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1.  INTRODUCTION

In connection with the CONOCO tension pile load test project,

NTH, the Geotechnical Division, received two 3" sample
cylinders from McClelland Engineers' borings at CONOCO's test
site in Block 58 of West Delta Area in the Gulf of Mexico.

The cylinders were No.71 from 115 to 117 feet depth, and No.
119 from 205 to 207 feet depth.

The intention was to obtain a first hand knowledge of the

material properties, so that our predictions might have a

better base.

This report concentrates on triaxial and oedometer tests,

and all relevant results from these tests are given in plots
and tables. The classification test results are shown in

Plates 1 and 2, and will not be commented upon, except to

mention that they compare well with those given in McClelland's
gi report No.0181-0217. Eg. the fall cone shear strengths fall
well in line with McClelland's remote vane measured in situ

shear strengths.

2.  TRIAXIAL TESTS

The following five multistage triaxial tests are run:

Cyl. 71: CON1 =z = 35.27m

i CN102 z = 35.40 m
% ' CN103 z = 35.50 m
Cyl.119 CON10 z = 62.68 m

CON11  z = 62.77 m

Test CON1 is logged partly'manually, partly on a five
channel pen recorder. The others are logged automatically

on a HP1000 computer.
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TEST PROGRAM

The test program is given in detail in Plate 3. All the
tests are oedopath consolidated, meaning that.c'a (axial)

and G'r (radial) are increased simultaneously with open
drains, such that the cross sectional area A, of the specimen
is maintained constant. The oedopath is run up to a

vertical effective stress c'a equal to or just below the

assumed effective overburden in situ.

The oedopath is followed by two or three sequences of cyclic,
undrained loading. Before the first undrained cyclic
sequence, however, 10 (in CN102 only 5) drained cycles are

run, to "repair" for possible sample disturbances.

Finally, the last Cyclic sequence is followed by static,

undrained loading to failure (¢ = 3% per hour).

All the tests are run with a backpressure of 300 kPa which

was introduced before the start of the respective oedopaths.

Two exceptions from this program are made. Test CON1 is
taken from the disturbed part of cyl.71. Before start of
the oedopath, this specimen is loaded and unloaded drained,
isdtropically up to O'r = 165 kPa in steps 0-10-17-33-83-165
-83-33-17-10 kPa, hoping to repair for sample disturbances.
Each step was maintained for 100 minutes. 12 cm® water

(ev = 15%) was pressed out at 165 kPa. The unloading caused

suction, so net volume reduction at the start of the oedopath

was 8.9 cm? (sv = 11.1%). The corresponding compression and
swelling bulk modulus M = Ao'm/Agv is plotted in Plate 4.
Cu:ve fitting MV = mVo'm yields a modulus number m = 16
compression, and M, = 55 to 65 for swelling.

Iin test CON10, the backpressure'was lost by accident imme-

diately after start of the oedopath run. This caused a 6

rminutes‘isotropical‘consolidation at c'r'= 310 kPa. 5 cm®

poréWater Was”présSed out (ev =.6,3%). Unloading to

c'r'= 8.2 kPa caused -suction of water, so the net volume

.reducfidn at the start of the successful oedopath run was

1.9 cm® (e .= 2.4%).
) v ‘
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.OEDQPATH.. RESULTS

The oedopaths are started at an isotropical stress c'r
between 8.2 and 30 kPa. The vertical strain Ae, ( and
hence the volumetric strain Aev) at the end of the oedo-
path was 6.8% to 10.6% for cyl.71, and ~12.2% for cyl.119.
(Plate 3). ‘ - -

The earth pressure coefficient at rest is here defined as

where a is attraétion accofding to Plate 10. K',

varies from 0.52 to 0.65 for cyl.71, and from 0.55 to 0.60
for cyl.119, Plate 11. (K', is measured at the end of the
oedopath) .

CYCLIC TEST SEQUENCES
Accumulated porepressunes during cycling.

For the undrained test sequences the observed porepressures
vs. number. of cycles are given in Plates 12 through 22. The

porepressure set-up is interpreted in terms of resistance

R, in Plates 23 and 24.

Definition:

. AN
R, = 804 Gu
where _
Add = {(g_—-0o_) - (oa—or min

a ¥ max

Ua' Or is axial, radial stress respectively

N is number of cycles

u is porepressure.
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High pore-pressure resistance Ru means little tendency to

accumulate pore-pressure during cvclic loading.

For the first undrained cyclic sequence c2, the tests CN102,
CN103 and CON11 behave significantly different from the
tests CON1 and CON10. (Plates 23 and 24). CN102c2, CN103c2
and CON11c2 start with a very small resistance Ru’ which
increases rather linearly with N, the number of cycles.

