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Range of Plasticity Index < 20% 20-50% > 50%

% of Pile Tests 44 27 29

Mean a values 0.52 0.64 0.78

% of tests with Cu/a'< 0.51 17 0 42

Mean set up tine
(weeks)

1.77 4.50 4.64

Division of Pile Tests by Soil Plasticity Index.

Table 2.2

1
A value of Cu/a'

v
 below 0.5 indicates an overconsolidation

ratio below 2.0 for most R
o
 consolidated clays, Ladd et al (1977)
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AFTER GENS (1982)

TABLE 3.1

GENERAL STUDIES CF CLAY BEHAVIOUR 

Clay

-
LL PI Type

TRIAXIAL	 I	 PLANE STRAIN	 SS
.

Reference
IC AC KC	 I	 IC	 I	 AC AC

U D U 0 UIDIU DI	 U 0 UD

CE CE CE CE CEICEICE CE CE CE

2

,.1....__C- 75 12 R
I	 1	 I

r=21-1=Ernr—r-1-12-----
I	 I 1

Guns (1982)

Drammen 57 27 I Andersen et at (1980I....,„
Bad-,

3	 Koolinfte Le 15 Broms ono Ratram (1953)I

L.	 SuckShot r 36	 R Donagrie and Townsend
(1975 .1978)

v	 r I

5	 EAPEIL 79 53 R P	 r I	 r

ilv M	 t6 I rC	 ud sc:1 88 45 T Duncan and	 Seed (1965b)j I FYI

7 I Holvwood 51 28	 r Crooks and Graham ( 1976 )riP	 NI V

6 I Kinnedcr 53.5 .6,1	 I
1

,

hIPPI	 0 r

Spestone
9

K	 'in

.

.	 .

71. 32	 R
1	 I

Balasubrarrianicrn	 (1969112 Irjr	 I	 i

72	 33 I R
I I I	 Hamoly	 (1972)

irrrr	 hdmaly one Ilbscoe (19E9)

72 32 I R eat	 z=i I	 I	 I 11:3...,..rry and	 Ncecroldin	 (1974)

76 37 • R
i

r ;	 E:zt	 I Sketchlev and Bransby (1973)

72 33 I R
I
I	 I	 IOrri Thum:welch	 (1962)

N/A N/AI R
1

!Wroth6	 1 and	 Loudon	 (1967)

10 I rand" kok 118 75 I I rrrri—r— I lasuoramaniarri and
, Chaudrv	 (1976 . i97.5,0,..11976

. 1., I W,.... 41,,,	 .,,,,d, .,,....,,vr.-..,

Bangkok

12 3 32	 I
t I Barzsuaramantam and

IZue	 Mind	 (1980)P	 r	 I	 I	 I	 I	 I

123	 52	 -
I	 I ..volcsubrarnanicim ona

i 1.1cdun	 1-77AM

12 Weald

43	 25 I R Henkel	 (1956 .1959 .1960)iM4r."W

6	 22 I R
I-

Henkel ond Sawa	 (1953)6	 0 i	 I
45	 25	 P

I	 I	 i
wenket and Wede	 (1956)I	 1	 r	 I	 I

43	 25 R -2..6..0.1-!=
IIII

oCrrv (1e=^1I 1	 1	 1	 1



3.1 ( contd )

Clay
U.

TRIAXIAL PLANE STRAIN

Reference
IC	 1	 AC	 1	 KC IC AC

PITypeUIDIU DIU	 D U	 D U D UD

CE;CEICECE CEICE CEICEICECE

13 78 52 RID' Henkel	 ( /956,1959 ,'960)p-
London

.8	 52 R
R '

I
R

Parry 	r /ow 1

Kherc and Krtzek	 (1957 )

Khera and Krizek (1968)

in	 I I
IIp r-'---ir---i—py—L—r---L"--

r

4

54.5,29.5 !	 I
'	 1Grundite 54.5 26.5 r	 n 	 r I	 I _f

54.5 25.5
1

R
I	 I	 I	 I	 I	 1

I	 Perioff and Osterbera (1964)II

15

18

Marine

Kawasaki

25-
L5	 15

381:_v

I
T.	 I

1

Koutsoftcts	 (1981 )El	 I
I

,

Ladd	 (1965) i	 V	 .	 1

17	 Buckshot 39	 I
1 I	 1

r .	 n

18	 Portsmouth 35	 15	 I
.	 ,

Ladd and

Edgers	 (1972 )

V I	 I	 rr
1_	 Portland L4.2011 TI	 I I I	 r

20 Banakok €5L1	 1

I	 1

r	 r	 I	 I	 fit

21 I POIrGolanenic 65	 34	 "'
I

r	 i r1	 I....
22 Atchafcloya 95 75	 1r

I
r	 rr	 yr	 ci

23
Cornecticut
Valley

65
35

39 I y
12 /	 d•

I	 I

Fr	 1	 FT	 Z3

24
Boston
Blue

41 21 Ladd and Varallvav ( 1983 )

41 21 I R 40.4, Ladd	 et at	 (1971)

1 21	 R 1 Ez Lada and Edaers (1972)

25 Kaolinite	 NA NA I R
i I

I
_r 1	 r	 r ' Lee and Morrison (1970)

25 1-11ciains	 38 ' 17 1 R
t

v-I-----r-----1

27
Valley of
Mexico	 366 5 I I

I	 i

Prrri	
1 Leon and Alberro 09'11

28 Hokkaido S.AJ 52 21 I R
i	 1	 I

Et	 I	 ISI	 1	 I1

9 Hokicoiclo 5.8.	 51	 21 1 R
I I	 I	 I	 I Mitachi and Kitago (1976)

I

30 Hokkaido	 72 32 1 R
II I	 I	 I	 i

I I	 tI



TABLE 3.1 ( contd.) 

Cicy
LL PI TyPe

TRIAXIAL PLANE STRAIN 1B.5

Reference
IC	 I	 AC	 Ii 	KC	 IC AC	 I AC

I

C EICEICE

0 IU D

C BIC* EICEICEICE CE CE

31 Sapporo /.9 R
1

Mitacni and Kite=	 (1979)irri—jrrji 	 i .186

86 1.9	 R
I	 I

Mitachl and	 Kitaao	 (1980)i	 I	 I Ir

32	 Koolinite R
I

Murthy et at	 (1961)CI I

M I Silt y	82 1 M R 6
I Calcium

34 I	 Mite	 85	 P Olson	 (19E2)ri I 	 1	 I	 II

35 Sodium
illite

85	 50	 R
1	 1	 I	 1	 I1

Olson	 (1953)I i

85	 50	 R
I

Olson and Hardin	 (1953)...

35 mol cnKtjmmo r.	 200 167	 R
I

Mesri and a son	 (1970)ki	 Pr	 T

r 5"1:01gmmor.
	

110501'.	 R VI	 !
Sianey I	 I

Poulos	 ( /978)

r r -: 115

38	 Kaolin	 SC	 16

11:	P39 Drommen

1

Simons	 (1960 a )I

Lo	 oil°	 •	 39
..

18	 r
1

Simons	 (1960 b)13	 13	 13	 •

41	 Haney Ia. 18 I 1-1—rr'rr----rrrr-- Void and Coma:melte (1974'

1.2	 Glacial 54 27 R
I	 II
rr	 I	 I Wu	 et al	 (1953)

43 I RUchof 91	 11.9 R
1

is . I Yuc:Ihbir	 and

44 it Kanpur 38 18 R
I Vanoclajan	 (1971.)

61- 1	 I

£5 Hine 42 16 1 iIra,	 E .7r, Laccsse	 ( 1979 b)



TABLE 3.1 ( contd.) 

Tests carried out on samples at several OCR's

En Tests carried out at OCR =1

Tests carried out at one OCR value (OCR t 1)

IC	 Isotropically Consolidated Samples

AC	 Anisotropically Consolidated Samples

KC	 K - consolidated samples

U Undrained tests

D Drained tests

C	 Compression tests

E Extension tests

SS Simple shear tests

LL	 Liquid. limit

PI	 Plasticity index

R	 Samples reconstituted in the laboratory

I	 Undisturbed samples

-
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. 1

Total Stress Mod.Cam
Test Laboratory MIT model % error Clay % error
Type Result Prediction Prediction

(all ko consolidated) Cu/a Ivo CU/O0 Cu/evo

Plane Strain Active 0.325 0.365 12% + 0.340. 5% +

Plane Strain Passive 0.250 0.150 40% - 0.340 36% +

Triaxial Compression 0.325 0.325 0 0.295 102 -

Triaxial Extension 0.125 0.125 0 0.295 230% +

Direct Simple Shear 0.200 0.260 30% + 0.340 70% +

(DSS)

Notes

(i) Measured 40 values fell between 40
0
 and 33

0
 for all tests.

(ii) Parameters for mod. Cam-Clay predictions taken from Randolph et al.

(1979). include the assumption that	 n 30
o

.

(iii) Non uniformities in DSS test considered to reduce peak strength by

10%.

Table 3.3	 Undrained strength predictions for Boston Blue Clay.

(After Levadoux and Baligh (1980)).



Radial Distance

from centre

a'/Cu a'0 /Cu a'/Cu Au/Cu

r=r
o

1.5 0.5 1.0 4.5'

r=5r0 2.0 0.5 - 2.4

r=l0r
o

2.2 0.8 - 0.9

initial values 1.6 1.6 3.0

A

Notes

(i) Cu is taken as 3 x a' 	 (see Table 2.4)
vo

(ii) No values are given for	 by the authors for r>ro

Table 3.4 Predictions of streses after expansion of a cylindrical

cavity in Boston Blue Clay using MIT model, OCR = 1.0

(After Levadoux and Baligh (1980))

Radial Distance

from centre

,
a'/Cu a' 0 /Cu a'/Cu Au/Cu Vertical Distance

from Tip.

r=r
o

1.1 0.7 0.9 6.5 0

r=5r0 1.3 1.1 - 2.9 o

r=l0r
o

2.3 1.4 - 0.9 o

r=r
o

0.5 01...1 5 3 3 12.5 r
o

r=5r
o

1.1 1.0 - 2.7 125.	 r
o

r=10T
o

2.0 1.3 - 1.7 12.5 r
o

initial values 1.6 1.6 3.0 - at all points

Table 3.5
	

Predictions of stresses around a cone or pile penetrating

a deep layer of Boston Blue Clay. MIT strain path

solution for OCR = 1.0, with the total stress Model 1.

