bored 450 5.0
EAV Pole EAV_04-3 192478 SB Single Pile Bored 450 3.0

Notes
This schedule should be read in conjuntion with the Series 1600 and 1700 Specifications and drawings
Options have been given for both a bored pile and driven pile solution due to the potential risk of driveability issues.



Asset SMP
Reference Chainage Carriageway Pad or Pile

Pad Size
(w x l x d)

(m)

No of Piles
Required per

Sign Post
Leg

Pile Group Layout
(Width x Length)

Total No of
Piles

Required

Pile
Type

Pile
Diameter

(mm)

Pile
Length

(m)

Large Traffic Sign NB03 182109 NB Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign NB04 182413 NB Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign NB07 183411 NB N/A N/A N/A N/A N/A N/A
Large Traffic Sign NB11 183700 NB Pad 2.6 x 2.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign NB13 184135 NB Pad 2.6 x 4.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign NB19 184905 NB Pile N/A 1 N/A 1 Bored 450 5.0
Large Traffic Sign NB21 185180 NB Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign NB30 186480 NB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign NB31 186790 NB Pile N/A 2 1 x 2 4 Bored 450 5.0
Large Traffic Sign NB32 186630 NB Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign NB41 187450 NB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign NB42 187630 NB Pile N/A 2 1 x 2 4 Bored 450 5.0
Large Traffic Sign NB46 188748 NB Pile N/A 1 N/A 2 Bored 450 10.0
Large Traffic Sign NB50 188561 NB Pile N/A 1 N/A 2 Bored 450 10.0
Large Traffic Sign NB58 190800 NB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign NB70 192660 NB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign NB75 193173 NB Pad 2.6 x 2.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign NB76 193171 NB Pad 2.6 x 2.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign SB03 194700 SB Pad 2.6 x 2.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign SB11 192302 SB Pile N/A 2 1 x 2 4 Bored 450 9.0
Large Traffic Sign SB12 192430 SB Pile N/A 1 N/A 2 Bored 450 10.0
Large Traffic Sign SB14 191970 SB Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign SB28 190578 SB Pile N/A 1 N/A 2 Bored 450 10.0
Large Traffic Sign SB37 189200 SB Pile N/A 2 1 x 2 4 Bored 450 5.0
Large Traffic Sign SB40 188880 SB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign SB43 188522 SB Pile N/A 1 N/A 2 Bored 450 10.0
Large Traffic Sign SB48 188321 SB Pile N/A 2 1 x 2 6 Bored 450 9.0
Large Traffic Sign SB50 188180 SB Pile N/A 2 1 x 2 4 Bored 450 9.0
Large Traffic Sign SB54 187712 SB Pile N/A 2 1 x 2 4 Bored 450 5.0
Large Traffic Sign SB55 187518 SB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign SB56 187418 SB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign SB62 187230 SB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign SB69 186605 SB Pile N/A 2 1 x 2 4 Bored 450 5.0
Large Traffic Sign SB72 186183 SB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign SB76 185597 SB Pile N/A 1 N/A 2 Bored 450 3.0
Large Traffic Sign SB84 184220 SB Pad 2.6 x 2.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign SB86 183963 SB N/A N/A N/A N/A N/A N/A
Large Traffic Sign SB89 183565 SB Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign SB92 183436 SB Pile N/A 1 N/A 2 Bored 450 5.0
Large Traffic Sign SB96 182544 SB Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Large Traffic Sign SB98 196220 SB Pile N/A N/A N/A 2 Bored 450 7.0

Slip Road Sign NBS04 0 + 245 23a Entry Slip Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Slip Road Sign NBS05 0 + 245 23a Entry Slip Pile N/A 1 N/A 2 Bored 450 5.0
Slip Road Sign NBS07 0 +160 24 Entry Slip Pad 2.6 x 2.0 x 2.0 N/A N/A N/A N/A N/A N/A
Slip Road Sign NBS12 0 + 220 24a Entry Slip Pile N/A 1 N/A 2 Bored 450 7.0
Slip Road Sign SBS04 0 + 60 25 Entry Slip Pile N/A 1 N/A 2 Bored 450 5.0
Slip Road Sign SBS07 0 + 310 24a Exit Slip Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS08 0 + 308 24a Exit Slip Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS11 0 + 103 24 Exit Slip Pad 2.6 x 2.0 x 2.0 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS12 0 + 30 24a Entry Slip Pad 2.6 x 2.0 x 2.0 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS18 0 + 360 23a Exit Slip Pad 2.6 x 3.0 x 2.0 N/A N/A N/A N/A N/A N/A

Ghost Island Sign TS1 183485 NB Pile N/A 2 1 x 2 8 Bored 450 5.0
Ghost Island Sign TS2 183890 NB Pile N/A 2 1 x 2 8 Bored 450 5.0
Ghost Island Sign TS3 184146 SB Pile N/A 2 1 x 2 6 Bored 450 3.0
Ghost Island Sign TS4 183748 SB Pile N/A 2 1 x 2 6 Bored 450 3.0

Notes
This schedule should be read in conjuntion with the Series 1700 Specifications and drawings

Jerol Pad Foundation

Jerol Pad Foundation



Asset SMP
Reference Chainage Carriageway

Planted
Option

Possible

Minimum
Planted
Depth

(m)

Alternative
Pad or Pile

Pad Size
(w x l x d)

(m)

No of Piles
Required per
Sign Post Leg

Pile Group
Layout

(Width x
Length)

Total No
of Piles

Required

Pile
Type

Pile Diameter
(mm)

Pile
Length

(m)