This is the "normal" behaviour for normally- (or under-)

consolidated clays.

CON1c2 and CON10c2, on the other hand, start with a rather
high Ru’ and set up small excess porepressures. The latter
group of tests has been consolidated isotropically up to an
‘effective stress near to or perhaps above the in situ mean
stress G'mo = %(OVJ +2°hbl) before.the oedopath consolidaticn,
while the first group has not. This is probably the expla-

nation for the pronounced difference in the porepressure

resistance Ru’

Ih CON1 and CON10, the high Ru at sequence c2 is broken down
at the beginning of sequence c3, due to increased amplitude

of cycling, and/or to introduction of two-way cycling. This
reduction of R, with increased cycling intensity (increased

amplitude, increased degree of mobilization, and/or intro-

duction of two-way cycllng)seems to be a general trend for
all the tests. ‘

For the tests were Ru starts at a low value at the beginning
of cycling, the behaviour is characterized by the "resis-

tance number" r, = dRu/dN. r, is in the range 6 to 12 for

cyl.71, and 6 to 11 for cyl.119. This is fairly low, i.e.

the soil relatively easy accumulates pore pressure during

cycling.

Observe test CON1, Plate 9. After‘the»severe cycling of
sequence c3, the spec1men ;1s reconsolldated. The following

sequence c4 is a- repetltlon of the modest cycllng in
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sequence c2. Now, the resistance is extremely high.
(Ru > 2500), and the soil hardly sets up additional excess

porepressures at all.

CON10c4 (Plate 8) is also reconsolidated, and the ampli-
tude is reduced from seguence c3 to c4. In this case, how-
ever, the degree of mobilization is increased, leading to

a reduction of the resistance R, - T.e. introduction of a

high bias Load durning cycling may Ltherefore causde high
accumulated excess porepressunes even for moderate cyclic

amplitudes .
?% The current test results 'are not extensive enough for
quantitative calculations of accumulated excess pore-
-

pressures, but they can act as a basis for judgement,

L
.-

bearing in mind that:

- Increased intensity of cycling is likely to break
down the resistance R from previous cycling. The

resistance number Ty will then vary between 6 and 11.

- Reduced intensity of cycling gives higher Ru than in
the previous cycling. Reconsolidation seems to have

the same effect.

- Isotropical "overconsolidation” tends to give
high resistance against excess porepressures
(CONc2 and CON10c2)

-

3

Cycling intensity is increased if:

- The amplitude Acy = (Oa—Ur) max (Oa—?r)min

.increases

. The degree of mobilization increases

. Two-way cycling is introduced.
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Accumulated strains durning cycling.

The observed strains versus number of cycles (N) are plotted

.in Plates 25 through 34. The accumulated strains are inter-

preted in terms of resistance R_ = dN/de, in Plate 35.
(€ is relative strain, not in g). High R€ means small
accumulated strains during cycling. The results may seem

a bit confusing, but to some extent there is consistency:

- The isotropical consolidation before oedopath in test
CON1 and CON10 results into practically no accumulated strains
in the first undrained sequence c2. (R_ < -40000, i.e.

in fact a very small swelling).

- High degree of mobilization £ qﬁéssmﬁll Re (CNO013c2
and CON10c4).

- Greater amplitude Acd giVes smaller Re for the same

f, even after reconsolidation. (CN103c3 vs. CN103c2).

- Repetition of "mild" cycling after "intensive" cycling
gives negligible accumulated strains, or almost
elastic behaviour. (CON1ic4).

. - Two-way cycling seems to. give small accumulated strains
(R_ ~ 60000 for CON1c3 and R_ > 100000 for CN103c4),
. which is hardly surprising, since the sanple is

alternately compressed and stretched.

As for accumulated porepressures, the test results can
mainly act as a basis for judgement. The main impression

is that the accumulated strains from cyclic action are small.

Dynamic‘G;moduLué.

The undrained cyclic shear strains Ay = % Asa vary from

test to test, but Ay ranges between 0.3% and 2%. (Aea is
difference in axial strain between top axial load and
miqimum axial_load). The computed dynamic shear moduli Gdyn=
Aod/AY are plotted in Plates 36 and 37. The results show

that: -

e RN




Ty

Pk il [ERINESYEIRITRIE LW ATIRES & ELe Bt b0 Lox e LI SR B BB R e ke b ' ik s g 1

- Increased amplitude Aod gives reduced G dyn’ even if
the sample is reconsolidated. (CN103, CON10,‘CON11).

- - "Mild" cycling after "intensive" cycling gives high

dyn at least when the sample is reconsolidated
(CON11c4 after CON11c3).