(After Levadoux and Baligh (1980))

Notes:

(i) Results near tip are taken from solution for 60° cone.



Feature Model Tests Field Tests

Ability to obtain representative
boundary conditions for test.

Severity of cell action effects	 '
for transducers installed in soil

Uniformity of clay layer

Ability to control Cu, OCR

Knowledge of initial stresses,
pore pressures, soil properties

Time scale, costs

Method of Installation

v. difficult

Cbnsiderable

Good

Good

Satisfactory

Generally less

Usually Jacked

Not difficult

Generally less

Generally poor

Generally none

Less satisfactory

Considerable

Usually driven

Table 3.6	 Comparison of Field and Laboratory studies.



Reference Comments

1. Lo and Stermac	 (1965) 3 case histories of measurements in
Ontario.
(1)	 2 Model piles, 14m long, 0.09m

diameter installed in soft clay
(ii)	 Test A piles,	 14m long

installed in silt and varved
clay.

(iii) H pile group,	 14m(?) long
installed in varved and
laminated clay.

2. Apendino et al (1979) Case history in normally consolidated
clay layer, Po Delta.	 Closed end
tubular piles, 0.508m diameter, 42 to
48m long,driven individually and in
large groups.

3. Blanchet et al (1980) Case histories for steel and timber
piles driven into soft sensitive
clays, St Lawrence Valley.	 3 sites
are considered; pile diameters from
0.37 to 0.2m and lengths from 15 to
38 metres.

5. Roy et al (1981) Case history for 6 steel piles jacked
into soft sensitive clay at St. Alban
test site, Quebec.	 Pile diameter
0.219 metres, lengths 7.7 metres.

6. Steenfelt et al (1981) Model piles installed into
consolidated kaolin.	 Pile diameter
0.019m, length 0.450mm.

4. Levadoux and Baligh
(1980)

Model piles, or penetrometers,
installed in Boston Blue Clay with
multi-point pore pressure measure-
ments.	 Diameter 0.038m, length

0.5 metres.
,

Table 3.7 Case histories of pore water pressure
measurements near piles.



- 403 -

Reference,
Site

_

Pile Dimensions (M)
a_	

10
Length Diam.Embed

Inst.
Depth

c

Stress on
pile Face

Au/Cu	 er/Cu

.

Soil	 Details, Notes

OCR	 Cu,Kpa	 PIZ

Reese and 4.26	 0.15	 7.1 0.56 '	 3.1 2.0 =1.0 14 18
Seed (1955) 0.70 6.4 1.8 =1.0 14 18
S.Francisco
1

(driven) 0.95 13.2 2.0 =1.0 14 18

Koizumi and 5.55	 0.30	 7.55 0.5A 3.2 <0 2'1.8 25 50
Ito (1967) 0.5B 4.6 <0 =1.8 25 50
Tokyo 0.8A 2.7 1.2 =1.5 35	 - 60
2 (driven) 0.8B 4.7 1.2 =1.5 35 60

Bakholdin
and

4.5	 0.20	 4.5 0.47 2.3 0 2'1.5 10 3-9

Bolshakov 0.67 3.3 0 =1.0 10 3-9
(1973)
3 0.88 4.0 0 =1.0 10 3-9

(driven)

Butterfield
and

3.7	 0.10	 5.7 0.47 ? 3.0-? =15 50 38

Johnson 0.61 ? 3.3-? =12 75 38
(1973)
London clay,
Hampshire (jacked)

0.79
0.96

?
?

4.7-7
6.0-?

=10
a8

75
75

38
38

Basin
4

Sutton et al 73	 1.37	 73 0.56 7.0 1.0 =1.0 100 ?
(1979) 0.75 6.8 1.6 =1.3 200 7
Forties, FD 0.96 9.9 1.6 =1.0 200 7
North Sea (driven)

5

Fathallkh 0.685 0.063 0.685 0.25 2.8 3.2 1.0 28 31
(1978) 0.55 - 3.5? 1.0 28 31
Model tests,
Kaolin (jacked)

0.85 3.5 3.7 1.0 28 31

6

dNeil et al.
(1982) i3	 0.273	 9.9 0.2 neg. not 6.3 86	 1 -4555

Field tests (driven,closed enc to

Beaumont clay

7

steel pipes,single
and group )

0.7 3.5 given 5.2 158 1247

A	 B
Francescon 0.410 0.019 0.410/ 0.5 4.9-5.5 0-0.2 1 46 11-55 31
(1984) Model 0.300 " 3.7-4.9 0-0.75 2 46	 46 31
Tests with 2.9-4.1 0.2-0.3 4 42 38.5 31
Kaolin

2.3-3.6 0.1-0.9 8 38 31.5 31
3.6 0.4 17 -	 25 31

(jacked) 2.6 0.1 25 -	 19 31

(i) Saugus site (6 holes)

Morrison 1.72	 0.038	 15 1.0 4.4-5.7 0-0.7 3.0 50 12-20
(1984)
Field tests II	 ft	 20 " 7.9-101 0-0.7 2.0 50 VI

with Model "	 II	 25 11 8-9.2 0-1.0 1.35 50 18-25
pile and " 	 30 " 8.4-9.0 0-1.0 1.35 55 II

'PLS' cell "	 II	 35 " 8.7-9.9 0-0.9 1.35 60 11

(ii) MIT site (1 hole)
II	 u	 20 " 7.0 0.3-1.3 2.2 70 12-25
It	 11 25 " 6.2 1.4 1.5 80 so

11	 11	 30 " 6.5 1.1 1.5 95 It

'

Table 3.8 06
 :f

ecAllue rt.+. 1euel.
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Notes for Table 3.8.

1. Only an average Cu and PI value are given by the authors, the

top 9ft of the pile was inserted through a cased hole.

2. Two piles, A and B were used. The top of each pile was formed

in a two metre deep excavation.

3. There is very limited soils data for this case. Cu was

estimated to be 10 kpa, from Cu 0.3 o'v. Banerjee (1979)

gives a different interpretation assuming Cu/q' v = 0.11 + 0.37

P.I. Pre cast concrete piles were used in this study.

4. No pore pressures were measured here. The authors assume

drained behaviour but, as the data were recorded overa 3 hour

long installation period, excess pore pressures probably

remained.

5. The installation was lost after IO days due to cable failure

6. Fathallah consolidated his kaolin in one increment of load, and

then relaxed the vertical stresses in order to install the

pile. Between unloading the clay bed and installing the pile

considerable swelling took place. The initial conditions in

the soil therefore varied with distance from the boundaries,

with negative initial values of u, a e and ar developing before

installation.



7. The tests described by 0 Neil et al showed considerable scatter.

This was considered to result from the use of flat load cell plates

on the circular pile section ,and a pronouced temperature sensiti-

vity in the instruments. During installation the pile face piezo-

meters desaturated , probably as a result of negative pups , and

no data were available for 48 hours.The pwp data show the effects
-

of installation to have been incompletely equilibrated at the time

of the first load test.The tabulated data do not therefore corresp-

ond to ultimate conditions.Both single piles and a group were used

for the study, with instruments located at three levels below the

3 metre deep starter holes.

8. Francescon reports two tests series, A and B o performed with

different boundary conditions and consolidation patterns. In
•

series A the vertical dimensions of the clay cylinder were kept

constant and a fixed radial stress maintained furing pile

installation. In series B an annulus of soil near the pile

was exposed to the atmosphere during installation and was free

to heave. The soil for series A was consolidated separately,

sampled, then reconsolidated before testing. In each case the

shear strength was around 45 kpa. In series B the soil was

consolidated insitu and tests were carried out in a rigid

walled tank. The shear strengths varied with OCR, giving

11<Cu<55 kpa. These variations in procedure resulted in

consistent differences between the results of the two test

series.

9. Morrison reports two test series with a piezo-lateral stress

(PLS) cell in Boston Blue Clay. Profiles of penetration and

dissipation data were recorded at the Saugus and MIT campus

sites. The PLS cell was located 27 diameters from the pile

tip. In his thesis, Morrison prefers the use of o'vo to Cu

for normalising stress measurements. For this table Cu has

been evaluated from the field vane strengths reported for the

two sites.



.

Reference Constitutive
Law

Definition of
Time factor

T

Predictions for
dissipation of Pile Face

Initial T for 50%

PwP-
distn.

dissipation

Au/Cu T50

Soderberg
(1962)

Elastic Cy.t/r02,
_	 - - 0.6-1.5

C
V
 assumed

Hagerty and Elastic Cyt/r02 0 Ur/Uomaroir n =1.0
Garlanger Cy assumed
(1972) .

Butterfield
and

Elastic
during

Cyt/r02,
C	 found from

Elastic -
plastic

5.0 3.0

Bannerjee consolid- V cavity
(1970) ation k4

C n ---.(K'+ -G)
v	 y

N	3

expansion

Randolph
et al
(1979)

Elastic Cyth02,
Cy found from

cv. k.2G(1-v9

Elastic-
plastic
cavity
expansion

4.0
3.0

2.0
1.0

(1-2v')

as above Elastic-
plastic

Cyt/r02, Cy
as above

as above 3.9 1.5

as above Mod.CAM R.Cu(o)t/y r
2

as above 3.9 1.5x10-2
clay 14 (3

(A,k and G
values input
to soil model)

(Mod. CAM.
clay).

3.0 1.4x10-2

-._

Table 3.9
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1

3

4

5

6

Table 3.11

Reference Pile
radius ,m

Soil
Z

Dissipation Cv , m
2
/yr.

Reese and Seed

(1955)

0.075 Bay Mud,

approx.

50%

.

2.5 to	 15

OCR =1.0 •

Koizumi and Ito

(1967)

0.150 Sensitive

high PI

clay, 1.87

50% 6.0 to	 8.2

OCR > 1.5

Roy et al. 0.1095 Sensitive 50% 9.3 to 16.8

(1981) clay,

OCR = 1.0

•

Sutton et al 0.685 North Sea 15 to 30% 3.8 to 28.5

(1979) Clay

OCR q., 1.0

oca cv
Francescon

(1983)

0.0095

(Model

Kaolin

various

50% 1 38

pile,

Series A)

OCR's. II

to

4

8

5.7

3.6

Morrison 0.019 Boston 50%. OCR cv
(1984) Blue 3.8 29

(PLS tests,

Sauguss

clay,

profile

3.2

2.0

29

29

site) of OCR's. 1.3 46

Values of Cv calculated from pore pressure dissipation at the pile
face, using an approximate, linear theory.

