CHAPTER 1

Figures
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Tables and Figures
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dex Reference Penetration Diameter L/D Mean Cu Mean Cu/g',, Overall Atterberg LimitsZ Set up Comments

o Metres MM kpa a LL PL PI weeks

i1 McClelland and 30.5 610 50 52-86 0.54 . 0.59 50 25-35 0.1 to 1.5 Pipe pile (open)
12 Golder (1970) 48,2 610 79 64-86 0.32 0.59 " " " "

13 McClelland Eng. 43.9 305 144  28-622 0.18-0.41 0.46-1.1 ? 40-70 7 "

3% " " L " 38-43 0.23 0.79 ? 40-70 " Field Vane Cu Value:
% " 33.5 326 103 35 0.29 0.86 ? 40-70 1to2  Pipe pile (open)
15 " 33.5 324 103 49 0.45 0.56 . 40-70 " "

16 Darragh and Bell (1969) 30.5 324 94  45-812 0.38-0.48 0.49-0.65 50.100 20-50 3 closed end pile
17T McClelland Eng. 20.3 324 63 113 0.71 0.47 ? "high" 1 open pipe pile
}:] Seed and Reese (1957) 7.0 156 45 12 0.24 0.80 42 24 18 4 closed end pile
9 Blessey (1970) 30.4 508 .oo 24 0.24 0.96 ? 750 ? " " "
0 Peck (1958) 24,4 324 75 . 61 0.62 0.56 ? 730 1 " " "
1 " NqMa 324 85 61 0.55 0.55 ? " 1 " " "
2 McClelland and . 101.5 356 285 10 0.18 0.92 - ? 40~-70 3 open pipe pile

Lipscombe (1956)

Notes: (Pile tests are in compression except where the symbol T by the Index No. indicates a tension test)
1 Penetrations have been adjusted for any superficial sand layers, with appropriate reductions in total shaft capacity.
2 Ranges of Cu, Cu/g'y and a have been extended by the use of confined triaxial tests in addition to unconfined
compression tests.

Table 2.1 (¢)



- 386 -

Range of Plasticity Index < 207 20-50% > 50%

Z of Pile Tests 44 27 29

Mean o values 0.52 0.64 0.78

Z of tests with Cu/o’ < 0.5 17 0 42

Mean set up time 1.77 4.50 4.64
(weeks)

Division of Pile Tests by Soil Plasticity Index.

Table 2.2

A value of Cu/o'v below 0.5 indicates an overconsolidation

ratio below 2.0 for most K, consolidated clays, Ladd et al (1977)
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SU . kPa
02 04 06 08 10 12
T T T L) I
U U
CKoUDSS
uu N U Unconfined Compression
]V Unconsolidated undrained compressio
- cliv Isotropically consolidated undrained
compression
o CKoTC Ko consolidated undrained compressi
CKo UDSS Ko consolidated undrained direct simj
shear
1 1 1 1 1

Figure 2.1, Average undrained shear strengths in the Boston
Blue clay at MIT campus, showing the sensitivity
of Cu to the method of measurement, after Morrison (1984
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a=Trz/ Cu
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Figure 2,2,
Sensitivity of a to Cu test

method; Boston Blue clay,
after Morrison (1984),
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Figure 2.3.

after Caston (1977).

Isopachyte map of total quaternary thickness in North Sea,
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Figures 2.4 and 2.5. Histograms of Atterberg limits and grading curves
. prepared by Hight (1983) from a survey of several
Northern North Sea platform sites.
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Figure 2.9.
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Figure 2.1Q. Comparison of strength — OCR scatter from API data base
sites and North Sea zones A and B.
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CHAPTER 3

Tables and Figures
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AFTER GENS (I1982)

TABLE 3.1

GENERAL STUDIES CF CLAY BERAVIOUR

TRIAXIAL PLANE STRAIN | €S
1c AC KC | 1c AC | AC
Cley Reierence
twliphpeulofulo]|u o| ulo|u
CE|CEICE|CE|CE[CEICE|CE|CE|CE
L Y ARFAEE >~ : ll - 4 4 48 4B Gens (1982)
n ] i 1 | !
2 | Drommen S7127' I P |-~ [ B | Ancersen et al (1980)
gam | | i ! i
32 !Kaolmute | 48 ' 1€ I 2 - | | « [l H Broms cng Rewrem  (19€3)
! 1 | i ]
A lEuckshot lS" 35! RV " l | A Donagne ond Townsend
| ! ] -
| s learsL 7 les R} T 7 (1975 ,157)
Son Froncise l ] | ' ]
€ !Scy Mug gelses |t 1 i Duncan_and d (1
1 | !
7 |uooos |51/l sy __E Y — Crooks and Graham (1576 )
i 8 IKinneccr leaslersi 1 V N - B4
f | ) | |
% 132 | R M BV Belesubramaniem (19€9)
9 Spestone l L1 1 | I mamoly (1972)
Keolin 723k R : L : ' . E rr hembly enc Rescoe (19€8) |
72 1321 R P oy 1 1 Perry one Nedorojeh (1874) |
b1 I 1| ’
7€ ;7! R i Sketchiev ond Bronsby (1872
| i
7 33l R Thurgirgich  {1962)
| ]
N/A N/AI R B | Wreth ond Loudon  (1967)
'Scft ' | ] Sciesubramaniom ond
10 | Banckok neirs ! Choudry (176 , 1978 et o1 ¥g78)
| ] Scicsuoremaonicm ong
11 *Wecthered -.za'izI 'l A A i 1 Zue Minc  (1580)
. ' ' ] ! ; Saicsubramaniam ana
jBangkok {453l ag | 1 e I i Dedin . (1677)
| | [ |
L3 |2s R Ty i Henkel (195€ 1S5S ,1960)
!
12 | Weald wl2lr h’—n Henkel gnd Sowa (1963 )
| !
L0120 VR ¢ | ! Henke!l ond Wede ('0£6) |
cals | n pemrm—— Borry (1080}
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TagLe 3.1 (conte)

TRIAXIAL PLANE STRAIN|SS
ic | ac | ke ic | ac
Clay Reference
wirifyed uloju|oju|o]u o |up
ceicelcelce|celcelcelceicelce
I ‘!7 l l — + 10 10689 ¢
13 | Lonaon .52 R',l] — _; T : kel (555, 258 J5R0)
2l ] R T T T I Porry (19600 i
s . l ’ﬁ o
‘sa.s!ze.s R WV | 4 1 ' Kherc ana Krizek (1987) |
. ] L ) ) ]
14 | Grundite |g) |y ol o T T ™ Khera cmo Krizek (1868) |
] I I | | | ( ! ]
lsc.s:ze.s R H I T | Perioft and Osterberg ('SSL)‘
25- L 1 i | | 1 ‘
15 IMerine 45'15] N - I8 - . \ f Koutsoftas (1981)
1 1 ) 1 H | | 1
16 | Kewesoki l38 3 "’ ; "' ; E i ; n | : ‘| Lodd (1965)
17 18uckshot 1.39 bl A | A ] J ' i ,
i 1| [ M A )
18_|Portsmouth | 35} 15‘ I | 48 P B
| ' |
19 {Portiend LL 2o| I i 4 ] | A
] ] | ] Ladd ond
|20 IBongkok __lesleil T P — 7 1 1;
IMcmc | S | ! Edgers (1972)
121 lorgenie GBS AN 4 - - 0
] l ] ] t §
22 | Atchafciove '351 75‘41’_ Ly ! W_ﬂ:
Comnecticut | 65| 35 | r ] i | ) |
23 [Veltey - 13813211 — Y - yr—gr‘]
) ! [ ! } ] ] | i
L |21 R ] " T ] Ledd end Varelivey (19€5)
Boston Y ! ’ T 1
2 | Blue ARN ' R T 1 Lodd et al (1971}
i i ' | ’
L i211R L ! Bl lcca_ond Edgers (1972)
) [ ] | ‘
25|Kcolmlte I&NA] R -'——'. _ r — : Lee and Morrison (1§70)
% iHoans  13l17!r pr —— T
valiey of | ‘ ] [ 1 [
27 | Mexico 36s'esi T Yy | 7 Leon cnd Alberrc ({1€77)
i ! { ] ! |
28 lroukardo 5.0 52 1 21| & | = T ] ‘
| | ! 1 Mi - . |
29 |Hoikordo s8l 511 21| 7 pT—x ] itachi end Kitago (1976)
| b |
30 | Hokkaide 721321 R BT B ( T
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TABLE 3.1 (contd.)