Single Post Sign NB01 181808 NB No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Single Post Sign NB02 181970 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB05 182460 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB06 182948 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB08 183445 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB09 183654 NB N/A N/A N/A N/A N/A N/A
Single Post Sign NB10 183750 NB No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Single Post Sign NB12 183945 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB14 183995 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB15 184335 NB No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Single Post Sign NB16 184095 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB17 184455 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB18 184195 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB20 184970 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB22 185227 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB23 185243 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB23A 185243 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB24 185255 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB25 185500 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB27 185595 NB No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Single Post Sign NB28 186112 NB No N/A Pile N/A 1 N/A 1 Bored 450 7.0
Single Post Sign NB29 186154 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB33 186675 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB34 186693 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB35 186693 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB36 186703 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB39 187120 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB40 187500 NB No N/A Pile N/A 1 N/A 1 Bored 450 7.0
Single Post Sign NB43 187598 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB44 188167 NB No N/A Pile N/A 1 N/A 1 Bored 450 7.0
Single Post Sign NB45 188089 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB47 188793 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB48 189013 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB48A 189013 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB49 189024 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB51 188977 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB52 189250 NB No N/A Pile N/A 1 N/A 1 Bored 450 7.0
Single Post Sign NB53 189492 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB55 189976 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB56 190063 NB No N/A Pile N/A 1 N/A 1 Bored 450 7.0
Single Post Sign NB57 190449 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB59 190845 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB60 190866 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB61 190866 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB62 190872 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB63 190947 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB65 191476 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB66 191850 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB68 192240 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB69 192635 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB71 192725 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB72 192731 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB73 192811 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB77 193171 NB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign NB78 193300 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign NB80 193547 NB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB07 193535 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB08 193450 SB No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Single Post Sign SB09 192798 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB10 192684 SB No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Single Post Sign SB13 192250 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB15 191944 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB17 191902 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB18 191902 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB19 191887 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB22 191550 SB No N/A Pile N/A 1 N/A 1 Bored 450 7.0
Single Post Sign SB24 191347 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB25 191140 SB No N/A Pile N/A 1 N/A 1 Bored 450 7.0
Single Post Sign SB26 191040 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB29 190550 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB30 190532 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB31 190532 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB32 190514 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB34 189873 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB35 189570 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB36 189540 SB No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Single Post Sign SB38 189275 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB39 188971 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB41 188728 SB No N/A Pile N/A 1 N/A 1 Bored 450 7.0
Single Post Sign SB44 188474 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB45 188454 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB46 188454 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB47 188434 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB49 188192 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB53 187783 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB57 187383 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB58 187280 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB59 187310 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB60 187188 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB63 186746 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB64 186730 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB65 186650 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB66 186570 SB Yes 0.6 Pad 1.0 x 1.2 x 1.0 N/A N/A N/A N/A N/A N/A
Single Post Sign SB68 186463 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB73 186095 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB75 186450 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB79 184974 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB83 184450 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB85 184202 SB N/A N/A N/A N/A N/A N/A
Single Post Sign SB87 183945 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB91 183456 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB95 182945 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Single Post Sign SB97 185820 SB Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Slip Road Sign NBS01 0 + 62.5 23a Entry Slip No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Slip Road Sign NBS06 0 + 120 24 Entry Slip No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Slip Road Sign NBS09 0 + 192 24a Entry Slip No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS03 0 - 8 25 Entry Slip No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS09 0 + 180 24a Exit Slip Yes 1.0 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS10 0 24a Entry Slip No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS17 0 - 23 24 Entry Slip No N/A Pad 2.0 x 3.2 x 1.5 N/A N/A N/A N/A N/A N/A
Slip Road Sign SBS20 0 + 230 24a Exit Slip Yes 0.8 Pad 1.2 x 2.0 x 1.2 N/A N/A N/A N/A N/A N/A

Notes
This schedule should be read in conjuntion with the Series 1700 Specifications and drawings

NAL socket foundation to be used

NAL socket foundation to be used
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Document Reference HA549342-AMAR-HGT-SWI-RP-CE-000003 I Rev P02 5

1. Introduction
This report relates to the Smart Motorway scheme on the M1 motorway between Junctions 23a (East
Midlands Airport) and 25 (A52 Nottingham).

The M1 in the East Midlands is a key strategic route that carries high volumes of heavy goods and other
vehicles between the conurbations in Leicestershire, Nottinghamshire, Derbyshire and beyond to South and
West Yorkshire, with key links to the West Midlands and the South.

The proposed SMP scheme for M1 Junctions 23a to 25 includes the following elements:

 Smart Motorway infrastructure to enable hard shoulder running;
 Emergency Refuge Areas (ERAs);
 Lane specific signals and gateway gantries;
 Rigid concrete barrier in central reserve;
 Lighting;
 Pavement and drainage renewals;
 Environmental barrier;
 Cross Carriageway Ducts (CCDs);
 Tie-in to development of the proposed strategic rail freight terminal between Junctions 24 and 24a.

Where verge widening is located on an embankment or in a cutting, earthworks and/or retaining structures
will be needed.

The Amey Arup Joint Venture (AMAR) Geotechnical Design Report (GDR) [Ref 1] describes the philosophy
behind the geotechnical design solutions for structure foundations, earthworks and retaining structures for
the Smart Motorway works. Stand-alone Geotechnical Summary Sheets were produced that outline the
ground model, material parameters and geotechnical design at the specific location of major geotechnical
solutions; these are appended to the GDR [Ref 1].

This Strengthened Earthwork Appraisal Form (SEAF) looks at the design philosophy for gabion retaining
walls and has been produced by AMAR in accordance with the requirements of HD22/08 [Ref 2] as a Design
Fix 5 deliverable. A revised SEAF will be issued to incorporate any major design changes during the
construction phases. Minor changes shall be incorporated in a Geotechnical Feedback Report (GFR).

The following geotechnical reports have been produced for this scheme:

 AMAR, ‘M1 J23a - J25, Statement of Intent (SoI), Report Ref. HA549342-AAJV-HGT-SWI-RP-CE-
000001, HAGDMS Ref. 28704’, October 2015 [Ref 3];

 AMAR, ‘M1 Junction 23a to 25, Ground Investigation Report (GIR), Report Ref. HA549342-AAJV-HGT-
SWI-RP-CE-000002, HAGDMS Ref. 28929, February 2016’ [Ref 4];

 AMAR, ‘M1 Junction 23a to 25, Geotechnical Design Report, Report Ref. HA549342-AAJV-HGT-SWI-
RP-CE-000003, HAGDMS Ref. 29152’, June 2017 [Ref 1].
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2. Scheme Details
2.1. Name of Scheme
Smart Motorways Programme M1 J23a to 25.

2.2. Type of highway
The M1 from Junction 23a to Junction 25 is a 16km stretch of three lane motorway.

2.3. Permitted Traffic Speed
70mph (48kph).

2.4. Nature of Scheme / Scheme Element
Earthworks modification to incorporate road widening and installation of new Smart Motorways elements
summarised in Section 1 of this report.
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3. Strengthened Earthwork Type,
Purpose and Location

3.1. Generic Type of Strengthened Earthwork
The gabion retaining wall will be designed as a gravity wall.

The height will vary between approximately 1.05m and 1.50m.