Notes:

(i) Coefficients found from cavity expansion solution of Randolph et al.

(1979), using linear theory with Tv as a function of initial
Au/Cu.

(ii) Oedometer Cv values are given in three of the above references;
Reference	 Cv Normally consolidated Cv awning

Roy, et al (1981)	 0.3 m2/yr	 32 m2/yr

Francescan (1983)	 15.8 m
2
/yr	 79 m

2
/yr

Morrison (1984)	 0.9 - 5.4 m
2
/yr	 9-54 m

2
/yr



eference Installed Depth

Z/E
Final cOr/Cu(o) , Dissipation

of excess
Pw1:1 -

Initial
a'r/Cu(o)
(Estimated)

Final/Initial
a'	 /0'	 .	 .	 .

cer	 r Initial

eese and Seed
1955)

Mean of all
points on shaft

1.3 (Mean) 100 1.7 (Mean) 0.75 (Mean)

'
pizoni and Ito 0.5(B) 1.30 100 1.3 1.00
1967) 0.8(B) 1.43 100 1.0 1.43

akholdin and 0.47 0.5+ 90 1.5 0.33+
olshakov 0.67 1.0+ 70 1.7 0.59+
1973) 0.88 1.5+ 90 2.0 0.75+

utton et al 0.56 1.2+ 15 2.0 0.62+
1979) 0.75 1.3+ 30 2.0 0.67+

0.96 3.0+ 43 2.0 1.5+	 •
ieil et al OCR	 Depth Single	 Group Single	 Group
(1982) 6.3	 5m

5.2	 10m
0.4	 2.1

-	 1.1	 1.9
incomplete,
neg.in places

0.86
0.79

0.5	 2.5
1.4	 2.4

Series A	 Series B
_

Series A Series B
'rancescen OCR1 4.0	 3.0 (Mean) 100 3.2 1.25	 0.94
:1983) 2 3.5	 3.0 100 2.4 1.45	 1.25
/E0.5 4 3.0	 2.6 100 1.9 1.58	 1.37

8 2.9	 2.3 100 1.6 1.81	 1.43
17 2.0 100 1.3 1.54
50 1.8 100 1.0 1.80

OCR	 Depth
forrison (1984) 3.0	 15M 1.8 100 1.8 1.0

2.0	 20M 3.2 100 2.1 1.5
'LS cell, 27Diam. 1.35	 25M 2.5 100 2.4 1.1
!rom tip 1.35	 30M 2.5 100 2.5 1.0
ni deeply penet-
rating model pile

1.35	 35M 2.5 100 2.5 1.0

:i) Saugus Site

2.5	 20m 2.0 100 2.2 0.9
:ii) MIT site 1.5	 25M 2.0 100 1.8 1.1

1.5	 30M 1.9 100 1.7 1.1

Table 3.12

lotes: (i)	 + indicates incomplete consolidation
(ii) al 	values estimated from Brooker and Ireland (1965), where not stated in

rI
source reference.

Measurements of effective radial stresses at the pile face after consolidation.



OCR Cu /Cu
co	 o

1 1.43 - 1.50

2 1.26 - 1.18

4 1.07 - 1.12

8 1.02 - 1.07

Table 3.13
	

Gains in strength near pile shaft after full

equilibration, Series A tests, Francescon (1983)

OCR 8' at peak 8' past peak

1 14.4° 12.8°

2 14.9° 15.3°

4 13.1
o

11.9°

8 16.8° 14.2°

Table 3.1 4 Pile-soil friction angles deduced from test

Series A data, after Francescan (1983)
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Layer considered Range of

OCR

Mean reduction in

a'
r
 on loading to

peak capacity

Mean value of

6' at peak

capacity

Upper and Middle

BBC

Lower BBC

2.0 to

4.8

1.35

52% in compression

50% in compression

25% in tension

30
o

21
o

Table 3.16
	

Effects of pile loading measured in preliminary

tests at Saugus site, using PLS cell.

Morrison (1984)
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Figure 3.1 The differences between the state boundary surface and undrained
stress paths for isotropically and Ko consolidated Lower Cromer
Till (LCT), after Gens (1982).
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Figure 3.26. Linear consolidation solutions for dissipation
after pile installation.
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Identification Soil Models
(Yield
criterion)'

Initial stresses Soil parameters

A Sand-Mohr
Coulomb
Clay-Tresca

Assumed insitu
R0 distribution2

As shown on Fig.4.7
c-0.5 at interface

B as above as above As shown on Fig.4.7
(1.0, softening as
B, Fig. 4.12

C as above as above As above, but
softening as C,
Fig. 4.12

D as above as above As A but with
Young's modulus
increased by 500%.

F Sand-Mohr
Coulomb,Clay-
modified
Cam Clay

'Cavity
expansion'
values3

As shown on Fig.4.8
(Parameters from
Drammen clay)

G as above as above As shown on Fig.4.9
(Parameters for
Hutton site)

H as above Assumed
insitu R0
distribution2

,

As shown on Fig.4.10
(Parameters for
Hutton site)

Table 4.1 Summary of parameters for Analyses A to H.

Notes. I. All three models are elasto-plastic, the yield criterion
is used as a convenient label.

2. This distribution was derived by Fugro.

3. The initial stresses for F and G were assumed to be those
recommended by Randolph et al (1979) as a lower bound
for full consolidation after installation. The vertical
effective stresses were assumed equal to the overburden
values with a'e - Oy- K. a'r and k0 value taken as
(1-Sin0').
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after Martins (1983).
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DEPTH
(METRES)

TOTAL NO OF
'GOOD' SAMPLES

AVERAGE
LENGTH (MM)

TOTAL NO OF
'POOR' SAMPLES

AVERAGE
LENGTH (MM)

0 to	 10 5 268 5 234

10 to	 20 1 290 3 117

20 to	 30 .	 2 325 5 •184

30 to	 40 1 330 4 104

40 to	 50 1 230 4 190

50 to	 60 1 310 2 140

60 to	 70 3 285 5 192

70 to	 80 2 585 1 300

80 to	 90 2 435 4 178

90 to 100 2 420 — —

Table 5.1 Sample stock from Magnus site, Fugro investigation

('poor condition' implies sealing broken and sample exposed)

1

Crv Day No

4.5 2.5

16 5

40 7

95 9

200 11.5

100 14.5

Table 5.2 Consolidation programme for Anisotropically consolidated Blocks
prepared in the 229 tom odeometer
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Figure 5.1. Strains developed on the centre line of a tube sampler,
after Baligh (1984).
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Figure 5.18. Electro-level gauges set on sample.
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Figure 5.19. Sample and instrumentation assembled in stress path. cell.
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Figure 5.21. Excess pore pressures at sample mid —height for various
rates of K

o
 consolidation, London clay.

Figure 5.22. Excess pore pressure at sample mid —height for various
rates of K

o
 swelling, London clay.
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Magnus clay-.
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Figure 5.28. Excess pore pressures at sample mid—height for various
rates of R

o
 consolidation, reconstituted Magnus clay.

13

A
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10
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2

Figure 5.29. Ratio of axial strain to volume strain for Magnus clay
following stress paths given in Figure 5.27.



OPPOSITE

Figure 5.30. Photographs of thin sections of intact Magnus hard clay,
with and without, 45 degree rotation of polarising lens.
Gas filled void spaces are shown circled.
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Test
Pre-shear
Conditions

Peak
Strength

Stiffness Strain
rate

p' o
Kpa

Ko
Ka

Cup
Kpa

E
u(0.01)
Kpa

L E/u p' o) 0.01 t
0.1

Mins.

MR1 267 0.50 122 2.22 x 105 0.185 831 38
MR1A 267 0.50 139 2.89 x 105 0.238 1118 43
MR1.4 206 0.59 122 4.50 x 105 0.270 2184 50
mR2 158 0:72 . 108 3.59 x 105 0.353 2272 52
MR4 106 0.96 94 2.26 x 10 5 0.386 2132 65

MR8 65 1.34 67 1.13 x 105 0.407 1738 105
MR21 43.1 2.00 55 8.20 x 104 0.359 1902 67
MRE1 265 0.50 60 @ 5% 3.16 x 105 0.439 1190 65
MREls 266 0.50 N/A 2.56 x 105 0.434 975 780
MRE2s 157 0.71 N/A 1.44 x 105 0.336 761 780
MRE4 101 0.97 52 @ 6% 9.60 x 104 0.331 953 41

mRE4d 101 0.97 N/A 4.96 x 104* 0.368* 498* 380
MRE17 43 1.90 30 @ 2% 3.74 x 104 0.321 860 37
MRS1 192 1.00 108 2.63 x 10 5 0.404 1371 60
MRS2 156 1.00 102 3.25 x 105 0.336 2083 57
MRR.1 126 3.15 86 1.88 x 105 0.355 1489 52
MRR4 107 3.10 70 1.14 x 10 5 0.453 1062 39
MRR.17 66 3.28 N/A 9.00 x 1Q4 0.387 1360 45

MRI1 381 1.00 131 2.60 x 105 0.407 682 80
MR12 200 1.00 109 2.43 x 105 0.400 1214 70
MRI2C 103 1.00 N/A 1.37 x 10 5 0.401 1377 37
MRI4 97 1.00 96 2.14 x 10 5 0.294 2195 68
mRu (J) 59 1.00 45 9.80 x 104 0,435 1661 47
MRU(ii) 72 1.00 48 1.03 x 10 5 0.421 1437 50
MRU(iii) 72 1.00 N/A 9.8 x 1Q4 0,456 1207 11
mRU CIA 67 1.00 45 8.40 x 104 0.387 1244 540

* *mut, (J) 70 1.00 N/A 5.20 x 104* 0.465* 743 1820
* *MAUD W.) 59 ' 1.00 N/A 6.18 x 104* 0.432* 1047 420

*
*MUD(iii) 56 1.00 N/A -11-4 x 104* e0.5 :2:700* 600

MRUD(iv) 68 1.00 N/A 6,20 x 10 4*
*

0.46
*

911
*

24

Table 6.2. Summary of Reconstituted Triaxial Tests

Denotes drained tests, parameters are E'(Q01) (E l /p' 0) 0.01 etc..'