TRIAXIAL | PLANE STRAIN | S5
c | ac | ke | 1c | ac |ac
Cicy : Reference
(P {soelu|D]ulDluU v ulojup
c E'CEiC E|C E|CE|CE|CE|CE|CE CE[CE
1 | | ) i
31 { Sopporo as 'Lgl R ol ! Mitocni ang Kitego (1978)
| _l [
86 |49| R U ] Mitacht and Kitaoo (1880)
i i ] )
32 | Keolinite LI 9 IR n*lr : ﬁ. f | Murthy et ol (1961)
3 1 Silty 821221 R L [ }
~ I'Caleium ! 4 1
3! u;lvte 'ES lLG 2 - B ) ] ] ! Qlson (19£2)
} I P
3% | Sodium gs |50 R B I ] Olson (1952)
illite I ! ! i ! [
! 8% '50 ;8 - i ] T . ) ! ! Olson onc Hardin (1963)
Calcium | ] ] | ] i
36 ' Montmor. 200.157_R_h—7 ! ] 7' ! Mesri and Olson (1670)
lSoowm L SJ ! : bt !
27 | "Montmor. hOSO NAI R P77 1 { T
Sianey I I ] [ ! . L
38 | Keolin sclisl PPV M K ] ' Poulos (1578)
| | ! i |
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. Wl | ! 1 |
L0 !O'slo 3¢ 118 ' r ] Simons (1960 b)
I ' i 1 | ] L
&) | Honev wotis 1 1 i N YPYPY | Vod and Comocnelic (1974
| i ] P {
42 | Glec:al s {27t R PP \ T Wu et al (1853)
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| |
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TABLE 3.1 ( contd.)

Tests carried out on samples at several OCR's

Tests carried out at OCR =1

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

Isotropically Consolidated Samples
Anisotropically Consolidated Samples
K - conselidated samples

Undrained tests

Drained tests

Compression tests

Extension tests

Simple shear tests

Liquid, limit

Plasticity index

Samples reconstituted in the laboratory

Undisturbed samples
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Total Stress Mod.Cam

Test Laboratory | MIT model Z error | Clay Z error
Type Result Prediction Prediction
(all ko consolidated)| Cu/o'y, Cu/o'ye Cu/o'yo
Plane Strain Active 0.325 0.365 127 + 0.340 . 52 +
Plane Strain Passive 0.250 0.150 402 - 0.340 367 +
Triaxial Compression 0.325 0.325 0 0.295 102 -
Triaxial Extension 0.125 0.125 (4 0.295 230 +
Direct Simple Shear 0.200 0.260 307 + 0.340 702 +

(DSS)

Notes

(i)

Measured ¢' values fell between 40° and 33° for all tests.

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

(1979). include the assumption that (¢')TXL = 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)).
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Radial Distance g 'r/Cu o'y/Cu o 'z /Cu Au/Cu
from centre
rer 1.5 0.5 1.0 4.5
r=5ro 2.0 0.5 - 2.4
r-10r° 2.2 0.8 - 0.9
initial values 1.6 1.6 3.0 -

Notes

(i) Cu is taken as 3 x ¢!
vo

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

Table 3.4

(see Table 2.4)

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 o'r/Cu o 'e/Cu o'z /Cu | Au/Cu Vertical Distance
from centre from Tip.
r=r_ 1.1 0.7 0.9 6.5 0
r-5ro 1.3 1.1 - 2.9 0
r=10ro 2.3 1.4 - 0.9 0
r=r 0.5 1.0 1.5 3.3 12.5 r

o o

1"51 1.1 1.0 - 2-7 12.5 b o

o o

r-lOro 2.0 1.3 - 1.7 12.5 L
initial values 1.6 1.6 3.0 - at all points

Table 3.5

Notes:

(1)

a deep layer of Boston Blue Clay.
solution for OCR = 1.0,
(After Levadoux and Baligh (1980))

Predictions of stresses around a cone or pile penetrating
MIT strain path
with the total stress Model 1.

Results near tip are taken from solution for 60° cone.
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Feature Model Tests Field Tests

Ability to obtain representative v. difficult Not difficult
boundary conditions for test.

Severity of cell action effects | Considerable Generally less
for transducers installed in soil

Uniformity of clay layer Good Generally poor
Ability to control Cu, OCR Good Generally none
Knowledge of initial stresses, Satisfactory Less satisfactory

pore pressures, 8oil properties

Time scale, costs |Generally less Considerable

Method of Installation Usually Jacked | Usually driven

Table 3.6 Comparison of Field and Laboratory studies.
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Reference

Comments

1.

Lo and Stermac (1965)

3 case histories of measurements in

Ontario,

(1) 2 Model piles, l4m long, 0.09m
diameter installed in soft clay

(11) Test H piles, 1l4m long
installed in silt and varved
clay.

(111) 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.

S

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 pilese.
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. . . Stress on . ]
Rgference. leecfxmensxonsb(n) IDStﬁ pile Face Soil DPetails, Notes
Site Length Diam. Embed Dep:c Au/Cu  or/Cu 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
SiFrancisco (driven) 0.95 13.2 2.0 =1.0 14 18
Koizumi and [ 5.55 0.30 7.55 0.5A 3.2 <0 1.8 25 50
lto (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 4.5 0.20 4.5 0.47 2.3 0 =1.5 10 3-9
and
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 | 3.7 0.10 5.7 0.47 ? 3.0-7 =15 50 38
and
Johnson 0.61 ? 3.3-? =12 75 38
(1973)
London clay, 0.79 ? 4,7-1 =10 75 38
Hampshire (jacked) 0.96 ? 6.0-7 =8 75 38
Basin
'
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 ?
Forties, FD 0.96 9.9 1.6 =1.0| 200 ?
North Sea (driven)
5
Fathallah 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, 0.85 3.5 3.7 1.0 28 31
Kaolin (jacked)
6
((ﬁigzis;)et -1 3 0.273 9.9 0.2 | neg.| not 6.3| 86 4555
. to
Field tests (driven,closed end . -
Beaumont clay| steel pipes,single| 0.7 3.5 given 5.2| 158 12-17
7 and group )
A B
Francescon [0.410 0.019 0.410/]10.5 | 4.9-5.5 0-0.2 1 6 11-55| 31
(1984) Model 0.300 " 3.7-4.9 0-0.75 2 6 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 - 251 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 | " " 20 » 7.9-10 0-0.7 2.0 50 "
with Model " " 25 " 8-9.2 0-1.0 1.35 50 18-25
pile and " " 30 " 8.4-9.0 0-1.0 1.35 55 "
'PLS' cell " “ 35 " 8.7-9.9 0-0.9 1.35 60 "
(ii) MIT site (1 hole)
" " 20 " 7.0 0.3-1.3 .2 70 12-25
" " 25 " 6.2 1.4 5 80 "
" " 30 " 6.5 1.1 S5 95 "
Table 3.8 o echue "k“f* lengh
b eph o hp

<

\nct depth /b
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Notes for Table 3.8.

1.

2.

3.

4,

6.

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

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

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

in a two metre deep excavation,

There is very limited soils data for this case. Cu was
estimated to be 10 kpa, from Cu 0.3 o'y, Banerjee (1979)
gives a different interpretation assuming Cu/g'y = 0.11 + 0,37

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

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.

The installation was lost after 10 days due to cable failure

Fathallah consoclidated his kaolin in one increment of load, and
then relaxed the vertical stresses in order to install the
rile. 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, oe and gy developing before

installation,



7.

8e

9

The tests described by O 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 pwps , and

no data were available for 48 hours.The pwp data show the effects
of installat?on to have been incompletely equilibrated at th; 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.

Francescon reports two tests series, A and B,performed with
different boundary conditions and consolidation patterns. 1In
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 s0il 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 tanke The shear strengths varied with OCR, giving
11<Cu<55 kpa. These variations in procedure resulted in
congistent differences between the results of the two test

series.

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 HIT.campus
sites. The PLS cell was located 27 diameters from the pile
tip. 1In his thesis, Morrison prefers the use of o'y, to Cu
for normalising stress measurements. For this table Cu has
been evaluated from the field vane strengths reported for the

two sites.