The front face of the wall will slope backwards at an angle of 6°.

The wall will have a stepped rear face construction.

Further details of the formation of the gabion retaining wall are shown in the Standard Detail Drawing No.
HA549342-AMAR-HGT-SWI-DR-CE-000602, which is appended to this SEAF.

3.2. Purpose of Strengthened Earthwork
The purpose of using strengthened earthworks is to accommodate verge widening required to incorporate
the installation of Smart Motorways elements.

3.3. Intended Location(s) for Use
The scheme comprises a section of the M1 Motorway between Junctions 23a and 25. The Ordnance Survey
Grid Co-ordinates for the Site are approximately:

 Junction 23a: E: 446900, N: 324770;
 Junction 24: E: 447530, N: 327620;
 Junction 24a: E: 447250, N: 328900;
 Junction 25: E: 447190, N: 335610.

Cutting slopes at the proposed gabion locations, as shown in the LiDAR survey information, have a range of
approximate slope gradients of 22° to 27° and approximate maximum heights of 3.6m to 7.5m, comprising
weathered bedrock (Mercia Mudstone – III/IV) or Embankment Fill (reworked Mercia Mudstone).

The lengths of retaining wall range from 28m to 177m.

Table 3-1 provides a summary of the approximate locations of all currently proposed gabion walls.

Table 3-1 – Gabion Wall Locations

Chainage NB/SB Start Finish Length of Wall (m)

182800-182880 NB E 446999, N 325259 E 447024, N 325335 80
183701-183789 NB E 447265, N 326121 E 447290, N 326200 77
183996-184024 NB E 447355, N 326401 E 447363, N 326426 28
192971-193020 NB E 447140, N 335014 E 447145, N 335059 49
193251-193321 NB E 447167, N 335286 E 447170, N 335355 70
193350-193475 NB E 447171, N 335384 E 447171, N 335392 125
193320-193497 SB E 447212, N 335358 E 447214, N 335531 177
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Table 3-2 provides a schedule of all currently proposed gabion retaining walls.

Table 3-2 – Schedule of Gabion Walls

Chainage NB/SB Earthwork Type Maximum
Earthwork Height
(m)

Maximum Retained
Height (m)

Length of Wall
(m)

182800-182880 NB Cutting 5.0 1.05 80
183701-183788 NB Cutting 5.0 1.10 77
183996-184024 NB Cutting 3.6 1.10 28
192971-193020 NB Cutting 7.5 1.49 49
193251-193321 NB Cutting 6.4 1.05 70
193350-193475 NB Cutting 7.0 1.50 125
193320-193497 SB Cutting 5.8 1.10 177
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4. Outline of Existing Ground and
Groundwater Conditions

4.1. Ground Investigation Data
Historical Ground Investigations (GIs) relevant to the scheme extents were outlined in Section 3.1 and
Appendix B of the AMAR SoI [Ref 3] and in Section 2.7 of the AMAR GIR [Ref 4]. The findings from these
GIs were reviewed as part of Section 4 and 5 of the AMAR GIR [Ref 4].

4.2. Existing Ground Conditions
Details of the existing ground conditions for the scheme extents are presented in Sections 4 and 5 of the
AMAR GIR [Ref 4].

Location-specific GI data from historical GI data for each gabion wall location was assessed and presented
in the form of Geotechnical Summary Sheets, which are included as Appendix A of the AMAR GDR [Ref 1]:

4.3. Existing Groundwater Conditions
Details of the existing groundwater conditions for the scheme extents are presented in Section 5.5 of the
AMAR GIR [Ref 4].

Ground water level is assumed at 1.0m below toe of cutting.

For global stability analyses, each stratum was modelled with a Ru value of 0.2.Soil and Groundwater
Chemistry

Details of the soil and groundwater chemistry for each stratum within the scheme extents are presented in
Section 5 of the AMAR GIR [Ref 4].

4.4. Existing Geotechnical Problems and Risks
Geotechnical and geo-environmental risk assessments of the proposed scheme were undertaken in
accordance with HD22/08 [Ref 2] and HD41/15 [Ref 5]. The Geotechnical Risk Register is included as
Section 11 of the AMAR GDR [Ref 1].
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5. Proposed Strengthened Earthwork
5.1. Description of Strengthened Earthwork
It is proposed to construct gabion walls at the 7 No. locations shown in Tables 3-1 and 3-2 of this SEAF.

The proposed gabion walls comprise inclined gabion baskets tilted at 6°, to be constructed parallel to the
motorway.

In accordance with Table A.1 of the Interim Advice Note 124/11 – Annex A [Ref 6], the design working life of
the retaining structure (Design Working Life Category 5) will be ≥120 years.

The standard details for the gabion walls are recorded on the Standard Detail Drawing No. HA549342-
AMAR-HGT-SWI-DR-CE-000602 which is appended to this SEAF.

The locations of the gabion baskets are included in the Earthwork General Arrangement Drawing Sequence
HA549342-AMAR-HGT-SWI-DR-CE-000603 to HA549342-AMAR-HGT-SWI-DR-CE-000616, which is
appended to this SEAF.

The maximum retained heights and lengths of gabion walls are included in Table 3-2 of this SEAF.

Details of the construction methodology are included in the AMAR Series 600 Specification [Ref 7] for this
scheme.

5.2. Foundation Preparation, including any Measures to deal
with Geotechnical Problems

The gabion walls will be founded within the weathered bedrock (Mercia Mudstone – III/IV).

A minimum embedment depth of 0.5m below carriageway level will be used to incorporate the gabion basket
foundation.

Standard benching detail, as shown in Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000602, which is
appended to this SEAF, is to be applied in accordance with the AMAR Series 600 Specification [Ref 7] for
this scheme. Where a deviation from the standard benching details is necessary to ensure global stability,
this has been highlighted in the relevant Geotechnical Summary Sheet, included as Appendix A to the AMAR
GDR [Ref 1].

5.3. Materials to be used in Construction
The proposed layouts of the materials to be used in construction are recorded on the Standard Detail
Drawing No. HA549342-AMAR-HGT-SWI-DR-CE-000602 which is appended to this SEAF.

Existing materials behind the gabion wall are to be excavated and replaced with 6N granular fill in
accordance with the AMAR Series 600 Specification [Ref 7] for this scheme.

Details of the gabion wire mesh, fill, etc. are provided in the AMAR Series 600 Specification [Ref 7] for this
scheme.