- Degree of moblllzatlon seems not to be as 1nfluenc1ve
for Gdyn ~as it was for Re and Ru' Observe that CON10c4
has almost twice as high Gqyn @S CON10c3 despite
increased degree of mobilization.

- Two-way cycling gives low Gdyn‘ (CN103c4 has lower
Gdyn than CN103c2, although Aod

although the sample has been reconsolidated twice).

is about the same, and

- Consolidation gives higher Gdyn' The high Gdyn of

CON1c2 and CON10c2 is probably a result of the iso-

tropical preconsolidation of the samples.

As a whole, Gdyn varies between 3 and 11 MPa for oyl.71,

and between 7 and 19 for cyl.119.

_STATIC CU-TEST

Since the main interest is assumed to be cyclic behaviour,
and since the amount of available material was limited, all
the static tests Were run after multistage cyclic tests. |
Hence, for some of the tests considerable amount of pore-
water had been pressed out. For oyl.71, e, was 7.3 to 17%
and for cyl.119, e, was 20.2% at the start of the static
test.

The resulting stress paths are plotted in Platee 5 to 9, and
the shear strength data are listed in Plate 11. The attrac-
tion a is about 20 kPa for both cylinders, and friction tah¢
is about 0.53 for cyl.71, and 0.50 for'cyl.119. The material
of cyl.71 tends to dilate during static shearing, while the
materlal of cyl.119 tends to contract. If the material had
not been previously exposed to cycllc loading, the contrac-
tancy/dllatancy would probably have been different.: Most

likely more contractency would appear.
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3. OEDOMETER TESTS

The following oedometer tests (consolidation tests) are

run:

Cyl. 71: 1 incremental INOD1 z = 35.20m
3 continuous COODI1 z = 35.34 m

CO0OD2 z = 35.57 m

COOD3 z = 35.60m

Cyl1.119: 2 continuous COOD4 zZ = 62.63 m

COOD5 z = 62.83

3

The deformation characteristics are interpreted in terms of
the constrained modulus M = do'/de. Observed strain and
computed M,'cV and k are plottéd against effective vertical

stress o' (or p') in Plates 38 through 42.

Cybinden 71, depth 115 £o 117 feet.

Test COOD1 is from the distﬁrbed, upper part of cyl.71.
The disturbance is evidenced in the soil behaviour, as

M increases linearly with p'. For undisturbed sampies, M
increases linearly with p' mainly above p'c.. Expressing

M = mp', the modulus number ("slope") is equal to 15.

c, is constant,'and equal to 0.8 m?/year.

Tests COOD2 and COOD3 seem less disturbed. COOD3 has a
fairiy constant M ~ 2000 kPa up to p* = 140 kPa, and above
this level M increases with a slope m = 15. This might

suggesf a preconsolidation pressure pé at 140 kPa.

In COOD2; M is high (3000 to 6000 kPa) up to p' = 280 kPa,
where M starts to drop. This gives a vague indication of

pg at or above 280 kPa. I.e. the preconsolidation pres-

sure can not be determined exactly, but is located between
- 140 and 280 kPa. . cv—interpretation gives the same range

for P. -
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If the effective overburden p', eqﬁals 230 kPa, M is
between 3200 and 6300 kPa at p' . COOD1 and COOD3 show
a linear increase in M with p', with the modulus number

m = 15.

£33

c, is fairly constant in COODI and COOD3 (c_ = 0.8 m? /year) .
In COOD2, Cy starts at about 8 m?/year, and decreases with

p' to 0.8 m?/year at p' = 450 kPa.

o }
4

The incrementally loaded test INOD1 (Plate 38) shows the
same trend as COOD1 both in M and Cyt only here m = 17.

Cybinden 119, depth 205 to 207 feet.

The soil in tests coobn4 and COOD5 seems to be in good condi-
tion. Both give constant M, COOD5 gives M = 3500 kPa, and
COOD4 gives M 2500 kPa. COOD5 gives c = 0.5 m?/year

400 kPa. None of these tests lead to pre-

3

J—

g_
@l

Q

Q

at p'o, if pg

=
4

consolidation pressures. The constant M throughout the
applied stress range suggests, though , that p'c is above
440 kPa. (The sudden drop in M at p' = 380 kPa for test
COOD5 is probably due to some test error).

e
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4,  SUMMARY

NTH, The Geotechnical Division, received two sample
cylinders from CONOCO's test site in Block 58 of West
Delta Area in the Gulf of Mexico. Cyl.No.71 contained
plastic clay from 115 to 117 feet depth, and Cyl. No. 119
high—plastic clay from 205 to 207 feet depth.

In addition to standard classification tests, a total of

5 triaxial multistage tests, 5 continuous oedometer tests

. and one incremental oedometer test were run.