- 406 -

Reference Congtitutive | Definition of Predictions for
Law Time factor digssipation of Pile Face
T
Initial T for 50%
pwpP. dissipation
distn.
Au/Cu| Tsp
Soderberg Elastic Cyet/ro2s - - = 0.6-1.5
(1962)
C.. assumed
v
Hagerty and Elastic Cyt/rol, Uifuo-rolr - =1,0
Garlanger Cy assumed
(1972)
Butterfield Elastic Cyt/rol,s Elastic - | 5.0 3.0
and during C found from plastic
Bannerjee consolid- v cavity
(1970) ation C = _].(—. (K'+ ﬁc) expansion
v N 3
Randolph Elastic Cvt/ro2, Elastic- 4.0 2.0
et al Cy found from plastic 3.0 1.0
(1979) , cavity
Cy= ko26(1-v') | expansion
(1-2v')
as above Elastic- Cyt/ro2, Cy as above 3.9 1.5
plastic as above
as above Mod.CAM K.Cu(o)t/ywr2 as above 3.9 |1.5x10"2
clay ° | (Mod. caM. | 3.0 |1.4x10"2
(A,k and G clay).
values input
to soil model)

Table 3.9
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Z
Reference Pile Soil Dissipation Cv, m?/yr.
radius,m
1 ] Reese and Seed 0.075 Bay Mud, 50% 2.5 to 15
(1955) approx.
OCR =1.0 .
2 ]Koizumi and Ito 0.150 Sensitive 50% 6.0 to 8.2
(1967) high PI
clay, 1.87
OCR > 1.5
3 |Roy et al. 0.1095 Sensitive 50% 9.3 to 16.8
(1981) clay,
OCR = 1.0
4 | Sutton et al 0.685 North Sea 15 to 30%Z 3.8 to 28.5
(1979) Clay
OCR ~ 1.0
OCR Cv
5 | Francescon 0.0095 Kaolin 50% 1 38
(1983) (Model various
pile, OCR's. " 4 5.7
Series A) " 8 3.6
6 | Morrison 0.019 Boston 50% OCR Cv
(1984) Blue 3.8 29
(PLS tests, | clay, 3.2 29
Sauguss profile 2,0 29
site) of OCR's. 1.3 46

Table 3.11 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 T, as a function of imitial

Au/Cu.

(ii) Oedometer C_ values are given in three of the above references;
Reference Cv Normally consolidated C, swelling
Roy, et al (1981) 0.3 m?/yr 32 m?/yr
Francescan (1983) 15.8 mzlyr 79 m?/yr

Morrison  (1984) 0.9 - 5.4 m2/yr 9-54 mzlyr
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eference Installed Depth Final o;/Cu(o) Dissipation | Initial Final/Initial
Z/B of excess |o0'y/Cu(o) o;_lo'r e el
pwp. (Estimated) initial
eese and Seed Mean of all 1.3 (Mean) 100 1.7 (Mean) 0.75 (Mean)
1955) points on shaft
o0izomi and Ito 0.5(B) 1.30 100 1.3 1.00
1967) 0.8(B) 1.43 100 1.0 1.43
iakholdin 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 3.0t 43 2.0 1.5¢
feil et al OCR  Depth Single Group Single Group
(1982) 6.3 5m 0.4 2.1 incomplete, | 0.86 0.5 2.5
5.2 iom | 1.1 1.9 neg.in placeT 0.79 1.4 2.4
Series A Series B Series A Series B
‘rancescen OCR=1 .0 3.0 (Mean) 100 3.2 1.25 0.94
1983) 2 3.5 3.0 100 2.4 1.45 1.25
'/E =0.5 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
;m deeply penet- 1.35 35M 2.5 100 2.5 1.0
rating model pile
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)
(ii) o'

+ indicates incomplete consolidation

values estimated from Brooker and Ireland (1965), where not stated in
source reference,
Measurements of effective radial stresses at the pile face after consolidation.
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OCR CuQ/Cuo
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 §' at peak §' past peak
1 14.4° 12.8°
2 14.9° 15.3°
4 13.1° 11.9°
8 16.8° 14.2°

Table 3.1 4 Pile-soil friction angles dedgced from test

Series A data, after Francescan (1983)
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Layer considered Range of Mean reduction in Mean value of
OCR o'r on loading to §' at peak
peak capacity capacity
Upper and Middle 2.0 to 52%Z in compression 30°
BBC 4.8
Lower BBC 1.35 50%Z in compression o
25% in tension 21
Table 3.16 Effects of pile loading measured in preliminary

tests at Saugus site, using PLS cell.
Morrison (1984)




(a) From isotropic consolidation

T
lhé (ﬁN
04} Plastic zone
5
0.2}

—lp

— Probes at constant
stress ratios

Elastic zone

SBS State Boundary Surface
U  Undrained stress path
+ Yield points from stress probes

(b) From ko consolidation

T ’
/:: Elastic zone & o
&} o
U 0;’\ .
02f ( M Plastic zone
0.2 0.4 06 08 10
P’/ pe

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 3.2, Strength — displacement plot for ring shear test;
LCT against steel, after Lemos (1985).

Total horizontal stress (kPa )
0 100 200 300
b} ] ]

,«— Suction tests

Depth (m)
~

6} ko= 3

' -

vr ko =2
ko=1.5

& QDedometer tests
o Spade cells (uncorrected )
® . « {corrected) (Tedd & Charles ,1983)

Figure 3.3. Measurements of horizontal total stress at Cowden,
after Powell et al. (1983).
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i

r\ limit to zone of yielded sail

intensely sheared zone

Outer, elastic , zone
’- — T

N

Figure 3.4. Schematic diagram of pile installation effects.

Heave wilume defermined

over 3Im radius surface zone
Peretration | Dameter | T
Heove volume 100 T . u — d

L
Pie volume 6 u v 2 3m 3w !
(%) r Pie A

[4.] 8 Moxmum penstration
(Y

‘o e

20F Ve — %

° Il 5 1

1 2 3 &

Penetraton of pile pant
below ground surfoce (m)

Figure 3.5. Ground Heave during installation, after Cooke et al. (1979).



- 416 -

.

{£86[) uedsaduUE1y I93FE ‘UOTIBTIEISUT I933® Y3Idop 3B SIUWDAOW [TOS TEOTIISA

*g*¢ 9an81g

% /4
S _a U € [4
or— -\GIG’ O=0 B GO
(€86L) uo3saNDIY
A ¢ O -
X (086L) Yicim puo
uol4o]|D4sul .
Jayo 4uiod o.mn_ 13juadys ¢ ydjopuny ]
(] uo14D))D§SUl
! ' o} Joud juiod
snipoy ad 9 -
jutod jo snipod oylu J .
JUBWANOW |DIIJJBA M

|

90

80

A

9l

O.-\)
02



- a1/ -

*(£861) uedSaOUEBIJ I93J8 ‘UOTIBI[BISUT JI93Je Yidap v sjusmeAomw [I0S8 TEIpERY

(EL6L) 2014 puD ¥y00)

(6L6L) Yjoum pup }13juad)S ‘ ydjopuoy
( €86L) uodsAdUD

0yjoJ judwddn|dsip

snipod 3)id

jurod uaaib oy snipoys DY)
Juawasow |oIpDJ

A

*l°€ ®and1g

4

70

“"'I'*?



- 418 -

Pile position

S o e
pile H
3F -
z

c [}
2F k‘“‘*ﬁ*‘*s I r  soil particle

\a\b N¢ Radial offset of field point
0o ‘N A~ .3 & 5 6 rt/n

Figure 3.3. Soil trajectories at depth during pile installation,
after Wroth et al. (1979).
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{a) Before Expansion

Plastic Region Elastic Region

(b) After Expansion

Figure 3.9. Schematic diagram of cylindrical cavity expansion.