5.4. Drainage Measures
Retaining walls have been designed to allow the incorporation of drainage assets within the scheme.
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5.5. Arrangements for Highway Furniture and Buried Services
and Landscaping

Any existing underground services, including drainage, will need to be diverted.

5.6. Inspection and Maintenance
Future maintenance inspections, in accordance with BD 63/07 [Ref 8] and HD 41/15 [Ref 5] will be required.

Hard shoulder closure may be necessary for such inspections.

Routine inspection of the finished structures can be made on foot from the crest and the ‘toe’ of the structure.

5.7. Interface with Structures
The interface of the gabion walls with earthworks, retaining walls and any other structures are to be finalised
as part of an assessment of interface between all earthwork widening solutions to be undertaken during site
mobilisation; during which time verification surveys are scheduled to be undertaken.
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6. Design Methods
6.1. Internal Stability
The methods used for design checks included the limit equilibrium approach in accordance with the NA to
BS EN 1997-1:2004+A1:2013 [Ref 9].

Internal check analyses for sliding and overturning, for each gabion layer, were completed using GawacWin
software [Ref 10].

Any potential passive resistance at the front of the wall was not taken into consideration during the analyses
for a conservative approach.

6.2. External / Global Stability
Global stability analysis of the gabion retaining wall was undertaken using SLOPE/W software [Ref 11] in
accordance with the NA to BS EN 1997-1:2004+A1:2013 [Ref 9].
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7. Design/Assessment Criteria
7.1. List of Relevant Documents
List of Relevant Documents:

 BRE Construction Division, ‘BRE Special Digest 1:2005, Concrete in aggressive ground’, 2005 [Ref
12];

 British Standards Institute, ‘BS 6031:2009, Code of Practice for Earthworks’, 2009 [Ref 13];
 British Standards Institute, ‘BS 8002:2015, Code of Practice for Earth Retaining Structures’, 2015

[Ref 14];
 British Standards Institute, ‘BS EN 1990:2002+A1:2005, Eurocode – Basis of Structural Design’,

2010 [Ref 15];
 British Standards Institution, ‘BS EN 1997-1:2004+A1:2013, Eurocode 7, Geotechnical design,

General rules’, 2013 [Ref 16];
 British Standards Institution, ‘NA to BS EN 1990:2002+A1:2005, Eurocode – Basis of structural

design’, 2004 [Ref 17];
 British Standards Institution, ‘NA+A1:2014 to BS EN 1997-1:2004+A1:2013, UK National Annex to

Eurocode 7: Geotechnical Design, Part 1 – General Rules’, 2007 [Ref 9];
 CIRIA, ‘CIRIA C143, The standard penetration test (SPT): methods and use’, 1995 [Ref 18];
 CIRIA, ‘CIRIA C570, Engineering in Mercia Mudstone’, 2001 [Ref 19];
 CIRIA, ‘CIRIA C580, Embedded retaining walls – guidance for economic design’, 2003 [Ref 20];
 CIRIA & DETR Environment Transport Regions, ‘CIRIA C516, Modular gravity retaining walls –

design guidance’, 2000 [Ref 21];
 The Highways Agency, ‘Design Manual for Roads and Bridges, Volume 1 (Highways Structures:

Approval Procedures and General Design) Section 3 (General Design) Part 14, BD 37/01, (Loads
For Highway Bridges)’, 2001 [Ref 22];

 The Highways Agency, ‘Design Manual for Roads and Bridges, Volume 3 Highways Structures:
Inspection and Maintenance, Section 1 Inspection, Part 4, BD 63/07, Inspection of Highway
Structures’, 2007 [Ref 8];

 The Highways Agency, ‘Design Manual for Roads and Bridges, Volume 4 Geotechnics and
Drainage, Section 1 Earthworks, Part 2, HD 22/08, Managing Geotechnical Risk’, 2008 [Ref 2];

 The Highways Agency, ‘Interim Advice Note 124/11, Use of Eurocodes for the design of highway
structures’, 2011 [Ref 6];

 Highways England, ‘IAN 161/15 – Smart Motorways’, 2015 [Ref 23].

7.2. Limit State Design Criteria
Analysis of the gabion wall was undertaken using Gawacwin [Ref 10] and SLOPE/W [Ref 11] software with
active and passive earth pressures in accordance with NA+A1:2014 to BS EN 1997-1:2004+A1:2013 [Ref 9].
The analyses used Design Approach 1, which looked at failure in the soil and in the structure using two sets
of partial factors.

7.3. Serviceability Design Criteria
No serviceability limits have been applied during the design; compliance with limit state design requirements
should ensure adequate serviceability.

No allowance for total/differential settlement of the gabion retaining walls along their length has been made,
as this form of construction is considered sufficiently flexible to cater for differential settlement that may
occur.

7.4. Design Parameters for Soils and Materials
Geotechnical design parameters for soils and materials are outlined for each gabion wall location in the
Geotechnical Summary Sheets appended to the AMAR GDR [Ref 1].
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The following assumptions have been made for the gabion basket:

 Unit weight of gabion basket = 24kN/m3 (for rock fill);
 Porosity = 33% (therefore modelled with a unit weight of 18kN/m3).

The following assumptions have been made for the granular material (Class 6N) to be used as backfill
behind the gabions and as a founding layer:

 Unit weight = 20kN/m3;
 Angle of shearing resistance ϕ’ = 36°.

7.5. Design Groundwater Conditions
For internal stability analyses, groundwater level was assumed to be 1.0m below cutting toe.

For global stability analyses, each stratum was modelled with a Ru value of 0.2.

7.6. Live Loadings
Loads were modelled as shown in with Section 2.2.4 and 3.4 of the AMAR GDR [Ref 1].

7.7. Description / Diagram of Idealised Soil Structure Model to
be used in Analysis

A gabion retaining wall is reliant on the gravitational resistance developed by the gabion fill to support the
retained material.

For equilibrium the disturbing moment must be balanced with the restoring moment caused by the gabion
wall.