OCR 1 2 4 8 18

Series

R 0.303 0.554 0.878 1.22 3.05

RE 0.155+ - 0.52+ - 1.18+

RS0.273 0.510 	 --- as R ----.---------

RR 0.212 - 0.720 - -

RI 0.344 0.540 1.021 - -

RU - 0.448 - - -

Table 6.3. Comparisons for Cu/a i vo from different test

series, reconstituted Magnus clay.

+
indicates( lndlcates tests where peak strengths were
not necessarily obtained).
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Rate of Displacement 	
r

mm/minute

131 31.4°

0.086 26.8°

0.058 27.5°

0.017 26.3°

Table 6.5. Dependence of •0 r on rate of displacement,

Magnus soil-soil shear, ce nzilt 500 Kpa.

MRC1
Consolidation
Conditions

OCR p' 0

Kpa
Max. G Equiv. Max.

Eu/p'0
Lz Equiv.

(Eu/p	 1
fo'0.01

MRC1 Isotropic 1.0 400 5.8 x 10
4

435 0.28 337

MRC2 a 4.0 100 5.0 x 10
4

1,500 0.50 1310

MRC3 Isotrop. Ad-
justedl

2.0 70 1.6 x 10
4

686 0.28 454

Table 6.6. Resonant column test data for reconstituted Magnus soil.

Notes

1
	

'Consolidated' at estimated initial stress

2	
Defined here as G at 0.05%/G at 0.005%.



Test	 (8u/P10)0.01

MaIl	 682

MRI4	 1,291

MRUU(iii)	 1,361

Table 6.7. Comparative triaxial test data.
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DESCRIPTION 

Stiff to hard grey-black very silty CLAY
with shell fragments and gravel (chalk)

bed I 0

10

T.

Pseudo-platey,	 Gammon's,
hshscale fabric bat 	 aserconsaiidated
more blocky Man abode,
stronger bedding
some drops tones

Sand lenses Glacomanne

30

80

100

— 485 —

FABRIC	 SUGGESTED DEPOSITION	 GEOTECHNICA

ENVIRONFIENI	 UNIT

Very stiff to hard dark grey very silty CLAY
with gravel ( chalk and igneous )

!:...T.:.:	 Dense to vary dense light and dark
ilir•:%:_e_ 	 clayey silty fine SAND with gravel •chalk

'`'....frags and clay Layers 
Very hard grey -black very silty CLAY

rrvrx:17—...kith shell train and gravel 
20 • :vv..: sfery dense grey fine hi coarse SAND and

fine gravel with chalk and shell frags

Hard to very stiff grey-green silty CLAY
with gravel rounded chalk shell fragments
and occ laminae of fine sand and pockets of
organic matter Becoming browner strong

odcur	
Pockets and lenses of fine silty sand

becoming weaker fewer laminae and
less gravel. Stiff to very stiff

Weak horizontal
bedding

Contorted irregular
structure

Weak horizontal
bedding

Pseudo platey
'fish scale fabric
occasional igneais
dropstones and
intact shells

Similar , fewer
dropstones showing
stronger bedding
features

G I acio marine or
reworked

Lodgement till 7
consolidated by
wave action 7

Glaciomanne or reworked
Consolidation by wave action?

Glamomanne deposited
rapidly from a floating
glacier ? Consolidated
by wore action ?

Glcciomarme , lightly over -
consolidated or normally
consolidated

'

•••• becoming weakly fissured with oblique
and sub vertical discontinuities

lenses of fine silly sand
../

Hard green-brown dark grey silty CLAY
particles of chalk,gravel mid shell
Oushrqs of fine sand on some

— —............ bedding amens

Hard grey-brown silty CLAY with
cobble sized errahcs of massive tram
sandy CLAY Some fragments of chalk
shell and pockets of organic matter

Frequent sand lenses partings and
laminations

I.C. LOG FOR BOREHOLE 11 . MAGNUS SITE 

Figure 6.3.



OPPOSITE

Figure 6.4. X-ray images of Magnus samples (actual size).

LEFT
	

RIGHT

a) 0.5 m depth
	

b) 44.8 m depth





OPPOSITE

Figure 6.4. X-ray images of Magnus samples (actual size).

LEFT
	

RIGHT

c) 63.1 in depth
	

d) 67.7 in depth





OPPOSITE

Figure 6.5. Photographs of Magnus samples.
(left natural in/c, right part air dried)

a) TOP	 - 4.1 metres depth_

b) BOTTOM	 - 6.7 metres depth





OPPOSITE

Figure 6.5 (cont'd). Photographs of Magnus samples.
(left natural in/c, right part air dried)

c) TOP	 19.3 metres depth

d) BOTTOM - 35.2 metres depth



;s01



OPPOSITE

Figure 6.5 (cont'd). Photographs of Magnus samples.
(left natural m/c, right part air dried)

e) TOP	 - 46.2 metres depth

f) BOTTOM - 55.3 metres depth
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OPPOSITE

Figure 6.5 (cont'd). Photographs of Magnus samples.
(left natural m/c, right part air dried)

g) TOP	 - 85.4 metres depth

h) BOTTOM - 95.2 metres depth
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Figure 6.8 c). Atterberg limits and water contents.
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Figure 6.75.	 Stress—log strain data, Group II tests.
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Figure 6.74.	 Stress—log strain data, Group I tests. 13
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Figure 6.76. Stress-log strain data, Group III tests.

Figure 6.77.	 Stress-log strain data, Group IV tests.
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Figure 6.81. L(c) against strain, Group IV tests,
MR2 also shown.
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Tables and Figures



Depth

m

Water
Content

Z

Liquid
Limit

Z

Plastic
Limit

Z

Plasticity
Index

Z

Bulk
Density
kn/m3

1.4 30.0 85.4 28.1 57.3 19.05

2.4 26.5 19.68

2.7 27.8 78.8 28.3 50.5 19.27

3.5 29.7 86.4 28.8 57.6 19.02

4.1 1 29.8 86.8 30.8 56.0 19.28

4.1 2 - 67.6 25.9 41.7 -

4.6 25.7 19.53

5.1 31.2(?) 71.8 26.6 45.2 19.92

5.9 27.9 19.95

6.6 27.3 67.5 26.0 41.5 19.26

7.2 27.8 19.62

8.2 26.6 70.5 25.7 44.8 -

8.7 25.0 19.70

9.1 25.7 19.75

9.9 25.6 69.6 25.2 44.3 19.54

1 In Disturbed London clay

2 In Brown	 London clay.

Table 7.1.	 Variation of Index properties with depth
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Test Stress Range el cc cs

Kpa

LOED1 1,300 - 2,200 1.328 0.228 0.061

LOED2 1,300 - 2,200 1.280 0.206 0.041

LOED3 400 -	 600 2.005 0.397 0.045

LOED3 10 -	 400 2.312 0.545 -

Bell Common 1,300 - 2,200 1.290 0.215 0.051
Sample

Table 7.2. Oedometer e - loga'v coefficients
(e l is voids ratio for ev • 1 Kpa for virgin
compression curve)

Series
	

Description

LI
	

Unconsolidated, undrained compression tests on intact
samples

LR	 Ko consolidated, undrained, compression tests on
reconstituted samples

LAE	 Ko consolidated, undrained, extension tests on
reconstituted samples

LRU
	

Various tests on reconstituted block samples.

Table 7.3.	 Description of Triaxial Test-Series.



••••	 to
•	 00 •.4

4.1	 El
0 0 0 in 0 o 0 0 0 in in 0 0 in.10	 0.	 co	 .0	 -.	 %CI	 N	 N	 ON	 %.0	 %.0	 ON	 .4*	 00

0.4	 ••••	 0n11	 ••=11

s-3

.4 0 N. CS1 0 0 .. en 0 N. N. 00 NOin	 ....?	 .1,	 00	 N	 N.	 o	 In 	 ...?	 N	 nCo	 %.0
en	 ...?	 In	 ..?	 UN	 en	 en	 en	 -1	 en	 en	 en	 ..7	 en•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •
00000000000000

.-4.
o

0.	 c,•••.	 •
0 0

43
.....r

in000.ine.0.03000.4.-.1--...1.	CO CO	 -	 -	 N-..t .0	 0.	 0	 N.	 N	 0	 N.in	 in	 in	 in	 In	 N.	 in	 N.	 in	 .0	 in	 CO	 .0	 --t

4,•1

40
0 al.-.0 au
ZW

Ill

Ni•	 ...7	 ..1• ...?	 .../ •	 ../'	 ...7	 ...1*	 • ..?	 ...?	 ...•	 ...1•	 ...7	 st00000000000000
)4	 )4	 tt4	 14	 OS	 )4	 )4	 14	 04	 04	 )4	 )4	 )4	 >4
- in 000 
CO	 en	 .0	 0	 co	 .0	 ...?	 N	 in	 0	 .0	 0	 4'	 0•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •Lilco	 cy%	 CO	 n.0	 in	 N	 in	 en	 NO	 in	 en	 en

44
1-1
0	 Idz a
U

NCel
•	 •

0,	 co	 .....	 ...?	 ....	 ncor,	 .	 s„.,	 CO	 ‘,2	 m	 ...t	 ON	 gl
•nI

.1/41al
C)
0n 	 030.0 W0

in	 in	 N.	 NN
 •	 •	 •	

NOin	 -•	 inN.	 •	 •	 •	 •
ON	 N.	 0	 N.	 ON	 --*	 en	 .."	 N.	 o	 ON	 ...	 ...	 In
en N. CO 43 N. N	 ei .-	 N	 0 a.	 -. N	 -

0	 te
••	 0.,
a.	 a4	 	

N. 0 -.1•	 UN CO	 In	 COO
•	 •	 •	 •	 •	 •	 •	 •

n0	 -.1•	 til	 ..i•	 NI	 ...l•	 In	 co	 co	 0	 in	 csi	 cv	 .0
0	 ...t	 VD	 in	 en	 .-	 N	 ON	 N	 0	 CO	 CO	 N	 N.

e4	 esi	 -	 c4	 el	 -	 -	 cv	 cv

4
.I.J
0.	 a0)

C4

•..7	 ...t	 N.	 in	 ....	 V:0	 '..	 01	 %.13	 N	 N	 CO	 .-	 at•	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •	 •.-.	 csi	 0.1	 en	 ...?	 ../'	 in	 in	 g;)	 N.	 CO	 CO	 ON	 ON

4.1
CI	 •
Cl	 0
HZ

n

0-	 CNI	 en	 ..1'
•-•	 eN1	 en	 •.?	 in	 %.0	 N.	 CO	 ON	 	
1-1	 1-4	 1-4	 H	 H	 H	 1-1	 H	 H	 1-1	 H	 H	 1-1	 H
o a	 I-10,-Is-le-3	 o-71-4	 AOI-3014.-4



Layer	 Mean Mean L(E22/1)0.01

Head	 563	 0.397

Disturbed London Clay 	 538	 0.423

Brown	 London Clay	 636	 0.361

Blue	 London Clay	 614	 0.376

Mean of all samples	 602	 0.385
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Table 7.5. Trends for stiffnesses at small strains, Series I.