6r
Kaolin Francescon
Au ra (1983)
(I.Io N
Randolph etal 11979)
6L¥ ‘Caoshn Blue Clay

i | —i-l.ondon Clay

Wroth et al (1979)

3
=

OCR

Figure 3.10. Predictions of cavity expansion theory for pore water
pressure increases at pile face during installation.
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28 " Sosten Biue Clay
ﬁﬂ.ﬂ e
24 .l‘;:l}mth ¥aohn
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20 Koolin imital O [Cy
Frencescon  (1983)

16

12

tendon Clay mal G;'/Cu
caiculated from Wroth etal [ 1979)

08
88C witiat O;'/Cu
0Lt toiculated from Rondoiph et al (1979)
O35 % % 6 71 6 9 _®

OCR

Figure 3,11, Predictions of cavity expansion theory for o'r at pile

face after installation.
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I

Figure 3.12. Predictions of cavity expansion theory for radial
distributions of stresses.
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Figure 3.13. Soil trajectories at depth during pile installation,

predicted by strain path method, after Baligh and
Levadoux (1932).
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CYLINDRICAL EXPANSION STRAIN, Ep %
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Figure 3.14. Components of strain developed during the penetration

of a simple pile, after Baligh and Levadoux (1982).
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Figure 3.15. Contours of octahedral shear strain developed

during simple pile penetration, after Baligh
and Levadoux (1982).
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1 = Boil
Velocities, V’.

- ¢
3 = SBtrain rates i

S = Initial stresses 4 - Strain path € i3 2 = deformations
U;j, u, along streamlines
¥
Model: deviatoric Model: shear induced
stressvs, strains pore pressures vs. strains
6.a Deviatoric stresses 6.b Shear induced pore pressures
s 13 Au.
1
Equilibrium
7.a Total stresses, 0,, 7.b Effective stresses, 3‘ 3
]

L N

8 - Pore pressures u

Figure 3.16. Schematic of strain path analysis; total stress models.
After Baligh and Levadoux (1982).
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Figure 3.17. Contours of pore pressures generated by conically
tipped displacement piles, after Baligh and
Levadoux (1982).
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Figure 3.19 a), b),c) and d). Predictions of o'r and Au for simple pile penetration
and cavity expansion strain fields. various soil
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Figure 3.20. Finite element simulation of pile installation, after
Fathalah (1978).
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Figure 3.21., Field measurements %? for Cu/cp=03
of pore pressures
generated by installation, after Blanchet et al. (1980).
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Ficure 3.22. Field measurements of radial stressee and nars nracaurae
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Figure 3.23,

Radial distributions of pore water pressure increases
due to pile installation, after Blanchet et al. (1980).
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Figure 3.24.

Strain path method predictions and field measurements of
pore pressure increases for long penetrometers in Boston
Blue clay., After Baligh and Levadoux (1982).
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(a) Rodial effective stress
(at pile face)
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Cu (b) Distributions of excess pore pressure within
5 soil mass at mid height (series A only )

Figure 3.25 a) and b). Measurements of installation effects for
model piles in Kaolin, after Francescan

(1983).
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Figure 3,26, Linear consolidation solutions for dissipation
after pile installation.
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Linear consolidation solutions for dissipation after pile
installation, after Randolph et al. (1979).
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Non-linear coupled consolidation analysis for
dissipation after pile installation, after
Kavvadas (1982),
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Figure 3.29. Predictions of final stress distributions around
middle section of a pile installed in Boston Blue

clay; non-linear analysis from strain path method,
after Kavvadas (1982).
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Figure 3.31. Relationship between 8' and ¢' for a soil which
is elastic before failure, after Martins (1983).
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Figure 3.32, Comparison between theoretical and experimental
values for tan §'/tan ¢', after Martins (1983).
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Figure 3.35.

T

The effect of a residual shear surface, with
tan ¢'y = 0.2, on the stress displacement curves

of a displacement pile, after Martins (1983).
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Field measurements of stress changes induced by

Figure 3.36.
pile loading, after Morrison (1984).
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Identification | Soil Models Initial stresses| Soil parameters
(Yield
criterion)l
A Sand-Mohr Assumed insitu |As shown on Fig.4.7
Coulomb Ko, distribution?| a=0.5 at interface
Clay-Tresca
B as above as above As shown on Fig.4.7
a=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 500Z.
F Sand-Mohr 'Cavity As shown on Fig.4.8
Coulomb,Clay— expansion' (Parameters from
modified values3 Drammen clay)
Canm Clay
G as above as above As shown on Fig.4.9
(Parameters for
Hutton site)

H as above Assumed As shown on Fig.4.10
insitu K, (Parameters for
distribution?| Hutton site)

Table 4.1 Summary of parameters for Analyses A to H.

Notes. l. 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
for full consolidation after installation.

bound
The vertical

effective stresses were assumed equal to the overburden
values with 0'g = o'y = K, 6'r and kg value taken as
(1-Sind').
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Figure 4.1, Finite element sinulation of Model pile system, after Martins (1983)
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.Figure 4.2. Finite element simulation of a segment from a long pile,
after Martins (1983).
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Figure 4.3. Predictions for Model pile shear stress-displacement relationships.
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Figure 4.4. Predictions for a segment from an ideal pile.
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Predictions of o*r' over the shaft of the model pile.




CLAY E, =7.2010% py =0.49,Cy =180, Ko=2.08

SAND E=443010% =03, =30°,v=15Kz05

srrss 77 IR 000700

CLAY Ey=72010% 7049, Cy=100, K= 1.7

SAND E=8.19 010203, (f =35, v =17.5"Ks05

CLAY E,=848¢10%,5049,Cys212,Ko=0.7 Figure 4.7. Assumed soi

CLAY E_=10.0 ¢10*1,, 20.49,Cy=250,Ko=0.7 properties
and initi

CLY Eys80e10% i, =049,C,s200 , Kou0.7 nd initial

PP IOIIIII IO IIIIIIAEIIIIIITI OIS P ELEP I EIL S

stresses fo
runs A to C

SAND Ee115810%1120.3,0=35"v= 175 K=05

CLAY E =12 0¢10% 1= 049,C,2300, Ko =08

E,Eu ond Cy volues in kN/m2

05.0CR =10, V=3 57, A= 0.26, 6005
ECL" 39:30'. 6 =9000 kN/mt

Ko=10, E 244300 kN/m®, p =0 35 ,v= 15° .
SAND (v-Ogo! pile interface)| Figure 4,8, Assumed 80!

K#05, OCR =10 , V= 3.57 A=0.26 K= 0.05 properties
CLAY ¢'.30", G=16200 kN/m? and initia]
stresses f«

run F,

Ko= 1.0, E = 82000 kN/m?, s = 035, ve 17.5°
SAND 4'235° (v = 0" at pile interface)

=05, OCR =10, V,= 3 57,1=0.26 ,K=005,
cLar K0, O = 26500 m]r‘nl .

=0.5,0C 10,V=357,A=026, K=005,
cLay  Kox03 00k = 0 Y s =

Ko=05,0CR=1.0, V,=3 57, A=0.26, K=0.05,
CLav ¢ =30°, G=50000 kN/m?

FIRAPISIISSE ARV OINIERTNIINIENIIINRIIIIRIOEIT

¢417

SAND Kos1.0,E =115800 kN/m® .y « 035 ,v=17.5", f's35°

Ko=05,0CR=1.0, V357 A=0.26,K=005

QLA ¢'230°, G=75000N/m®

in all mses O = Oy = Koy}

A = siope of virgin consolidation line in v-1n (p) space

K = slope of swelling line v-1in () space

V; = specifc volume at umit pressuré on virgin
consolidation line

vsongle of dilation , E =Young's modulus

Gx=shear modulus , p = Poisson’s ratio
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Figure 4.9.

Figure 4.10.

V, s specific volume ot unit pressure on virgin consobdation

v=ongle of dilation E=Young's Modulus
G=Shear modulus  u = Poisson's ratio

Assumed soil
properties
and initial
stresses for
run G.

Assumed soil
properties
and initial
stresses for
run H.
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€f . R, and€P, = the principal plastic strains

Figure 4.12. Strain softening at pile face for run B above, and run C
below.
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Figure 4.17. Distribution of stress measures, over pile shaft, runs A and D

at Lf = 0,5.



Pile no.