An idealised diagram of the gabion wall to illustrate the design method and associated main design
assumptions shown in Figure 7-1 below:

Figure 7-1 Gabion Wall Detail

7.8. Precautions against Chemical Attack to Materials
None.

7.9. Proposed Departures from Design Standards
None.
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8. Checking
8.1. General
In accordance with HD 22/08 (Appendix E) [Ref 2] the design should be checked by a Geotechnical
Engineer who is independent of the design team.
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9. Drawings and Documents
9.1. List of Drawings and Documents Accompanying

Submission

Appendix A Soils Information

Refer to the below Geotechnical Summary Sheets for the relevant gabion wall locations, of
which are appended to the AMAR GDR:

 HA549342-AMAR-HGT-182800-182890NB-GSS-CE-000001;
 HA549342-AMAR-HGT-183620-183780NB-GSS-CE-000001;
 HA549342-AMAR-HGT-184000-184450NB-GSS-CE-000001;
 HA549342-AMAR-HGT-193200-193420NB-GSS-CE-000001;
 HA549342-AMAR-HGT-193430-193480NB-GSS-CE-000001;
 HA549342-AMAR-HGT-193300-193490SB-GSS-CE-000001.

Appendix B Relevant Correspondence, Documents and Certificates from Consultation with
Relevant Authorities

None.

Appendix C Drawings and Documents

The below drawings are appended to this SEAF:

 Drawing No. HA549342-AMAR-HGT-MLC-DR-CE-000602, Rev P02, Typical Retaining
Solutions – Gabion Wall;

 Drawing Sequence HA549342-AMAR-HGT-MLC-DR-CE000603 to HA549342-AMAR-
HGT-MLC-DR-CE000616, Rev P03, Gabion Wall Earthworks Design Solutions
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11. THE ABOVE DESIGN AND
CONSTRUCTION PROPOSALS ARE
SUBMITTED FOR REVIEW.

Signed:

Geotechnical Team
Leader, Design Team

Name:

Engineering Qualifications:

Date:

On Behalf of

Geotechnical Certificate
Ref No.

*Signed:

*Contractor (Agent or
Contracts Director)

*Name:

*Date:

*on behalf of

* delete as appropriate
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12. The Above SEAF Is
i: received*

ii: received with comments as follows*

iii: return marked “comments” as follows*

* delete as appropriate.

Signed:

Overseeing Organisation’s
Geotechnical Advisor

Name:

Date:
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Appendix A. Soils Information
Refer to the below Geotechnical Summary Sheets for the relevant gabion wall locations, of which are
appended to the AMAR GDR:

 HA549342-AMAR-HGT-182800-182890NB-GSS-CE-000001;
 HA549342-AMAR-HGT-183620-183780NB-GSS-CE-000001;
 HA549342-AMAR-HGT-184000-184450NB-GSS-CE-000001;
 HA549342-AMAR-HGT-193200-193420NB-GSS-CE-000001;
 HA549342-AMAR-HGT-193430-193480NB-GSS-CE-000001;
 HA549342-AMAR-HGT-193300-193490SB-GSS-CE-000001.
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Appendix B. Relevant Correspondence,
Documents and Certificates from
Consultation with Relevant
Authorities

None.
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Appendix C. Drawings and Documents





PLAN VIEW
Scale 1:300 @ A3

Job No

Role

Name

Rev

Project Title

Client

Rev Date By Chkd Appd

Key Plan

Scale at A1

Suitability

Drawing Title

-

HA549342-AMAR-HGT-SWI-DR-CE-000603

P03244508-00

1:150

EARTHWORKS DESIGN SOLUTION
PLAN
CH.182800 TO CH.182880 (NB)
SHEET 01 OF 02

SMP M1 J23a - J25

Colmore Plaza
20 Colmore Circus Queensway
Birmingham B4 6AT
Tel 0121 214 2000

Civil - Earthworks and Geotech

P03 17/04/17 LP --- SV

Issued for Client Sharing

Fit for construction approvalS4

Junction 25

Junction 24a

Junction 24

Junction 23a

N

c Crown copyright and database right to 2015 Ordnance Survey 100030649
2016. You are not permitted to copy, sub-license, distribute or sell any of this
data to third parties in any form.

ELEVATION
Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN
METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN
CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS
ASSUME THAT EXISTING EMBANKMENT
AND CUTTING SLOPES ARE STABLE IN
THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,
WORST CASE SCENARIOS INDICATED IN
SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

PLASTIC SHEET PILE LOCATION

GABION WALL

SECTION LINE

SETTING OUT POINT

A

A

X

GABION WALL SETTING OUT POINTS
GABION WALL DETAILS

BASE OF RETAINED HEIGHT [a] BACK OF GABION [b] BACK OF BATTER [c]

REFERENCE EASTING NORTHING LEVELS (mAOD) EASTING NORTHING LEVELS (mAOD) EASTING NORTHING LEVELS (mAOD) TOTAL RETAINED
HEIGHT (m)

EMBEDMENT DEPTH
(m)

001 446998.90 325259.02 75.72 446998.33 325259.20 76.77 446994.86 325260.26 78.50 1.05 0.45

002 447001.91 325268.56 75.80 447001.34 325268.74 76.85 446997.84 325269.81 78.20 1.05 0.45

003 447004.88 325278.11 75.88 447004.36 325278.27 76.93 447000.84 325279.35 78.70 1.05 0.45

004 447008.87 325287.29 75.96 447008.29 325287.47 77.01 447004.82 325288.52 78.10 1.05 0.45

005 447012.33 325296.66 76.04 447011.76 325296.84 77.09 447008.30 325297.91 78.10 1.05 0.45

006 447015.28 325306.22 76.12 447014.7 325306.40 77.17 447011.23 325307.46 78.10 1.05 0.45

007 447018.27 325315.76 76.20 447017.69 325315.94 77.25 447014.23 325317.01 78.50 1.05 0.45

008 447021.22 325325.31 76.25 447020.65 325315.94 77.30 447017.18 325326.56 78.50 1.05 0.45

009 447024.19 325334.92 76.31 447023.62 325335.10 77.36 447020.15 325336.17 78.50 1.05 0.45

ELEVATION LEGEND

BASE OF RETAINED HEIGHT (FRONT
OF WALL GROUND LEVEL)

TOP OF CUTTING

TOE OF SHEET PILE

PLASTIC CAPPING BEAM

PLASTIC SHEET PILES

GABION WALL

GRANULAR FILL [REFER TO SERIES
600 SPECIFICATION]



BOUNDARY
FENCE

A

B

C



MINIMUM 0.45m
EMBEDDED

0.50m x 0.50m x 0.50m
GABION BASKET

1.00m x 1.00m x 1.00m
GABION BASKET

FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

2.000

MINIMUM 0.5 BENEATH
GABION AS FOUNDATION

0.500

EXCAVATE AND REPLACE WITH
6N/6P GRANULAR FILL IN ACCORDANCE

WITH SERIES 600 SPECIFICATION
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SECTION A-A
182810

Scale 1:100 @ A3

NOTES
1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.
2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS
SOLUTIONS ASSUME THAT EXISTING
EMBANKMENT AND CUTTING SLOPES ARE
STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE
WITH PROJECT VERGE DETAILS.

8. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE
REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

TOPSOIL [MINIMUM 0.1m]

GRANULAR FILL [REFER TO SERIES
600 SPECIFICATION]

GABION BASKET

SETTING OUT POINT
X
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ELEVATION
Scale 1:300 @ A3

GABION WALL SETTING OUT POINTS
GABION WALL DETAILS

BASE OF RETAINED HEIGHT [a] BACK OF GABION [b] BACK OF BATTER [c]

REFERENCE EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) TOTAL RETAINED
HEIGHT (m)

EMBEDMENT DEPTH
(m)

001 447265.00 326121.00 73.13 447264.00 326121.00 74.23 447261.00 326122.00 74.90 1.10 0.40

002 447267.00 326128.00 73.00 447267.00 326129.00 74.10 447263.00 326130.00 74.60 1.10 0.40

003 447270.00 326138.00 72.80 447270.00 326138.00 73.90 447266.00 326139.00 74.40 1.10 0.40

004 447273.00 326148.00 72.70 447273.00 326148.00 73.80 447269.00 326149.00 74.30 1.10 0.40

005 447276.00 326157.00 72.50 447276.00 326157.00 73.60 447272.00 326158.00 74.00 1.10 0.40

006 447279.00 326167.00 72.40 447279.00 326167.00 73.50 447275.00 326168.00 74.00 1.10 0.40

007 447282.00 326176.00 72.20 447282.00 326176.00 73.30 447278.00 326178.00 73.90 1.10 0.40

008 447285.00 326186.00 72.10 447285.00 326186.00 73.20 447281.00 326187.00 73.90 1.10 0.40

009 447288.00 326195.00 71.90 447288.00 326196.00 73.00 447284.00 326197.00 73.90 1.10 0.40

0010 447290.00 326200.00 71.80 447289.00 326200.00 72.90 447285.00 326201.00 73.90 1.10 0.40

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS
ARE IN METRES (m) UNLESS OTHERWISE
STATED.

2. THESE DRAWINGS ARE TO BE READ IN
CONJUNCTION WITH DRAWING SERIES
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS
ASSUME THAT EXISTING EMBANKMENT
AND CUTTING SLOPES ARE STABLE IN
THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,
WORST CASE SCENARIOS INDICATED IN
SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

GABION LOCATION

SETTING OUT POINTS

SECTION LINE
A

A

X

ELEVATION LEGEND

BASE OF RETAINED HEIGHT (FRONT
OF WALL GROUND LEVEL)

TOP OF CUTTING

GABION BASKET

GRANULAR FILL [REFER SERIES 600
SPECIFICATION]
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C

1.00m x 1.00m x 1.00m
GABION BASKET

EXCAVATE AND REPLACE WITH
6N/6P GRANULAR FILL IN ACCORDANCE

WITH SERIES 600 SPECIFICATION

0.500

0.500

2.000

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS



0.50m x 0.50m x 0.50m
GABION BASKET

FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS
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GABION AS FOUNDATION

MINIMUM 0.45m
EMBEDDED
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SECTION A-A
CH.183780
Scale 1:100 @ A3

NOTES
1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.
2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS
SOLUTIONS ASSUME THAT EXISTING
EMBANKMENT AND CUTTING SLOPES ARE
STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE
WITH PROJECT VERGE DETAILS.

8. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE
REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

TOPSOIL [MINIMUM 0.1m]

GRANULAR FILL [REFER TO SERIES
600 SPECIFICATION]

GABION BASKET

SETTING OUT POINT
X
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SECTION
Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS
ARE IN METRES (m) UNLESS OTHERWISE
STATED.

2. THESE DRAWINGS ARE TO BE READ IN
CONJUNCTION WITH DRAWING SERIES
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS
ASSUME THAT EXISTING EMBANKMENT
AND CUTTING SLOPES ARE STABLE IN
THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,
WORST CASE SCENARIOS INDICATED IN
SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

GABION LOCATION

SETTING OUT POINTS

SECTION LINE
A

A

X

GABION WALL SETTING OUT POINTS
GABION WALL DETAILS

BASE OF RETAINED HEIGHT [a] BACK OF GABION [b] BACK OF BATTER [c]

REFERENCE EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) TOTAL RETAINED
HEIGHT (m)

EMBEDMENT DEPTH
(m)

001 447355.28 326401.08 67.95 447354.70 326401.26 69.05 447349.12 326402.98 70.90 1.10 0.40

002 447358.23 326410.63 67.70 447357.65 326410.81 68.80 447352.48 326412.42 70.70 1.10 0.40

003 447361.18 326420.19 67.55 447360.61 326420.36 68.65 447356.99 326421.48 70.50 1.10 0.40

004 447363.49 326425.88 67.45 447362.82 326426.09 68.55 447360.11 326426.93 70.40 1.10 0.40

ELEVATION LEGEND

BASE OF RETAINED HEIGHT (FRONT
OF WALL GROUND LEVEL)

TOP OF CUTTING

GABION BASKET

GRANULAR FILL [REFER SERIES 600
SPECIFICATION]



B

C

1.00m x 1.00m x 1.00m
GABION BASKET

EXCAVATE AND REPLACE WITH
6N/6P GRANULAR FILL IN ACCORDANCE

WITH SERIES 600 SPECIFICATION

0.500

0.500

2.000

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS



0.50m x 0.50m x 0.50m
GABION BASKET

FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS
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GABION AS FOUNDATION
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SECTION A-A
CH. 184020
Scale 1:100 @ A3

NOTES
1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.
2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS
SOLUTIONS ASSUME THAT EXISTING
EMBANKMENT AND CUTTING SLOPES ARE
STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE
WITH PROJECT VERGE DETAILS.

8. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE
REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

TOPSOIL [MINIMUM 0.1m]

GRANULAR FILL [REFER TO SERIES
600 SPECIFICATION]

GABION BASKET

SETTING OUT POINT
X
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c Crown copyright and database right to 2015 Ordnance Survey 100030649
2016. You are not permitted to copy, sub-license, distribute or sell any of this
data to third parties in any form.