Series Test cr.vckPa OCR Shearing Conditions

R LR1 402 1 Undrained Compression

« LR1.5 400 1.5 «	 «

« LR3 399 3.0 «	 «

« LR7 398 6.9 el	 «

RE LRE1 397 1 Undrained Extension

« LRE1.5 400 1.5 «	 «

n LRE3 399 2.9 It	 «

« LRE7 401 7.0 «	 of

Table 7.6. Tests on samples KA consolidated in the triaxial cells



0.,.1
cd 0	 -, 03
1.4	 4)	•	 0
.1.1	 cd	 0 . .-q
CO	 hi .I.)	 =

00	 0	 en
crc	 -..	 N

I'.
cel

o
00

in 0
s.o	 in

CO
03
el/
0

144
14-I
4.4
4.1
VI

...
0
0

0-.
0

-
13•4....
0

43....n

N	 ...t	 0
CO	 4.7	 CO
4 4*	 CO	 CO

0
%10
0

en
N
n 0

...1	 1.•	 •-•
CO	 1.•	 N
.7	 .7	 .7

0

ON	 03	 n13
- - -.
e'l	 ....7	 4'•	 •	 •
0 0 0

0
co
...7•
0

l's
a%
4•
0

co	 e..	 1...
r...	 • 0	 r.
en	 N	 en•	 •	 •
0 0 0

.0.
•n•

0
•	 pj

0 Ch
.." b4

430

in in	 in	 -4
0000•-.	 •-,	 ....	 •n•

IC	 Da	 PI	 id
- 0 00
.7	 01	 en	 Ch•	 •	 •	 •
- - - eh

in
 0

•n•

Oa
0
03•
•-

in	 ..7 	 .7
0 0 0
•n•	 .0	 Inii

04	 04	 14
CO	 .7
0	 44?	 en•	 •	 •
...	 r.	 Cr)

.0
44r
a)
14
.1.4
th

1.1
I-I

0$0	 oe,
0 b4

00	 ON	 00
I-.	 e•-•	 4.0

0
rs

01
r-

N	 0
co	 I	 ...7

04 ed
0	 04

C..)	 b4

k0	 en	 al
0	 at	 I.'S
..

in
I,-

0
CO

-.lb	 4.0
CO	 I	 .4

co
0
o

•e-c
.1.1

••4
•C1
0
o
U
$4
ed
43
.0
ta
I
01
34
a4

0
> ca.-	 10.

b	 h0
•-•	 r•••	 C4I
0	 •13	 en
.7	 N	 •-•

CO
in

r...
oN
en

a a cc
.0 -1 in
N	 •-•

0 0-	 0.
ga,	 hd

N in co
en	 N	 ...d.
N	 N	 •-n

-.7
•

en
as

a%
co
N

en	 in	 ..i•
N in 00N	 •-•

._

4./
ea
ell

E-1

eel•
.••n 	 .-.	 en
C4	 g	 ad
1-3	 I-1	 • 4

r.„ 
14A

gime
m

.-

in
•

1-1	 crt	 f.,0	
M

E	 I-1



- 567 -

0
4.1
0
1.1

0
*14
0
W
4.1
CO

03
0

in
.

0	 eV	 cv
....	 co	 .-..
0

•
0

4.1

03
0

......
.-•	 0
0 In

•	 4'
0
....•

4.4

ta
co
4)
13

(14
144
•,4
43
CO

01	 CO	 CO
03	 -7	 Cn

0	 co)	 ...1*	 ...1*
•	 •	 •0 0 0

 ‘13

,-.1	 VI
•0

0
0

.0.ca	 .-.	 MI	 01

....	 ---	 col	 co
0,	 sD	 In QD

s•••
0

1.T3
•••0

.-.0
0

#.%0	 o
co

0.	 ....1•s,...

1:13

10
O.

W ....t 	 -.7	 ...?
•-• 0 00

o
•	 :•4	 }4	 54

0...A	 0	 co	 •-•
0	 •	 •	 •

gy1	 in	 .0	 .0

..?
....	 0

o
•	 iC

0
.....	 e.

110	 -I*

0
,,,,

cda	 0 0 c.
01	 01	 a)

0
Crl

P.	 00

43
03
CD
H

.-.	 1•4	 el

0 0 0
g g od
/A	 4-1	 p-41

.-,

0
g
1-1

00
...1.. 1
4.1
ch

. ..I
14
U
01
a)

g0
4.1
co
0

E-1

44
'	 03

0)	 =	 =
4.1

B =	 =

di
4.1	 .:0
14

"c)
W0
•0

)	 0	 13
014	 cd

,-1	 13 14
CO	 CO	 44

El
o
1.1

14-1	 1
0

1-I	 0
CO	 U
4)4)
4.)	 ms

0
.11	 4.1	 tA
cdcd	 0
a	 "o o

Sri	 ...I ...4
co	 ,.41J
34	 0 • 04
01	 03 '10

0
0

o	 U
1-4	 0
cf)



- 568 -

Pre-shear conditions Stiffness parameters

P'o a'vo OCR G max G(0.01) L (3G/p	 )lo-o.ox
Kpa Kpa Kpa Kpa .

LCR 1 293 400 1.0 4.78 x 104 4.60 x 104 0.63 471

LCR 2 186 200 2.0 3.90 x 104 3.85 x 104 0.69 619

Table 7.9.	 Summary of results from IC, consolidated resonant 

column tests
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Figures 7.3, 7.4 and 7.5 (following 3 pages). Photographs of air dried
samples from Canons Park.
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Figure 7.16. Consolidation rate data for LOED 1.
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Figure 7.38.	 Comparisons of extension and compression stiffnesses,
London clay and Magnus clay.



LRUU 1 slow

LRUU 2 standard

LRUU 3 fast

100
70

40

20 (Axial strain indicated in %)

04

02
01
0 04
0 02
001

5

0

5

0

5

14

20	 40	 60	 80	 100 „	 120

	

crA 4 Crr	 kPa
2

Figure 7.39.	 Effective stress paths, Series LRUU.

0.001 0.004
	

0.01
	

0.04
	

01	 OA	 1.0	 4.0
Axial strain, EA (°/0)

Figure 7.40.	 Stress — log strain data, Series LRUU.



LCR 2

LCR 1
.........'

LCR 1

LCR 2.

)01	 0.001	 0.01
Shear strain (%)

I	 I	 L-_
)01	 0.001	 0.01	 0.1

Shear strain (%)
Figure 7.41.	 Resonant column test results for K consolidated, reconstituted

London clay.
o



CAM —



S

i

3
a
a

C
E

a	

-.......

a
r...—....

a
a7. 

k
...-

-a
o
"a

5-

i
u

....

.n

A	

.0.n

•.4

•,.4

,....#

44

CO
0

ON
-..

s-3

4.;

1.4
a)

cl

co

a
o

—
—

..
co
4.)
co.	
.3)

4.1

14

g 7in	 CD
el

E .0
1	 to

•
e

- 8 1	 60
.- E us0

i	
•

	

U	
• 1.4

$.4

a	 •	 1 ,	 •14

C
i	 .	 1•4

I	 i	
V	

0
E

/ a•

	

ci	 c0
I

t	 1°	
. 

1 3
et

	

1	
..4
1.4

0
')	 2

	

0	
co

4(	

- §

A
15......_,..

-..... — - 8

,	 I i	
0- ci	 e	 0	 g	 g	 0

in	 ...
a a a	 a oa 4,'

's. 0r



O 0	 - -0-
-111n0

4:	
L11 0	 Ln 0 JeLn o

	

C.;	 :)	 r.:. in tNi c,	 •

	

"e- cv csr	 cN g--	 I- ar- .-. r--	 un
A'

_
-e.

cu
a EE a	 (=>

E 4-0 Ln	
- c)

...t.

1

1

t

c) —

	

- c, E	 1.11

CO

	

rn E	 o,
••n11

••••n•
....,

\
...t	 ryl	 C•4
0	 0	 0

11-1.0 1 3.	 0141:1J SSB.IS

0
ul
6
,Il

1/43

0
CV

I

1

c)



CHAPTER 8

Tables and Figures



41
01 	 0	 0
RR	 in•	 •	 •
o	 o	 .4

:i

e.	 10

81n	 §I	 is
oo o

Cl
mmo4.0)	 in
01	 m	 0
111	 40	 in•	 •	 •
000 

0

m	 co	 co
N	 *	 01
0	 en	 0

•	 •	 •

N	 .1	 N

1-)

illo	 0	 IP

E i E
0 0 0

al 888
ON	 111
4-1	 141	 ri

4 1
000

1 	 lor*
01	 (-I

El
g g N

H

440

1.4
0	 •
tri 164N O

20
in	 OF-	 0	 0	 to	 0	 01	 0%

v-i	 m	 4-1	 PI	 w	 en	 PI	 in	 PI
ig 1 	 I	 I	 I	 I	 I	 I	 Im0m0)00)mmm

4-I	 4-1	 4-1	 1•4	 rl	 N	 4-1	 4-1

id, in	 5i8ri!.91g8c518
p4,1	 44	 '.4	 ,1	 N	 4-1	 rl

Sal
M

0:1401n 1‘•1n 03040111
0 0 0 0 0 0 rl 0 0

14
11)
41
1	 1
.40

g	 r91S	 RA' 	qr!ItS.9.1491
•	 *	 en	 mm	 mm	 en.

tE
C	 44

el	 i

N1041/014/014000
N	 0	 11.1	 01	 in	 wt	 4-1	 r•I	 CO
r1	 4-1	 N	 N	 I-1	 4-1	 r1	 '.4,1

k
0f-4

•••I
IN

.4.1 .?,, 	 1	 i	 1	 1	 1	 ii

c	 4	 .	 41	 4)	 4)	 4)	 P4...,
4.,	 4)	

04	 04	 04	 A	 IN

i	 01 i ti i i	 Iii i

•.	 .	 .