Points Distance (m)
1-5 16.43
5 13.97
-5 8.22
-5 2.45
-C 5.86
-B 8.26
-A 5.86 ( For a remote datum r is 50m)

Figure 4.18. Plan view of Hutton TLP pile template, showing distances

between piles, and definitions of points L and R.
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Group load per pile, MN

0 1 A A 1 j | ] i |
20 40 60
Relative displacement between datum and pile group
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Figure 4.19, Load-displacement behaviour for a pile group Run A.
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DEPTH TOTAL NO OF AVERAGE TOTAL NO OF AVERAGE
(METRES) 'GOOD' SAMPLES LENGTH (MM) 'POOR' SAMPLES 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 investigatiom

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

Ui 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 mm 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 5.7.
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4
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BC
€ = (AB)QL
for small © and AB remaining

vertical

Figure 5.8. Strain-tilt relationship for electrolevel gauges.

.

somple
rotation

c B B C - B C o,
7/ 7777 OL’ |

(i) non poraliel end before test, (ii) tilting caused in eorly stage of test
electrolevel axes horizontal 8, positive , L7 negotive

for similor triongles experiencing small rotations , with angles in rodions
6, 6+ € (AB)
L1 L -Ec

o2= -0 + € (Aé)
BC,

Ey+E L= 6,4+ 6, (.E_C_
E = 3 5 AB

Figure 5.9. The effect of sample rotation.
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; Limits to data used for '

regression analysis e

Figure 5.10.
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i\ Load cell j
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Filter disc
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Rubber .
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Figure 5.17. Suction cap arrangement for tests where o > A
r
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OPPOSITE

Figure 5.18. Electro~level gauges set on sample.






OPPOSITE

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 Ko consolidation, London clay.
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Figure 5.22, Excess pore pressure at sample mid-height for various
rates of Ko swelling, London clay.
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Figure 5.23. Ratio of axial strain to volume strain for London clay
following stress paths given in Figure 5.20.
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Figure 5.24. Base and mid-height pore pressures for London clay shearing
at &5% axial strain per day.
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Figure 5.25. Histogram of samples incorporated into the Magnus
reconstituted mix.
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Magnus clay.
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Figure 5.28. Excess pore pressures at sample mid-height for various

rates of Ko consolidation, reconstituted Magnus clay.
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Figure 5.29. Ratio of axial strain to volume strain for Magnus clay

following stress paths given in Figure 5.27.
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OPPOSITE

Figure 5.30. Photographs of thin sections of intact Magnus hard clay,
with and without, 45 degree rotation of polarising lenms.
Gas filled void spaces are shown circled.
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CHAPTER 6

Tables and Figures
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Pre-shear Peak Stiffness Strain
Test Conditions Strength rate
P | % Cap Eat0.01) L E/P 0,01 | to.1
Kpa Kpa Kpa Kpa Mins,
MR1 267 | 0.50 122 2.22 x 105 o0.185 831 38
MR1A 267 | 0.50 139 2.89 x 10°| 0,238 1118 43
MR1.4 206 | 0.59 122 4.50 x 10° | 0.270 2184 50
MR2 158 | 0.72 108 3.59 x 10° | 0.353 2272 52
MR4 106 | 0.96 924 2.26 x 105| 0.386 2132 65
MRS 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| o0.331 953 41
MRE4d 101 | 0.97 N/A 4.96 x 104" 0.368" 498" 380
MRE17 43 | 1.90 30 @ 23 3.74 x 104 | o0.321 860 37
MRS1 192 | 1,00 108 2.63 x 105| 0,404 1371 60
MRS2 156 | 1.00 102 3.25 x 103 | 0.336 2083 57
MRR. 1 126 | 3.15 86 1.88 x 103 | 0.355 1489 52
MRR4 107 | 3.10 70 1.14 x 105 | 0.453 1062 39
MRR, 17 66 | 3.28 N/A 9.00 x 10%| 0.387 1360 45
MRI1 381 | 1.00 131 2,60 x 105 | 0.407 682 80
MRI2 200 { 1.00 109 2.43 x 103 | 0.400 1214 70
MRI2C 103 | 1.00 N/A 1.37 x 103 | 0.401 1377 37
MRI4 97 | 1.00 9% 2.14 x 103 | 0.204 2195 68
MRU (1) 59 | 1.00 45 9.80 x 104| 0.435 1661 47
MRU (i1) 72 | 1.00 48 1.03 x 105 | 0.421 1437 50
MRU (114) 72 | 1.00 N/A 9.8 x 10% | 0,456 1207 11
MRU (iv) 67 | 1.00 45 8.40 x 104 | 0.387 1244 540
MRUD (1) 70 [ 1.00 | wn/a 5.20 x 104" 0.465" 743" 1820"
MRUD (11) so+[ 1.00 | w/a 6.18 x 104" 0.432" 1047" 420"
MRUD (111) 56 | 1.00 | wn/a =4 x 108205 =-700" 600"
MRUD (1v) 68 | 1.00 | N/A 6.20 x 104" 0.46 * a1 24"
Table 6.2. Summary of Reconstituted Triaxial Tests

*

Denotes drained tests, parameters are E'(O.Ol)' (B'/p‘°)0.°1 etc.
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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%
RS 0.273 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'vo from different test

series, reconstituted Magnus clay.

(+

indicates tests where peak strengths were
not necessarily obtained),




- 480 -

uoyssaidwod pauteipun ‘pastiIqEis INnq ‘pajepyjosuodup nn

" " ‘ " £11ed1doazostuy avo

uo18s31dmod paureipun ‘pajepriosuod Ajiedrdoxiosy nio

w 0L M " L

w €% w " M €

. w %1% " u T

vdy 0€S sen anfea ,d JerITUY |

89310\

‘s91dwes 3JOwIUT UO $3833 PIXPIII JoJ Lismmg °¢°9 °Iqel

- - - - %09 - 0s8 0s8 £°¢€6 an E€dn Al
- - - - 1144 - 06S 06S L9 nn (L] 11X
- - - - 6.7 - 0ots 0ts 9°29 nn 1dn I11
<8 v€9°1 6L(2°0 oo_ x L0°1 82s 9s°0 926 659 S'e8 v CIIR Al
St czs‘l 80€°0 oo_ X 10°1 els - 1194 1174 S°€8 nn 11IK Al
09 69%°1 %61°0 mo_ X 9L SLT zs‘o 9L L0S (AL avo OIIN 111
osli 9L0°1 €€e’o no_ L 1 1194 - (74} LY [ANY] an 6IH 111
€S 1s6 LEZ°0 mo_ X 9€°Y oLe 1$°0 %89 8sY T°6S avo 81K 111
Tl LATA | £9€°0 no_ X 6°S (444 Lo 219 9¢€ T°Le avo LIR 11
4] 1ee’t H€e°0 no_ X 6°'S 60¢€ - 134/ tYy T°Le an 91K 11
st 09L°1 %8£°0 mo_ X 9. 9T 26°0 987 0Le 6°SZ e=<u SIK 11
96 69L°1 €9¢£°0 mo_ X 49y A A4 - 162 1sZ L'ie on IR 11
99 8vL°1 0ze‘o0 nc_ X 48°¢ oLy - 0ze (144 0Ll n:uo %] 1
667 0z6°1 20€°0 mo_ x 9%°¢ 80¢€ t£9°1 stl o8l 8°6 ~:<o IR 1
ozl 061°C oveo | oI x 6 €Ll - 3 13 6°¢t (10 ITH 1

SUIR edy wdy edy udy u 9d{} 1831 dnoay

1703 saqea [ 10°0(° 4/ 1 (10°0)"y % % | o[ %4 | uideg | 3ess
ulv1ls 883U} J138 yasuaiag SUOTITPUC) 2BIYS=-21]




T W -

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 ¢'r on rate of displacement,
Magnus soil-soil shear, o'n:E'SOO Kpa.
Consolidation | OCR | p', Max, G Equiv, Max.| LZ% | Equiv.
S 1 1 ]
MRC1 | Conditions Kpa Eu/p o (Eu/p 0)0.01
MRCI | Isotropic 1.0 | 400 | 5.8 x 10* 435 0.28 337
MRC2 " 4.0 100 5.0 x 304 1,500 0.50 1310
MRC3 | Isotrop, Ad- | 2.0 | 70| 1.6 x 10* 686 0.28 454
justedl
Table 6.6, Resonant column test data for reconstituted Magnus soil.
Notes

1

2

Defined here as G at 0.05%Z/G at 0,005Z.

'Consolidated' at estimated initial stress



Test

MRI]
MRI4
MRUU(iii)

Table 6.7.