SECTION
Scale 1:300 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS
ARE IN METRES (m) UNLESS OTHERWISE
STATED.

2. THESE DRAWINGS ARE TO BE READ IN
CONJUNCTION WITH DRAWING SERIES
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS
ASSUME THAT EXISTING EMBANKMENT
AND CUTTING SLOPES ARE STABLE IN
THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,
WORST CASE SCENARIOS INDICATED IN
SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

GABION LOCATION

SETTING OUT POINTS

SECTION LINE
A

A

X

GABION WALL SETTING OUT POINTS
GABION WALL DETAILS

BASE OF RETAINED HEIGHT [a] BACK OF GABION [b] BACK OF BATTER [c]

REFERENCE EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) TOTAL RETAINED
HEIGHT (m)

EMBEDMENT DEPTH
(m)

001 447140.31 335014.34 45.20 447139.31 335014.45 46.69 447136.11 335014.83 47.70 1.49 0.45

002 447141 335020.61 45.20 447140.01 335020.73 46.69 447136.83 335021.09 47.70 1.49 0.45

003 447141.94 335030.56 45.10 447140.95 447140.95 46.59 447137.77 335031.06 47.60 1.49 0.45

004 447142.84 335040.53 45.10 447141.84 335040.64 46.59 447138.64 335041.02 47.60 1.49 0.45

005 447143.68 335050.49 45.10 447142.69 335050.61 46.59 447139.51 335050.98 47.50 1.49 0.45

006 447144.92 335059.43 45 447143.93 335059.54 46.49 447140.75 335059.92 47.50 1.49 0.45

ELEVATION LEGEND

BASE OF RETAINED HEIGHT (FRONT
OF WALL GROUND LEVEL)

TOP OF CUTTING

GABION BASKET

GRANULAR FILL [REFER SERIES 600
SPECIFICATION]



B

C

1.00m x 1.00m x 1.00m
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EXCAVATE AND REPLACE WITH
6N/6P GRANULAR FILL IN ACCORDANCE

WITH SERIES 600 SPECIFICATION
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SEE SERIES 200 DRAWINGS
FOR VERGE DETAILS
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FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS
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SECTION A-A
CH. 193010
Scale 1:100 @ A3

NOTES
1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.
2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS
SOLUTIONS ASSUME THAT EXISTING
EMBANKMENT AND CUTTING SLOPES ARE
STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE
WITH PROJECT VERGE DETAILS.

8. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE
REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

TOPSOIL [MINIMUM 0.1m]

GRANULAR FILL [REFER TO SERIES
600 SPECIFICATION]

GABION BASKET

SETTING OUT POINT
X
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ELEVATION
Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN
METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN
CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS
ASSUME THAT EXISTING EMBANKMENT
AND CUTTING SLOPES ARE STABLE IN
THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,
WORST CASE SCENARIOS INDICATED IN
SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

SHEET PILE LOCATION

GABION WALL

SECTION LINE

SETTING OUT POINT

A

A

X

GABION WALL SETTING OUT POINTS
GABION WALL DETAILS

BASE OF RETAINED HEIGHT [a] BACK OF GABION [b] BACK OF BATTER [c]

REFERENCE EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) TOTAL RETAINED
HEIGHT (m)

EMBEDMENT DEPTH
(m)

01 447166.84 335286.12 46.40 447166.24 335286.16 47.45 447162.25 335286.43 47.90 1.05 0.45

02 447167.43 335296.11 46.50 447166.83 335296.15 47.55 447162.84 335296.42 47.80 1.05 0.45

03 447167.99 335306.09 46.60 447167.39 335306.13 47.65 447163.4 335306.4 48.20 1.05 0.45

04 447168.53 335316.08 46.60 447167.93 335316.12 47.65 447163.94 335316.39 48.50 1.05 0.45

05 447169.05 335326.06 46.70 447168.45 335326.1 47.75 447164.47 335326.37 48.90 1.05 0.45

06 447169.55 335336.07 46.70 447168.95 335336.11 47.75 447164.96 335336.38 49.15 1.05 0.45

07 447169.99 335346.05 46.80 447169.4 335346.09 47.85 447165.31 335346.42 49.20 1.05 0.45

08 447170.37 335355.05 47.00 447169.77 335355.09 48.05 447165.69 335355.41 49.30 1.05 0.45

PLAN VIEW
Scale 1:500 @ A3

SEE SECTION A-A
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ELEVATION
Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN
METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN
CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS
ASSUME THAT EXISTING EMBANKMENT
AND CUTTING SLOPES ARE STABLE IN
THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,
WORST CASE SCENARIOS INDICATED IN
SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

SHEET PILE LOCATION

GABION WALL

SECTION LINE

SETTING OUT POINT

A

A

X

GABION WALL SETTING OUT POINTS
GABION WALL DETAILS

BASE OF RETAINED HEIGHT [a] BACK OF GABION [b] BACK OF BATTER [c]

REFERENCE EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) TOTAL RETAINED
HEIGHT (m)

EMBEDMENT DEPTH
(m)

9 447171.05 335384.45 47.20 447170.55 335384.46 48.25 447165.85 335384.67 49.90 1.05 0.45

10 447171.29 335391.50 47.20 447170.75 335391.52 48.25 447166.09 335391.72 49.90 1.05 0.45

11 447171.49 335401.53 47.20 447171.09 335401.52 48.25 447166.29 335401.72 49.90 1.05 0.45

12 447171.90 335411.51 47.30 447171.39 335411.50 48.35 447166.71 335411.71 50.00 1.05 0.45

13 447172.17 335421.49 47.30 447171.67 335421.50 48.35 447166.98 335421.71 50.10 1.05 0.45

14 447172.43 335431.48 47.40 447171.92 335431.49 48.45 447167.23 335431.71 50.20 1.05 0.45

15 447172.66 335441.48 47.50 447172.15 335441.50 48.55 447167.45 335441.70 50.30 1.05 0.45

16 447172.86 335451.48 47.60 447172.36 335451.48 48.65 447167.66 335451.70 50.40 1.05 0.45

17 447173.04 335461.48 47.70 447172.44 335461.52 49.20 447166.55 335461.75 50.90 1.50 0.45

18 447173.20 335471.48 47.80 447172.60 335471.52 49.30 447166.71 335471.75 51.00 1.50 0.45