EUP4 ! •Fl •F4 1
is	 a	 ,t1	 Li	 84	 4444IA	 A

1	 8
z•	 0.,

43 rl S
4-1	 10
X ti 8

id	 0	 A0	 111	 F-	 OW41:4	 0	 4.4	 W	 w
4-1	 4-1	 4-1	 4-1	 IT	 NNNN

rl

1
e-i
OA '44lk• •

•	 in

i g co.

.4	 N	 4r1	 •	 m	 ta	 1••	 CO	 al



n
n 	 5e	 ciE	 of

e	 .
.	 -	 .	 ..---

0e c	 .•	 ...........-----..
a	

•••
...j.. -	 ____....• ..0 i	 ..•

..-•••••••
pc	 00	 .	

..---.--

cu
t_....	

-11 i

. •••"'"-

4—
I d... °'	

_....... a

(1)	
...........00...................•--

• E	 .0.	
15 g.	 .	 .---	 t t 1.ac	 .. ....	 . 'E a .O ./

L.,
...

a.'/'..	
I . s

2 i
a

/

2

n11nnnn•

1

(u) Lodso

•
0	 •-01	 P.	 t0	 0

	 a	 9	

▪ 	

e-

8

4.1

4-+

•
u -0• 0
I-I 0

0i

▪ 

0)
4-1 4.)
e0 .1-1

V CO

..41

4-)
0

• 121
O 0
C3 I+
0 4-1

C.)
I0
4.1

'1.1 CC
•cf

▪ o0 •
•,-1

1—i 14 4.1
• 05

a a)
• +.;
O W

•0	 In1
O CI) 0
O El
1-1 0 t•C

14
O CCi

4.1

03 V 4.1
01 0 ci

cd cd

sac co cl
O 4.) •1-1
14 05
Ch CU •

'Jo

• 1.4
cp
O -1-1

4.1 X 0
444 co

.”1
4.11-i
ctl 4.1 c.)

.6! 0 t

ri	 •
• a

• •
I	 Nb..............

	

1	 •

	

I	 •	 diN,
. ..

a
ar"...

ie
.... .1,4.-,	 	 u.	 .	 I	 .	 A

..-	 Oi	 rt	 ve	 in	 to	 fn 	 CI	 0 9
(w) widaa



800
Eu
Cu

600

400

200

• (5.5m)

(4m)

a)

Mean L = 0-57

(Eu/1301)0.01 = 750

(4M)
(2.5m)

• (0.5m)

• (1.5m)

• (5.5m)

b)

0.01	 0.1 i. d

800
Eu

Pc's 600

400

200

3m square load test •
7./D= 0-26 •

865 mm plate • = 0 .44 x
test	 _ • =062 +

0 	
0.01	 0.1	 1.0

Vertical strain (%)

Figure 8.2.	 Instrumented plate loading and trial footing tests,
Chelsea and Bracknell.



_

_

_

50

40

10

_

1n•

1 t 1

•••n

800

600

400

200

0

o 0 . 01	 0•1
	

0.5

Shear strain YVH ( %)

b)

I	 I	 1
0.01	 0.1	 0.5

	

Major principal strain	 (*A)

Figure 8.3. Instrumented pile loading test, Hendon.



3m square

0

Surface Loading
Test

Centre line
settlement points

Centre line settlement
points at four levels

305 mm

457 mm

610 mm

1
 AXIAL

FORCE

— 865 mm

152 mm

Plate test 1m

2m

3m

5m

c

— 616 —

?igure 8.4. General arrangements for instrumented
Field Trials; a) Chelsea Plate Tests,
b) Bracknell Footing, c) Hendon pile
experiments.

SOIL SHEAR STRAIN MEASUREMENT POINTS

/A\

Axial	 _is,

load cells

et

Electrolevels placed close to pile

‘1	 Horizontal
Inclinometer
access tubing

4.5m long pile instrumented for
shear stress transfer and local
shear strain measurement,
[Stress— strain curves interpolated

( b )	 for 1.0 , 2.0 and 3.0 m depth]



8.3m 2nd
unloading

S.	 •

S.

S.

\II.3m 1st unloading

3.25m 1st unloading

325 2nd

1	 1	 1 
unloading

I

0114	 0.01	 0.04	 0:1	 OA	 1:0	 4.0	 100

	

Equivalent axial strain 	 (4)

Figure 8.5a). Stiffness-strain characteristics deduced from Canons Park
pressuremeter data by method of Palmer.

52 m

29.2MN
S.

40.9m \ \
N

49.0 m N \
69.3 m	 \ S. \

S.	 •
. \ \

0.04	 0a1	 0.04	 OA	 04	 1.0	 4.0
Equivalent axial strain 1%)

Figure 8.5b). Stiffness-strain characteristics deduced from Magnus
pressuremeter data by method of Palmer.



2B

E = D

Projected mini mum	
E=E

—0

Experiment

-0- -40-- FE. simulation

. 120

r_
100

BO
/

#

60

40

20

10- 	10_I	 l0	 0
ES10

e

Eu_
Cu

0
io-3

E =C
--s.

i Observed, or projected, maximum

Eu = A + B cos [ a I logio—E 1]
Cu	 C

B
Peak deviator (end of stiffness data )

i	 Axial strain	 I

10-i	
..... ..... n -- le	 ..- -' 10..-•n 	 ....

nMMn01	 Projected
function

Figure 8 4 6Curve fitting for stiffness-strain data.

Tignre 8 .7 Stress-strain curves for .aperient MR2 .



C7'•

••nn• •
0.1

4.1
CC C:

•••••
••••••

•r4
•nnn•

Ce o--e
<tg

6.1	 a)
•nn• •nn••

••nn• CP

C 4•J.0 to

cu

1	 I

0	 CP
0	 CP
*0	 CSI
rt	 rn

I	 I	 i	 I 
c=,	 cD	 cD	 GI
cx	 CD	 Co	 CP
CO	 ....t	 CO	 %0
CV	 CNA	 CV	 1—.•

nji n3 sninpow oroas pasnouiJoN



C..-..
0

C=1 Li= E...,. 0
NI

•.- ga.	 ...• r,

	

CO	 • b -8	 .4- a rip	 - co>v ,	 •,.4

	

C2	 C)	 C

	

C:1	 LA	 ..c	 E ..E yui
.r4

120

Li
.

, //. 
ir•
4.	 CUC1 "5	 CL CIO IA	 44

	

= Ln	 (%.,	 c_. .4
a 	 t.

	

.......	 c	 O. 73	 J2	 0

1.1.1
.."	

47

	

=	 C) (n 	 cs	 L.•c) ....
OA4- gi	

E la= e
•

gr C gn 	 .E "5 0 e	 ar4
CI
W

	

4..	 ...	 CO v..	 ..-1

	

C	 III.,".	
II	 CI) „___4--

in chi

	

C-.
cs•	 = cs 47-*	 •Q =	 V)

W

LJ Ct. V) 	.....•	 c

	

0	 - ....,	 0 m cn .	 4.1

	

0.	 0_..,0„ 0
42-15	 .c. -0 c 5	 cu0

	

<	 e'''' •	
a ••••••

> E = in	
Ii

CI. 	 c.)

"0	 0
.0
0

	

1=1	 1	 I	 I	 1	 0

	

C! 0 C:	
CI	 C4	 05

	

4 ' "n., NI	 rn	 ..s.

S-..1

	

--.	
E
cgu LSI 1,8- .!c-

•,1

IN

44-1

to
U
0

• •MMI	
.7.: __ICL In4=	 CO

4.a

	

0	 •4••• tJ

	0) U	
Lial L0. w° =_... _	 „s	 41

0U CO

	

IC)	 4-	 C :r-	 .Q 4- _ b	 to
)4......

	

40	
%	 J On

	

CO	

= 

.0 gi- Cli C	 0

	

40	 C .12' c cot :;-;	 IN

	

n,. 	 0 cm •...	 os
••n 	 1 -0.

0	
• —.. .0

O E •	
'10
07:: _c	 = C	 0MI tn rn

-3- C g L a_ 0	 4.1
clU .•

0	 La E

	

qr...	 CD

	

.......	 en .-4

	

NJ	 4.1
4.1
01
02

	

Ir• 	1•••4J LI .6	 4,4Pil.,C)

VI	 U
 
14

	0,	 • -	 72 cu g .ca	
4J
to

7	 .c
-a- c V .4...	 .4

ta
VI =	 VI	 0

1	
14

	0 I :el	 027. in c	 0

Li Las —E In	 ..4
0

:47- = = II)	 .1,h
'- 1:3 In (IA	 co
s ,P•./ cu V/	 6 pi

	

.0 CS in	 k

	

4=i	 •nnn•	 Cd

	

11.. Ca "	
In	 >

....,..	
0

	

Ns	 4,1 •

T•41 V0 ,....	 o erl
\ 0	 1.0 4J
\ C 17.	 0. 0

0	 Oid 0
\ %••-•	 4 44
n cn 0

C
n -

• 	

.47: t,-,
CI

	

--- CI	 LA	 )	 4'	 0	 .
U	 n

	

4	 NI	 n
\

in =
Si t	 $4

0
0\ = 0	 DOLI 4.- •,..1

n



In

0

0

4.1
0
0

444

•r4
00

Ii

•pf

0
444

4.n

cu

•r4



1=1

1

=I

ssalis 6u!vol 9 6D.Ja AV

Cs
co
cco

C.3
C:3
4:3

0
0
...t

Mr

%!...I
MI 0,4	 ,,,,.. 0
.21 E	 - •.'-_.

a;
fa ••••••n„,

:€1	 .......
o

ao
1.-	 to

rcA
- 01 	 8

	

cm cn	 Ng us	 .0
E 0	 .4...	

.....

. )7 @	 o	 N

0
Z 0	

...._ •41n

r.":	
00

w

▪ CII

	
-	

eCI
r4

f=1	 0 •4.n

LSI	
0

	

4-	 0

II	
C	 44

	

a)	 -a
CI	 - `410 E	 erl

00
oft...	 CD a) •ri

ts4	
MEM	

i•I

alln 14
. ao	 o

	

on	 444

	

VI mi	 0
-

C3
C:3
0
I—

(ZW/N4)



zip Elastic

6c
0.2	 0.4	 0.6	 0.8	 1.0

1.0

•
2.0

I
3.0

II
I

5.01

For ZIO = 5

4.0

Figure 8.12.Profiles of normalised settlement with depth for rigid footing



3 gpg vawamas anpns pasnownN



Contour E
Level

A 0.001
B 0.005
C 0.01
0 0.05
E 0.1
F 0.35
G 0.5

.