Eulp’ )4 03

682
1,291
1,361

Comparative triaxial test data,
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DESCRIPTION FABRIC SUGGESTED DEPOSITION GEOTECHNICAL
ENVIRONMENT UNIT
bed) 0 —
Shff to hard grey-black very sity CLAY Weak horzontal Glaciomarine or
with shell fragments and gravel (chalk) bedding revorked
Very shiff to hard dark grey very silty CLAY 1
10 with gravel ( chalk and igneous ) Contorted irregular Lodgement till ?
structure onsolidated by .
Tornee =" Dense fo very dense light and dark wave achon ?
WA clayey ity fine slAND with gravel , chalk
frags and clay layers
Very hard grey -biack very sify CLAY Weak horizontal Glaciomarine or reworked
poa———2ith_shell frags and gravel bedding Consolidation by wave acton 7 4
20 A Very dense grey fine fo coarse SAND and
fme_gravel with chalk and sheil frags Pseudo platey Glaciomaring deposited
Hard fo very shff grey-green silty CLAY fishscale’ fabne rapidly from a floating
with gravel rounded chalk shell fragments occasonal igneaus glacier ? Consolidated
30 ond occ laminae of fine sand and pockets of  dropstones and by wave acton ?
organic matter Becoming browner strong intact shells 11
9% _ pockets and lenses of fine silty sand
«=«« becoming weaker fewer iaminae and
Wk less gravel. Shff to very shiff Similar , fewer -
dropstones showing
stronger bedding Glaciomarne , lighty over -
features consolidated or normally
consolidated
0 m
=vee bemming weakly fissured with oblique
and sub vertical discontinuihes
60}
2 lenses of fine silty sand
Hard green-brown dark grey silty CLAY Pseudo -piatey, Glaclomarne,
particles of chalk,gravel and shell fishscale fabnic but overconsolidat ed
Oustings of fne sand on some more blocky than above, r
o o o oy bedding divisions stronger beddi
! \ some dropstom’s‘,
80
Hard grey-brown silty CLAY with
cobble sized erratics of massive brown -+
sandy CLAY Some fragments of chalk
sheil and pockets of organic matter
% -
=
> Sand lenses Glacomanne Y
—
100}
Frequent sand lenses partings ond
laminatons

1C. LOG FOR BOREHOLE 11 , MAGNUS SITE

Figure 6.3,
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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 m depth d) 67.7 m depth
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OPPOSLITE

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

a) TOP - 4.1 metres depth

b) BOTTOM - 6,7 metres depth
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OPPOSITE

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

c) TOP - 19,3 metres depth

d) BOTTOM - 35.2 metres depth
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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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OPROSITE

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 6.6, Variations in gradings with depth,
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Figure 6.8 a). Water content variations with depth,
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All data from fugro tests

Bulk density variations with depth.
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Figure 6.8 c).
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Atterberg limits and water contents.

Moisture contents (%) and Atterberg limits from I.C.tests

o—=0 Post test moisture content

5 10 15 20 25 30 35 &0 &5 50
E— | L L] 1 L)

/ —_—
-
[% LI «-0.07 .
(e
o
b=
é LI= 009

|

I\ N

S 3

\
H =016 \
-
L v N ) ﬁ‘

p—-en*t, 4

|
a LI= 010 ,
O
' a2
/" )
L1=003 ik .
/
7/
Trend line of natural moisture
content from Fugro tests
TC tests
Plastic limit Liquid limit



- 4y/ -

Plasticity Index (%)
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(~ = contours of axial stroin % )

Figure 6.17 a). Effective stress paths during undrained
shear, series MR.
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Figure 6.17 b). As above, showing effect of 20 days ageing
for sample MRIA,
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Figure 6.21 a). Stress ~ log strain data series MR.
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Figure 6,21 b). As above, showing effect of 20 days ageing for
Sample MRIA,
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Figure 6.22. Secant modulus - strain characteristics.
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Figure 6.23. L(e) against strain, series MR.
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Figure 6.26, Stress - log strain data, series MRE.
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Figure 6.27. L(e) against strain, series MRE.
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Figure 6.28. Normalised ratios of Eu(O 01) against OCR, series MRE.
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Figure 6.29. Effective stress paths, tests MRE 4 and MRE 4d.
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Figure 6,30, Stress - log strain data, tests MRE 4 and MRE 4d.
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Figure 6.34, Stress - log strain data, series MRR.
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Figure 6.35. Normalised ratios of Eu(o o1) against OCR, series MRS,
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Figure 6.37, Effective stress paths, series MRI.
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Figure 6,38, Stress - log strain data, series MRI.
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Figure 6.43, Stress - log strain data, series MRUD.
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Details of stress-strain loops, tests MRU(iii) and

Figure 6.45.
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Figure 6.46.
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Details of stress-strain loops, test MRI2C.
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Figure 6.48. Ratios of plastic to total strains,
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30 ¢ Figure 6,52, Summary of stiffness ratios AEu for Magnus test series,
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Figure 6,54. Summary of L(e) for
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Figure 6.58, Tangent stiffness-strain data.
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Figure 6,59, Schematic diagram of zones I, II and III,
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Figure 6.60, Secant bulk modulus, volume strain data.
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Figure 6,62, Tangent bulk modulus, volume strain data.
Swelling portion of test MRII.
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Figure 6.74. Stress-log strain data, Group I tests.
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Figure 6.75. Stress-log strain data, Group II tests.
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Figure 6,76, Stress-log strain data, Group III tests,
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Figure 6.77., Stress-log strain data, Group IV tests.
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Figure 6.79,

L(e) against strain, Group II tests,
MR2 also shown,
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L(e) against strain, Group IV tests,
MR2 also shown,

Figure 6.81,
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Figure 6.83, Eu(O.O]) plotted against depth for intact samples.

Also shown are profiles constructed from reconstituted
Eu/p’o - OCR relationships, and 3.G interpreted from

Push in Pressuremeter tests.
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T O'n' = 200 kPa 430
/o’ .
n rate = 133 mm /minute 275
d27 ,
0-5 of 25 . d‘o
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4 175
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- 125
02} (@ (indicates ‘pulse’ No.) 10
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1 10 100 1000 Time (secs)
A Jd Y Il - 1
% 10 100 1000 Displacement (mm)

Figure 6.85, Soil-interface ring shear tests on Magnus clay;
strength-displacement relationships for initial 5
pulses of shearing, after Lemos.
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Figure 6.86. As above, further 5 pulses after slow shearing at
o'n = 500 Kpa.
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Figure 6.88. Resonant column test results, reconstituted Magnus
clay, isotropically consolidated.



- 561 =~

CHAPTER 7

Tables and Figures
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Depth Water Liquid Plastic Plasticity Bulk
Content Limit Limit Index Density
m z 4 p 4 z 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
4.1l | 29.8 86.8 30.8 56.0 19.28
4.12 - 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

! In Disturbed London clay

2 In Brown

Table 7.1.

London clay.

Variation of Index properties with depth
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Test Stress Range e, Ce Cg
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 0.043

LOED3 10 = 400 2.312 0.3435 -

Bell Common 1,300
Sample

2,200 1.290 0.215 0.051

Table 7.2. Oedometer e — logo', coefficients
(e, is voids ratio for o'y = 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

LRE Ko consolidated, undrained, extension tests on
reconstituted samples

LRU Various tests on reconstituted block samples.

Table 7.3. Description of Triaxial Test-Series.
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Layer Mean (E.,/p',_-,)o_°l Mean L
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

Table 7.5. Trends for stiffnesses at small strains, Series I.