19 447173.34 335481.47 48.00 447172.74 335481.51 49.50 447166.84 335481.75 51.20 1.50 0.45

20 447173.45 335491.47 48.10 447172.45 335491.50 49.60 447166.95 335491.75 51.30 1.50 0.45

21 447173.54 335501.47 48.20 447172.54 335501.05 49.70 447167.04 335501.75 51.40 1.50 0.45

22 447171.32 335392.4 48.30 447172.64 335509.45 49.80 447167.1 335509.81 51.50 1.50 0.45

SEE SECTION A-A SEE SECTION B-B
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A

B

C



MINIMUM 0.45m
EMBEDDED

1.00m x 1.00m x 1.00m
GABION BASKET

2.00m x 1.00m x 1.00m
GABION BASKET

EXCAVATE AND REPLACE WITH
6N/6P GRANULAR FILL IN ACCORDANCE

WITH SERIES 600 SPECIFICATION

0.500

FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

3.250

MINIMUM 0.5 BENEATH
GABION AS FOUNDATION

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS

0.500

A

B

C



MINIMUM 0.45m
EMBEDDED

0.50m x 0.50m x 0.50m
GABION BASKET

1.00m x 1.00m x 1.00m
GABION BASKET

EXCAVATE AND REPLACE WITH
6N/6P GRANULAR FILL IN ACCORDANCE

WITH SERIES 600 SPECIFICATION

0.500

0.500

FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS

2.500

MINIMUM 0.5 BENEATH
GABION AS FOUNDATION

SEE SERIES 200 DRAWINGS FOR VERGE DETAILS
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SECTION B-B
CH. 193440
Scale 1:100 @ A3

NOTES
1. ALL DIMENSIONS AND MEASUREMENTS IN

METRES (m) UNLESS OTHERWISE STATED.
2. THESE DRAWINGS ARE TO BE READ IN

CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS
SOLUTIONS ASSUME THAT EXISTING
EMBANKMENT AND CUTTING SLOPES ARE
STABLE IN THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERGE SURFACE TO BE IN ACCORDANCE
WITH PROJECT VERGE DETAILS.

8. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

SECTION LEGEND

PROPOSED GROUND PROFILE

EXISTING GROUND PROFILE

EXISTING GROUND PROFILE TO BE
REMOVED

INDICATIVE EXCAVATION PROFILE

GEOTEXTILE SEPARATOR LAYER

TOPSOIL [MINIMUM 0.1m]

GRANULAR FILL [REFER TO SERIES
600 SPECIFICATION]

GABION BASKET

SETTING OUT POINT
X
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ELEVATION
Scale 1:500 @ A3

NOTES

1. ALL DIMENSIONS AND MEASUREMENTS IN
METRES (m) UNLESS OTHERWISE STATED.

2. THESE DRAWINGS ARE TO BE READ IN
CONJUNCTION WITH THE EARTHWORKS
SCHEDULE (REF. DOCUMENT NO.
HA549342-AMAR-HGT-SWI-SH-CE-000001)
AND SERIES 1600 SCHEDULE (REF.
DOCUMENT
NO.HA549342-AMAR-HGT-SWI-SH-CE-000002)

3. THE PROPOSED EARTHWORKS SOLUTIONS
ASSUME THAT EXISTING EMBANKMENT
AND CUTTING SLOPES ARE STABLE IN
THEIR CURRENT CONDITION.

4. FOR DRAINAGE AND SERVICE DUCT
DETAILS REFER TO SERIES 500
SPECIFICATION DRAWINGS.

5. FOR DETAILS OF CARRIAGEWAY
CONSTRUCTION, WIDENING & TIE-IN,
REFER TO SERIES 700 SPECIFICATION
DRAWINGS.

6. ALL NEW SLOPE SURFACES TO BE
TOPSOILED IN ACCORDANCE WITH THE
PROJECT LANDSCAPING SPECIFICATION,
BUT NO THICKER THAN 150MM FOR
SLOPES OF 1(V) :2(H) OR STEEPER, OR
300MM FOR SHALLOWER GRADIENTS.

7. VERTICAL BENCHING NOT TO EXCEED 0.5
IN HEIGHT.

8. EXCAVATION PROFILES WILL VARY,
WORST CASE SCENARIOS INDICATED IN
SECTION A-A.

PLAN LEGEND

HIGHWAYS ENGLAND BOUNDARY

SHEET PILE LOCATION

GABION WALL

SECTION LINE

SETTING OUT POINT

A

A

X

GABION WALL SETTING OUT POINTS
GABION WALL DETAILS

BASE OF RETAINED HEIGHT [a] BACK OF GABION [b] BACK OF BATTER [c]

REFERENCE EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) EASTING NORTHING LEVEL (mAOD) TOTAL RETAINED
HEIGHT (m)

EMBEDMENT DEPTH
(m)

002 447212.81 335357.86 47.80 447213.41 335357.84 48.90 447216.2 335358 50.00 1.10 0.40

003 447212.4 335367.85 47.80 447213 335367.87 48.90 447216.79 335367.7 50.00 1.10 0.40

004 447212.44 335377.85 47.80 447213.04 335377.85 48.90 447216.83 335377.7 50.10 1.10 0.40

005 447212.77 335387.84 47.90 447213.37 335387.82 49.00 447217.17 335387.7 50.40 1.10 0.40

006 447213.1 335397.84 47.90 447213.7 335397.84 49.00 447218.12 335397.69 50.80 1.10 0.40

007 447213.42 335407.83 48.00 447214.02 335407.83 49.10 447219.34 335407.74 51.20 1.10 0.40

008 447213.7 335417.83 48.10 447214.3 335417.83 49.20 447219.92 335417.73 51.60 1.10 0.40

009 447213.95 335427.82 48.20 447214.55 335427.82 49.30 447220.15 335427.73 51.80 1.10 0.40

0010 447214.17 335437.82 48.30 447214.77 335437.82 49.40 447220.37 335437.72 51.80 1.10 0.40

0011 447214.42 335447.82 48.40 447215.02 335447.82 49.50 447220.61 335447.72 52.10 1.10 0.40

0012 447214.58 335457.82 48.50 447215.18 335457.82 49.60 447221.08 335457.72 52.20 1.10 0.40

0013 447214.75 335467.82 48.60 447215.35 335467.82 49.70 447221.33 335467.71 52.30 1.10 0.40
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