Tigure 8.14. Contours of Deyiatoric strain for rigid footing Z/ D 5.0, Lf E, 0.5





.n•

DA,

LI

3

7.;

U

4

J

1.4

1.2

1. 0

0.8

0.6

0.4

0.2

1=1= /NW ./=.0

nn••n

1n1•1,

1MD

41n1. nI.MM

'Elastic.

Lf = 0.3

If =0.5

= average footing stress

ost
400'

•10.

ago.MM.

....nn••""

./

./
'

Nom= 11.•• MEM

MM.

0.2	 0.4	 0.6	 0.8	 1.0

Radial distance from centre of footing : r/ro

ligure 8.16. Vertical contact stresses under rigid footing Z/ D n 5.0



— 628 —

•0
C

C•I

0 -

\

rn

0 t

4n.

44CJ	 CI	 Ne=i —

..

•n

I'•,..1.000.-I
U)
U
di

000
C 44

IA

2
0
co

L.,

ul E0
g3

144
..,1

C-
4.- 0

0
In

d
I.,

:r--
c...

01
w0

n1
0
0
0

ar
>.

MI
0

....I
••nnn•

.0 0
0

Zo•
nft„,„4.08.

11".".....44n....„.6........e..........rt

V

A
U

I 1	 I to

C•I rn ....t tO

CD
LI
4.1
01

U)
U
cn

44
0

C to
0 0
..c
‘..•

.-8
.1.4

44

uf
0
il

in
U
C-

f:14

'4

0

0
CC
a
a



c--	 in	 rn	 cv	 .—
ci	 czi	 c:i	 ci	 ci	 c:i

XDWd Id
a.mssaid A4!A1:13 pasnDuLioN

CI



iml

mil

.1k

C

ai

c•-• E
a,
LJ
a

0.
14

"Cl

.0

a
4..•

:;--
c-
cu>

Lf1

rn

CNI

grn

I	

CS
c'1
rel

C=2CS
.0
is—

c:a
—3.
csa

Si. ' ssalis nays 4101.1S



39/ 9 pawanidw irowaA paspumN



-0 11C-

	4r

r

E
D
r1

	.
50m

•

Vertical displacements applied to top of pile

Figure 8.21 Yinite element mesh for 30 m long pile.



- -t

1‘,x n
n

C•S
LI'l
a-

- 633 -

a

I

•nn•

fri
0-

a

1	
CV

CL L.
c
cs
cu bIL	 1..0

c 

INC'4
Li

CL
:71 z _,

1	

_ii

S	 1	

I

I	

I

I

1	
s
I

1	
I	 1	 I

S

n

Li

I	
CI.	 ..*

0."..... i
in....

.-.

I .-.	 I
••••••	 VI	 ILJ	 an•n•

I	

... c
11	

io

d

IS :a-z.	 %.1 gr

CI
VI =

in

o d
55

cuS	 Tli •n••

Co
Cs1

OMNI

\
%

St

.42

some

4:1
CL,

-
n•n•n•

e
E

43 •••••
....

..tI-

.5-
C
U
E
U
=

(N) Pvol



02

0.4

0.6

0.8

1.0

-

- it
i

/

0.1	 0.5	 1.0

r/r0

5.0
	

10
	

50
	

100

./41
4. ..... ......n+„.—k....t....Ø......41

/
de-A	 •A	 /34

Sr....••••••

,

Zr,
	. /z x	 yr

of/	 •

,

	

t,	
Elastic pile e
line indicated by

lement

•	 • LPC 2 (ct=1),Lf =0.5 ,Ep=30x10 6	P1
+--+ LPC 2 (a= 0.5) If = 0.5 .Ep= 30 x10 6	. P2
ii--Ai Linear elastic - plastic , Lf = 0.5 ,Ep=30x106 P3
o--o Linear elastic, Ep= 30x10 6	P4
x.--x As P1 but with Ep=30x109	P5

/,

,Q' 000.0.
0

/ doex

Figure $.23 Normalised surface settlement profiles for 30 m long pile.



Contour
Level	 (Ye)

A	 0.001

0.005
0.01
0.05
0.1

one of plastic
ehaviour close
) pile

Figure 8.24Deviatoric strain contours for Lf 0.5 with 30 m long pile — Run Pl.



am/

5

a,
0.

15

Linear elastic P3
—plastic

LPC 2 (a=1 ) P5
E p = 30 x109 kPa

30
li,
• 	 20

25

x-

30

Normalised shear stress : ts/Cu

0	 0.2	 0.4	 0.6	 0.8 1.01.0

Figure6.25. Variation in shear stress with depth at Lf a 0.5. for 30 m long pile.



5000 -

Rigid footing ZiD =5.0

Triaxial Test MR 2

0.2
	

0.4
	

0.6
	

0.8
	

1.0

Load factor
	

If

'I 4000

1000

IMP

Figure 8.26 Variations of apparent -modulus with load factor for a rigid
footing and a triamial sample.



5000

rigid 30m long , 0.75 m dia
pile, Ep= 30 x 109

--- - 4000

•

61)

-0

• 3000

-o
cu

.—

0

1.
0

1000

/(tPricoc)

N

0.2	 0.4	 0.6	 0.8	 1.0 1/F5

P•
indicates load factor for
yield of 1st element

?e

Load factor ihmax ,P/Pmax .

Figure 8.27. Summary plot for variation of apparent modulus with load factor.



it
a)

4.1
14-4
0

a...

E .8.1
to

— ..i. 
E......	 .0co

44
0

.11...	 d)

0 4.s

Al	 4.

E
a)

Al 
4—i
•04

4— 04
4n

CU • 4)

— m	
0
.0

0

i.i
0 •

144 .....
CV

a) co

Zc7‘
z 7.:.
U

w
U r.,

— CV	
0 11
CO 14
lEl RI
0)

.-I
.1-1 .0
4.1 cl

0) gd
00
1W

1:1 c)
al .r4
0%*

•••1 04

Ma

I	 i	 1 

t=>
VI	

C,

le—	
c)	

c)

4,--	
u-1

( NM )	 P1301



3

1

200	 400	 600	 880

Bearing pressure (kPa)

Figure 8.29. Load-settlement curve for a plate loading
test at Chelsea.
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Figure 9.1. Shear stress-depth distributions for a jacked pile at
Canons Park, after Price and Wardle (1982).
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Figure 9.2. Load—settlement for three types of
pile at Canons Park, (0 to 5 mm only).
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Figure 9.4. Pile loading frame and reaction arrangement.



OPPOSITE 

Figure 9.5. Pile testing arrangements at Canons Park.

TOP	 - Loading frame, reaction beams and instrument cabin

BOTTOM - General view showing stacked kentledge and test-
bed position.
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Figure 9.8. Identification and Location of
Load Cells
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Figure 9.9. Long section through axial load cell.
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Figure 9.10. Schematic diagram of a local load cell.
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Figure 9.12. General view of local load cell body and sensing
components.
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Figure 9.16. Local load cell undergoing calibration.

TOP	 - Dead weight test apparatus and orion data logger.

BOTTOM - Detail of load cell in cradle with_ load bearing
in place and horizontal force being applied.



V*11':::'.'11.1.	 _

--...._.,.,.



// / / / /Y / /// Vertical reaction

Cross piece

\A

•I*1•101n11

•OMIC*

4-- Blocks of Stellite tool steel

Hardened steel rollers

Load cell
IIMI 1•I1M

4,...-- Pulley and	 cat

Horizontal	 for
system

bod !cg

1
nn•

1

1

1	 I
1._ .11nn 	 In1,	,1.n J

I

!el cradle --•

	1------Horizontal
reaction

tt
 Ram force

supplied by
dead weight
tester / / / / 1 1 1 / 1 /

Figure 9.17. Schematic diagram of local load cell calibrator.



Figure 9.18.	 Piezometer cells.

101 mm

I.

101 mm

Piezometer
cell body

Transducer
block

tuck PDER 81
ransducer
eated into block
n ith Loctite

•	 .
0 ring seal

PTFE coated cable



M

-

-

-

=

m

M

_

Axial cell 5

WIANN 77-"NN

1 _

4

5

Axial cell 2

Local cells 3.4

Porewater cell 2

Porewater cell 1

Local cells 1,2
Axial cell 1

E
...-

2
I;
t_

MI
C

g

Dl

o 33t
c) 3

15.0
..c
4
CL
W

C3

Axial cell 4
Local cells 7,8
Porewater cell 4

Axial cell 3

Local cells 5,6
Porewater cell 3

6 _

Figure 9.19. Configuration of instrumentation for pilot test at Canons Park.



1 1 1 I

-

-

-

-

I?

lf.	 E cu
cv >

r.NIC	

• 

• .0 :L.-
CJ 0

I

I

I

'4

CN1 rn	 -* In

(W)) 1 'D tA 01 a q 44dap 4Uawn.J4sul

ts.1
	 Ln

( wriD moiaq 44dap 4U9wn.J4sul



U kN/m2

200	 300
	

400
i

0.33m behind pile tip

1.22m behind
pile tip

100 0

-

4

5

-

_

100	 200
1	 I

0.33m behind
• ,/ tip

2.22m behind tip

Figure 9.22. Variations of pwp with depth during installation, traces

for individual cells.



Ia 1

-

...

- 673 -

OM.

0

0.
..le

=

( lig ) TO Moiaq tuba
—

r=r
.	 rm

1., rn
b

F.

CD
IV ort 41'

( w ) TO /4°I aq 44.0

( im )  7 '9 140 1aq 144daa



II

rn Ln

0 I 4

C:o
CnI
gi•

1



N CD
g— V3

I-1	i
r•

CI

"E.

I	 I	 I 

rn

Cs
CV

I

....t

I	 I	 I 

IMP

- 675 -

.................-----___
n•nnn=:>•n•411

rn



3.98m depth

	0.- 2.99m depth

200

max. for 4.97 m

500

crr

kPa)

400

•- max. for 3.98 m

4.97m depth

300

.for
9m -41

I	 1	 1	 .	 .	 I	 1
200	 400	 600	 800

Time ( hours )

Figure 9.25. Variations of a
r
 with time after installation.



o.