Series Test o'yckpa OCR Shearing Conditions
R LR1 402 1 Undrained Compression
" LR1.S 400 1.5 " "
" LR3 399 3.0 " "
" LR7 398 6.9 " "
RE LRE1 397 1 Undrained Extension
" LREl.5 400 1.5 " "
" LRE3 399 2.9 . "
" LRE?7 401 7.0 " "

Table 7.6. Tests on samples K, consolidated in the triaxial cells




— SV

FYT PUB YT S9TI9S WOIJ 83[nsal jo Liewmng */°*; I[qel

0S 12y LLETO | 401 X %5°¢€ o% 9y 8¢ %8 PAch: i
S9 LLY L92°0 | 401 X %°/ - - ol 11| 1329
8y 8Le°0 | ¢OI X 80°1 [4:] Y8 092 €27 |S°IA1
08 £29 L6%°0 | cOI x 08°1 6L 08 L6€ 68¢ ] W1
LS 0901 08%°0 | 401 X 6°6 0L Sl 86 %°'€6 a1
¥4 088 9I%°0 | ¢OI * 0E°1 89 6L (4% 8Y1 €41
ol 948 8I%°0 | cOl X 06°1 6L £6 L9t 1 Y44 S 1yl
8¢ a8y 61€°0 | cOI X [%°] 8L 901 1oy 6T 1
SUTH vdy vdy vdy vdy vdy
10, _o.oao.a\smv 1 A_c.ousm uasso aso o>.o °.d 189],
9381
ureRIls 8S3UIITIS y3i8uaa3g SUOTITPUO) IBIYS-dIJ




- 567 -

NNYT 83TI9§ ¢sajdues pajepPITOSUODUN UO SISO JRIXBIIJ Jo LIeumms °g*/ I¥[qe]
SuOIJTP
0sY 91£°0 08y 401 X 0°% €8 | 1aM¥1 ~uod pajepriosuoduf
sugg (107003 [ 4 | 10°0(° 4/ 5 (10°0) 5| °,q Woiy 3893 peuTEIq MOTS
4 8E%°0 89 401 X [°9 68 | €NNY'1 TR isel
(4 8%%°0 8€S 500 X 8°% 06 | ZnNY1 W u 93E1 paepuejlg
08 68€°0 19 y01 X 6°¢ 06 | INOYT 18233 N no1s
sumy 10°0; 1 | 1970, a/ngy| eay(10° 0| eay .
938X UTRIIS 889UJJIIS o.m 189] uot3dradosaq 31831




- 568 -

Pre-shear conditions Stiffness parameters
P'o ?'vo OCR CGmax G(o.01) L (36/P'0)0.01
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 10 3.85 x 104 0.69 619
Table 7.9. Summary of results from K, consolidated resonant

column tests




= e

y"' ey 37 '-“::;'8- L
x —-—Monhn e
i~ ~+ Hadiey Pl e 4

A
u..n v m., o
Co

”~
lu'-ll

GontCo \ = ¢h "\ .’j :__
“""”’-lnnnvou;,‘,"\'g, j\f;"’_Bonbamwood[ * it \} _)‘3 Ngw' Cockforrers

‘\‘\ ~ lmM “uu*"!\){f::‘;l/hml vArkley ):\/h‘ ' ‘m“ b/ ‘"'.
\

%"‘"‘i Srulvg _/ *&Chm \‘ \'I’)ﬂ\ Eas‘
> ( Myver \\ GeltCo P{“"“" Barnet
et 32 N >3 m % %\Wu mw\\ N

%\ Merry m' Wie Owrtancs \m”v___ —~ w
<t Whelgione
Rty = Bl L ;  BARNET '\>w~:~.
"\ »s—:sm\-i'cftrc“:cl""/,f/m\ X \ ] s -~ ~> o » (:% o
PR
TN

X 9 AT RD N reumu “""'- et ;,,,,, ; ! e
\r’f’ \ reen \s‘"“ \ Stutios ‘
i:.'n ::T% s \ ‘h. ’ ’EE_\
. ” N ? sche. .
: >

: fiern Baml

N A A

[ @[J [T 3

ley t.:)*ﬂ-—-

!ud J”\ %/—m“
"‘%mm Ha

‘ "‘“M

an on_ 'm -
K’s\‘ Nlmmu \{l::a

Gnhhvl'
Gmn

= ° Y\\ —) ¢ " L u-m-. ﬂtobs
f\: ) \i/* kl : "“# . ’:’""” @..f}. N ..*-;;:;
.'n-uu'\ on lhc Hilh o & ot W\ N ) mﬂ\ N-n P Homssres: m~ .
'7/ = N e Ry 7 i S
S Wbl § ek (i) ‘g" el *-;;2
r"::"—-'/_.fﬂw“ q!;!;-{:,}\ - "'WI"GS é

Figure 7.1. Location map for Canons Park.



rigure /.<Z. interpreted borehole log, -
0.0
epth
fow G.L. TOPSOIL
m) - e e e ]
Medium dense coarse to fine GRAVEL with
infiling of loose hight brown SILT ond SAND
1ok 10 with | brown ironstoining ( Grovel of cholk,
\\ chert , fint , sandstone )
\ { level voried between boreholes )
L N— _— — — —
Firm | brown maottied blue & oronge siity CLAY
175 Oblique polished slickensided  with some gravel frags (2 to 10 mm). Ciay
surfoce at 15m matrix haos pinhole structure and contoins reiic
20F peds. of intoct moteriol .Frequent salenite
crystals (2mm) ond particies of sondstone
HEAD
Firm to stift chocolote brown silty fissured
CLAY wnth biue gloying on 1. surfoces
Occosonal horzontol lominations and partings
33?' ° Frogments of chalk ond of orange and butf siity t SAND.Occasionc |
chert (4 mm) grove! tragments 2 to 10 mm ond smollipockets
of orange yellow SAND. Fissure lumps 5 to
2 20mm and fissuring developing from horiz.
bedding . Occ. selenite crystals (2mm)
378 L
Rounded particles
40} ® of gravel (Smm) DISTURBED LONDON CLAY
41
P~~~ Stitf light brown silty fissured CLAY with
F Oblique polished slip frequent horizontgl partings , laminations and
surfoces bonds of grey and yellow siity fine SAND
vw.’/_— Pocket of carbonised wood Some gloying of fissure surfoces near top of
;g loyer and orange yeliow 1ronstoning
\__ Mult) -directionol  polished throughout. Some bands of cioystone (up to
shckensided surfaces 100mm thick ) between 57 and 6 2m . Strong
horizontal bedding with fissure lumps
i 40 to 70 mm.
57 Cioystone Bond (100 mm)
BROWN LONDON CLAY
60 " “ (50 mm)
621l Pocket of fossil wood n band
of yeliow siity fine SAND
70 —_—
Sttt grey brown silty fissured CLAY with
frequent horizonta! partings , laminations
5 ond bands of grey aond yellow silty fine SAND.
Occasonal bonds of dense hant grey SILT ond
cloystone loyers . Strong horizonta!l bedding
ong fissure lumps 50 to 100 mm
B8O
BLUE LONDON CLAY
'Y %///////// Weok cigystone band (30 mm)
® Pyritised tossi
-Jel J
wom Cloystone Bands (10-20 mm)

END OF BOREHOLE
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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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Undrained shear strength , Cu (kPo) from Camkometer

Apparent sheor modulus .0 (MPu) from Cnmkometer

Figure 7.7.

Self-boring pressuremeter results.
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Figure 7,8, Profiles of index properties.
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Figure 7.9.

Grading curves;

a) 2.3-2.9 metres, b) 4.0 metres,
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Grading curves; c) 4.3 metres, d) 6.3-6.9 metres,
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Figure 7.14. Compressibility data for LOED 1.

Figure 7.15. Voids ratio - c'v data LOED 3.
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Figure 7.16.

Consolidation rate data for LOED 1.
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Figure 7.34, L(e) - strain plots, Series LR,

Figure 7.35. L(g) - strain plots, Series LRE.
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Figure 7,37, Normalised stiffness - OCR plots, Series LRE.
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CHAPTER 8

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

Mean L =057
800 (Eu/pa)yq = 750
.EA. e (5.5m) UIPO 0.01
Po’
600 (4m)
.f__—-b'\,.,. (2.5m)
400k ] © (05m)
200k e {1.5m) b)
o 1 J

0.01 0.1 1.0



- 615 -

50 .

w
o
|

Gyy{Mpa)

N
o
]

0 001 01 05
Shear strain Yy (%)

&
=
§ i ’
= 200k Mean (3Gy,/pily 4 =600 b)
- L =0.33
0 1 1 )
0.01 0.1 0.5

Major principal strain (%)
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Figure 8.5a), Stiffness-strain characteristics deduced from Canons Park
pressuremeter data by method of Palmer,
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Figure 8.5b). Stiffness-strain characteristics deduced from Magnus
pressuremeter data by method of Palmer.
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For Z/[D =5

Figure 8,12 Profiles of normalised settlement with depth for rigid footing
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Figure 8.14. Contours of Deyiatoric strain for rigid footing ZID = 5,0, Lf = 0.5
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Figure 8.2] Finite element mesh for 30 m long pile.
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Figure 8.23 Normalised surface settlement profiles for 30 m long pile.,
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Figure 8,24 Deviatoric strain contours for Lf = 0.5 with 30 m long pile - Run Pl,
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Figureg8,25, Variation in shear stress with depth at Lf = 0,5, for 30 m long pile.
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Figure B8.26 Variations of apparent modulus with load factor for a rigid

footing and a triaxial sample.
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Figure 8,27, Summary plot for variation of apparent modulus with load factor.
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Figure 8.29. Load-settlement curve for a plate loading
test at Chelsea.
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Figure 8.29 a). Variation of apparent modulus for plate loading test
at Chelsea.
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Figure 8.33 a). Apparent modulus against load factor, Magnus
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Figure 8.34. Apparent modulus against load factor, pile test
data from Weltman and Healy (1978).
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[ see Chapter 7]
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after Price and Wardle (1982)

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,
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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 9.3. Icentification and Locatién of
toad 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 calibratiom.