E
o
f-

48.-

E
CV
CV

CV

all

-

+- 
••••••

87

I

1

1

1
+

\

••....awn

i	
Cb
c:o	

co
0	 CL	 t 0 t "'""—t

RI	 CV	 .4n

2 + •
( Da) anssaJd and	 .= E E.in

0.	 cm	 4'4

a cv 44
••n 	 (4

•

E
R1
ell
c:i

0



VI
a..
0
0
X

8
CVI••

..

0
$

..

I	 I 

Ca. 0	 a

3!	 C!'...e	
CO'
re'' il§

0



•

•

critical state region

E.

..4	

•

.-.

... • •
•••

ME

i

	

I	 I

	

I	 I

	

I	 I

	

.:I	 I.
1

.... I
. • ••
• •

• •

:...

Yo ct
 =2 %

•

025%-'

dilatant region

• . •

•

for undrained triaxial
tests , EA -"- 1.6 yoct

1

• •

0	 1	 m

Yoct=

Figure 9.28. Predictions of extent of dilatant zone during
installation.



1

1
52
hrs

- btiU -

U, kPa

-100	 0	 100	 200

u , kPa

300	 400 0 100	 200

1\\

\
3

11 1

4

I

	

I	 I
5-

2464
I 100 hrs

	

hrs	 400 hrs
960 hrs

pwp before
installation

Figure 9.29. Profiles of pup at given times after installation.



- 681 -

CV 01

(n) 44"0

,/
- ,nnnnliC

......416.,
,......	 ......

.......	 .......
...... ......

......

CV rn ifl

(111) 44daa

C
0
=
0

—
CI
4-
V)
C

.....414111

n111.•



Axial force (kN )
Tension	 Compression

16	 8	 0	 8	 16
I	 III	 I	 1

/1

1	 2

4.6

Single pile after installation

Mid pile in group after installation

Figure 9.31. Residual stresses after installation (from Cooke
et al., 1979).



LSI

I-

C
nIP

a)	 .-1
LaCD	

t..$

C 1:1	
CS

•—i
*-13 0
O 0	

g-

ar	
a)g_ • nn• 	

.4.

1:3	
4-

= IJ .4.-	 li

CU 0 C
LJ	 inal
mi E E	

c_
m
o

0 ew CU	
mC

11‘.

CU "	
L.11

O CI 0	
Irl	 +/N

X 0 CU
— .0	

rn

< Lnin

+ s 	
1

/ \ / I \

I

A ///\ / N\ //	 \-J / \4	 `-"/ 	 I
1	 +	

01
Ul C

/	
a) :5e
.I.. I..0
M cl

I

/	

1	

C ••-%
. _
E g-

ar
in .. _./

I
I

/ 

CS

I
Lt1IT1

dam



-

-

-

-

-

-

-

-

.

- I"'
qM110

CO

tn

sO -

U-1

rrl

C•J

MMI

I	 I	 I	 1	 I	 I

!SI	 C:e
11	 S..

( NN) a3J01 IDIXD iD401

CsJ CZ+



••nnn••n ci I C.4

emn

CCP

8

C•n•

3

C.1

4.4

1.11

•0

cr

Dl	 ao

.171	 .0

0	 cs

o	 ft,
CrI

t o
•MMA

0.

GO

.0

—....

tn In

3
IN4 ) pool uo!suai 	 I	 ) consaJd J4OM a.%



•
Ce1•

CU
1.1

0
00

44.4
44

— 686 —

CSI
	

In
	 Ln

( w ) 144dea

C 4
	

rn
	

LII

( U.1 ) Li4d20



—.

—

—,

—,

tn
C

Cr
c) L-.
0 QJ
CNJ 4—

4—
ci

Int—
• c0 7

I— 0=

Cr
Cr
...t
(NI

Cr
0
sO
g-

0
Cr
....t
ri-

—,

—.

Cr
0
tnJI-

—,

VI

) I r

4—
V)
0.1

4—

V)
CC
CD
r 0 x

c) cD
cN4

+
Cs
CNI,.— Nt—

c,
c)
g—

c) c, 0



4.1

cs
irn

CC I.

Ga

al

ea

ca

••4

al

nIM

GO

a-

cl

at

Ga

C•sl
GO CO

C.1

ea

n

•.!
C%1	 ••••

saaJbap .9
•u.i	

•0

0.1

8
S

Cs
cs
c• C

1.4

4r—

CO Cs,
111
GI

— 420 co t‘t

ct.

0 n••nn• c"
a
ea
E

vs

c
0

0
Ga

II

4111.n
GO



Figure 9.38. Dependence of p i 1a/p' 0 on OCR, from Chapter 7.
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(a)	 Parameters for Non-linear Modulus, Equations 10.1 and 10.2

A n 623 A' n 587

B n 643 B 1 412

C n 0.0007% n 0.0007%

a n 1.349 a' n 1.400

a n 0.6385 7' n 0.797

Min	 M E 0.003% gv min • 0.003%a minv3

Max -TT " xa max ' 0.25% Ev max ' 0.2%

(b) Parameters for Modified Cam Clay, Variant 	 See Appendix

v n 2.25

X n 0.10

k n 0.0077	 (0.03 for OCR 8)

• n 30'

Nvorslev surface gradient w.r.t. horizontal n 7.5%

Table 10.1. Parameters for Element Test Studies

Group Depth range vl X k 7'	 (KN/ms)

I 0 -	 20 m 2.00 0.078 0.0260 12.0

II 20 -	 40 m 2.10 0.083 0.0110 11.3

III 40 -	 70 m 2.25 0.100 0.0077 10.7

IV 70 -	 82 m 2.20 0.091 0.0070 11.1

V 82 - 170 m 2.20 0.091 0.0070 11.1

Table 10.2.	 Parameters for Layers I to V
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Group Cvs Time factor, Tv Z dissipation

m 2 /yr 6 months 10 years 6 months 10 years.

I 2 0.88 17.6 30 90

II 6 2.64 52.8 50 95

III 12 5.28 105.6 70 100

IV 12 5.28 105.6 70 100

Table 10.3.	 Estimates of the rate of equilibration after

pile installation

Soil Group a'r/a'r initial

I

II

III

IV
,

6 months after
Installation

1.0

1.0

0.9

0.9

10 years after
Installation

1.5

1.5

1.2

1.2

Table 10.4.	 Estimates of radial effective stress changes at

pile face, for two stages after installation
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Layer

Stresses at pile face

ezWzo	 erie zo	 ett/ezo
Undisturbed

Ko

,

I	 0 - 10 m 1.65 1.4 1.2 1.62

I 10 - 20 m 1.15 1.1 1.0 0.95

II 1.30 0.72 0.60 0.72

III 1.0 0.50 0.45 0.55

IV 1.0 0.50 0.45 0.55

V 1.0 0.55 0.55 0.55
,

Table 10.5.	 Effective stresses at the pile face, 6 months

after installation

Layer

Stresses at pile face

cr'ziezo	 e rie zo	 esiezo
Undisturbed

Ko

I	 0 - 10 m 1.80 2.50 1.60 1.65

I 10 - 20 m 1.80 2.00 1.40 0.95

II 1.7 1.08 0.90 0.72

III 1.4 0.70 0.46 0.55

IV 1.4 0.70 0.46 0.55

V 1.0 0.55 0.55 0.55

Table 10.6.	 Effective stresses at the pile face, 10 years

after installation
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Gauge Change in

Eccentricity

Change in Pullout
with 3,00(1 tonnes
total load, mm

Rotational
stiffness

tonne miradian

SG2L 2.3 to 0.77M - 0.28 146 x 106
11 0.77 to 0.00 - 0.13 150 x 106

SG3R 2.3	 to 0.77 - 0.35 112 x 10
6

II 0.77 to 0.00 - 0.21 93 x 10
6

SG4L 2.3	 to 0.77 - 0.32 122 x 10
6

It 0.77 to 0.00 - 0.20 98 x 10
6

Table 11.3. Rotational stiffnesses calculated for pile groups 

(N.B. Active pots are assumed to be offset from group centre
by 8.5M along X-30)



Quantity

Prediction

(based on F.E.
analyses)

Measurements

Template

Fl

Template

F2.

Uplift at 3,200

tonnes' w.r.t.
a remote datum

1.87 mm

not observed
1.78 mm

As above, w.r.t.
a local datum

0.96 mu 1.20 mm 0.85 mm

Moment-rotation
stiffness of pile
group, w.r.t. a

remote datum

113 x 10 6

tonne m/radian

not observed 93 to 112 x 106

tonne m/radian

As above, w.r.t.

a local datum

163 x 10 6

tonne m/radian

146 to 150 x 10 6

tonne m/radian

98 to 122 x 106

tonne m/radian

Table 11.4.	 Comparisons between predictions and measurements for

the Hutton TLP pile group

1 This is a group load, equivalent to 4 11N per pile.
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Figure 11.1.	 Simplified borehole log BI/BIA.
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Figure 11.2.	 Simplified borehole log B2/B2A.
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Figure 11.3. Simplified borehole log B4/34A.
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Above

Figure A6.5.

OPPOSITE

.	 -
Oscilloscope traces for mercury filled tube, one time
division is equivalent to 50 ma.

Below

Figure A6.6. Oscilloscope traces for water filled tube, one time division
is equivalent to 10 ms.



11•111U.S •1111.11111111111111111111110111111111.111111111E111111111U



4

clear
tubing with
scale

Dual mercury
pot water
pressure lines
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Differential
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Figure A6.7. Apparatus for the calibration of differential pressure
transducers.



OPPOSITE

Top

Figure A6.8. Active pot, painted in Epoxy Coal Tar.

Middle

Figure A6.9. Active pot, top view showing transducers and space for
signal conditioning.

Bottom

Figure A6.10. Passive pot, general view.
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Figure A6.11. Apparatus for the calibration of settlement gauge.

Figure A6.12, (on following page). Photograph of gauge undergoing
laboratory calibration.
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Figure A6.13. Scatter plot for settlement gauge errors from a best
fit line.
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OPPOSITE

Above

Figure A6.I5. Packaged equipment being lowered into position on Leg A4
at Nigg Bay construction yard.

Below

Figure A6.I6. General view of Leg A4 at Nigg Bay, note man in blue
overalls standing at settlement gauge location, near
to left hand top of pile guide cluster.
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