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.
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Figure 9.31. Residual stresses after installation (from Cooke
et al., 1979).
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Figure 9.38.

Dependence of p'cs/p'o on OCR, from Chapter 7.
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Figure 9,40, Variation of 6'y/p'.g With depth, with limiting
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CHAPTER 10

Tables and Figures




(a)

Parameters for Non-linear Modulus, Equations 10.1 and 10.2

A= 623 A' = 587
B = 643 B' = 412
C = 0.0007% C' = 0.0007%
a = 1,349 «' = 1.400
a = 0.6385 ' = 0.797
E
Max E = 25 max = 0.25% ey max ® 0.2%
;3
(b) Parameters for Modified Cam Clay, Variant , See Appendix
v, = 2.25
A = 0.10
k = 0.0077 (0.03 for OCR 8)
¢ = 30°
Hvorslev surface gradient w.r.t. horizontal = 7.5%
Table 10.1. Parameters for Element Test Studies
Group Depth range v, A k 7' (KN/m3)
I 0- 20 m 2.00 0.078 0.0260 12.0
II 20 - 40 m 2.10 0.083 0.0110 11.3
111 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

T

able 10.2. Parameters for Lavers I to V
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Group Cvs Time factor, T, X dissipation
m2/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
II1 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'y/o'y initial
6 months after 10 years after
Installation Installation
I . -
II 1.0 1.5
III 0.9 1.2
Iv 0.9 1.2

Table 10.4. Estimates of radial effective stress changes at

pile face, for two stages after installation




- 694 -

Stresses at pile face Undisturbed
Layer 0'2/0'20 ©0'r/0'z0 @'9/0'z0 Ko
I 0-10m 1.65 1.4 1.2 1.62
I10-20m 1.15 1.1 1.0 0.95
I1 1.30 0.72 0.60 0.72
III 1.0 0.50 0.45 0.55
v 1.0 0.50 0.45 0.53
v 1.0 0.55 0.55 0.55

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

after installation

Stresses at pile face Undisturbed

Layer 0'2/0'20 @'r/0'20 ©'e/0'zo Ko
I 0-10m 1.80 2.50 1.60 1.65
I10-20m 1.80 2.00 1.40 0.95

II 1.7 1.08 0.90 0.72

I1I 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 vears

after installation
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Figure 10.4. Cy - depth variations; Runs A and B.
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Figure 10.19. Profiles of ground surface displacement at two
settlements; Run A,
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CHAPTER 11

Tables and Figures
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Gauge Change in Change in Pullout Rotational
with 3,000 tonnes stiffness
Eccentricity total load, mm tonne m/radian

SG2L 2.3 to 0.77M - 0.28 146 x 106
n 0.77 to 0.00 - 0.13 150 x 10°
SG3R 2.3 to 0.77 - 0.35 112 x 10°
" 0.77 to 0.00 - 0.21 93 x 10°
SG4L 2.3 to 0.77 - 0.32 122 x 10°
" 0.77 to 0.00 - 0.20 98 x 10°

Table 11.3,

Rotational stiffnesses calculated for pile groups

(N.B.

by 8.5M along X-Xx!)

Active pots are assumed to be offset from group centre




Prediction Measurements
Quantity (based on F.E. Template Template

analyses) Fl F2

Uplift at 3,200 not observed

tonnes! w.r.t. 1.87 wm 1.78 mm

a remote datum

As above, w.r.t. 0.96 mm 1.20 wm 0.85 mm

a local datum

Moment-rotation 113 x 10¢ not observed 93 to 112 x 106

stiffness of pile tonne m/radian tonne m/radian

group, w.r.t. a

remote datum

As above, w.r.t. 163 x 106 146 to 150 x 10¢ 98 to 122 x 10¢

a local datum tonne m/radian tonne m/radian tonne m/radian

Table 11.4.

Comparisons between predictions and measurements for

the Hutton TLP pile group

This is a group load, equivalent to 4 MN per pile.
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Description

eee.eee.. Stiff becoming hard , green-grey silty sandy CLAY
frequent laminations , pockets of sand and shell
fragments

..Very dense grey brown silty fine SAND with
gravel shells and clay loyers

.......... Hard grey-brown sandy silty CLAY with pockets
and layers of sand occ. chalk and shell fragments

ve vesees .. Very dense grey slightly silty fine SAND
( thin bands of CLAY at base )

.. Hard grey silty CLAY with occ. gravel , chalk
fragments , pockets of sand

( becoming laminated with silt at base }

c2l. . .......Very dense light grey silty fine SAND with
occ. bands of hard CLAY

......... Alternating layers of very stiff to hard grey sandy
CLAY and very dense light grey clayey sandy SILT

80

90

Figure 11,1.

Simplified borehole log B1/BlA,
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Description

....Stiff becoming v.stiff laminated grey sandy CLAY
occ. pockets of sand and coarse gravel

............. Med. to very dense grey silty clayey SAND with

shell fragments

«ee.es.-..Hard laminated dark grey CLAY with occ. shell and

gravel frogs

cead
-
-
e
.
e

Very dense grey brown clayey to silty SAND
with shell frags.

«e--s....Hard, partly laminated,grey-brown .sandy v.silty
CLAY with occ. frags of chalk

..'-.- veeeees....Dense grey fine to med. SAND with occ. pockets

of grey sandy CLAY

vecee.s...Very hard finely laminated silty CLAY with occ.
pockets of sand and silt

l.c.........Dense grey slightly silty fine SAND with occ.

pockets of sandy clay

Figure 11.2., Simplified borehole log B2/B2A.
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Figure 11.3,

Description

.. Very stiff becoming hard grey silty CLAY with

occ. fine gravel shell frags and thin layers
of dense SAND

.Dense , becoming very dense grey- green slightly

clayey ,very silty, fine to medium SAND

Very stiff finely laminated grey slightly sandy
very silty CLAY with lenses and partings of
fine SAND

Dense to very dense grey fine SAND

.Hard grey very silty CLAY with occ. layers

of light grey silt

. Dense silty fine to medium SAND

Hard to very hard laminated grey sandy
silty CLAY

BH continues to 150 m

Simplified borehole log B4/B4A.
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Figure 11.4.

Summary of grading variations with depth.
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Figure 11.5. Summary of P.I. variations with depth.
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Figure 11.9.

Simplified ‘'typical® Hutton profile.
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assumption in the analysis of group moment-rotation
analysis (assumes pin joints at pile heads).
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Figure 11.24, Hyperbaric calibration system for settlement gauges.
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O CHANGE IN LEVEL OF ACTIVE POT

Figure 11.38. Effects of eccentric loading on settlement gauge data;
above schematic, below characteristics of a linear system.
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OPPOSITE

Above

Figure A6,5. Oscilloscope traces for mercury filled tube, one time
division is equivalent to 50 ms,

Below

Figure A6.6, Oscilloscope traces for water filled tube, one time division
is equivalent to 10 ms.
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Figure A6.7. Apparatus for the calibration of differential pressure
transducers,
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OPPOSITE

Top

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

Middle

Figure A6.3. 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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Above

Figure A6.15.

Below

Figure A6.16.
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OPPQOSITE

-

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

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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