The test results are summarized as follows:

TRIAXTIAL TESTS:

Oedopath : K! = 0.52 to 0.65 for cyl.71
| K; = 0.55 to 0.60 for cyl.119
Cyclic : To begin with the soil sets up excess

porepressures relatively easy. Reduced
cycling intensity and/or reconsolidation
gives large resistance against excess

. porepressures. (Both cylinders).

- The accumulated strain from cyclic loading
‘are small, except if the degree of mobili-
zationiis high, and/or the cyclic amplitude

is high. |
Gdyn is 3 to 11 MPa for cyl.71,‘and 7 to 19
MPa for cyl.119.

Static CU :- The static CU—testé are run after 2 or 3
sequences of cycling. Attraction (Plate 10)
and frictibn is a = 20 kPa and tan¢ =~ 0.53
for cyl.71, and a = 20 kPa and tan¢ = 0.50
for cyl.119. The clay in cyl.71 is dilatant,

and the clay in cyl.119 is contractant.
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OEDOMETER TESTS:
Cyl.71 : Vague indications of p/ between 140 and
280 kPa.
Compression modulus at pJ ~ 230 kPa
(in situ effective overburden) is
M = 3200 to 6300 kPa
c, = 0.8 m?/year
Cyl.119 : Indications that pé’ might be above 440 kpa,

which is close to the effective overburden
\J
pO
M = 2500 to 3500 kPa
= 2 '
Cy 0.5 m“/year at P,

The results of 1abdratbry tests will be viewed in the light

of the in situ test results to obtain design parameters.
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J— e en102 TGN conlo conil 5
. cyl. Ha. n 1 7 Jp L 119 ]
e Depth cyl. 115-117" 115-117' 115-117" 205-207" 205-207" [
Depth center specim. 315.27m 35,40 m 35.5 m 62.68 62.77 > !
: 5
BACKPRESSURE 300 300 300 300 Ine —
Introd. at a= 10.5 33 10 8.2 9.7 >
watar suction dua 3.6 =10 (?) 4 - 3
N t
to bacpressure fcm’)
OFEDNPATH CONSOLID. ' -
End: de, . 7.8 6.8 10.56 12.3 12.2 -
o ,,;. 136 125 98 199 224
P 45 47 57 B6 80 ®
a r 3
DPAINED CYCLES (cl)
- Q
Start: Leg 10.5 7.3 11.9 192.5 14.2 v
“ y.-w 9.5% 7.0 12.2 16.8 13.8
<
Cycl.: No., of cyc. 10 S 10 10 10
" ay 135.3 127 97 202 227 =
Yls, - o Imax/min  45/3 47.2/24.2  €0/32 103/53 91/45 =
End: b, ; -0 0 0 0 0 >
" Ar, -0,2 b4 .06 -, 04 ~0.04 -
) <
UNDRAINED CYCLES (c2)
. Start: e, ' 10.5 7.3 12.3 19.5 14.2
m " Ee, 9.3 . 12.2 16.7 13.8
id " 7, -u 135-0 127-2 97.3-15.1 203-4 227-2
“ ‘i(’f., _,‘_,r) 53,7 47.2 63.5 102 a2
.Cyel: Mo, of eyc. 100 95 100 90 100
" Y(n, = o Imax/min 53.7/2.6 47/24 63/31.5 103/52.5 91/44
Bnlr Ylog=o) 53.7 47 62.8 102.6 90.8
. £ 1 31 19.9 2.8 56
" ey <t.28 + .B -.03 .28
UUDPATHED CYCLES (¢3)
Stare: Ieg - 10.5 7.3 12.4 19.7 15.9
M I, 9.5 » 13.3 16.8 15.2
" 5, - u 135-20 127-36 97-11.7 202-6 227-5
R R 1 LA . 53,7 47.5 64 102 92
Cyel.: Na. of cycles 100 100 30 200 210 Z
" Yo, = o tmax/min 53.7/-23.3  A1/% 53/1 102/11 22/11 [
End:  Slo_ -a ) 51,6 46 62,9 101.3 21,3 %)
a r =]
" sy 24 28 28.1 27 60.7 3
g " br, 2o v 2.2 .04 .13 rrg
LR 1%}
2 m ap]
21 Q UNDRATHED CYCLES (c4) 2
z —q =)
?_N m Start: fe, 13.1 - 20.2 20.2 —
;,49 = . re 7.8 17.2 16.7 =
b2 - . g - u 97-24.1 201-5 227-4 z
[ . ¥ . ae]
()? * " \(n‘n 'ﬂr) 27 103 a1 En
~ > Cyel.: un. of cycles Hone tone 100 270 00 -
9 - " $41, - 9, max/min 26/-4 134/82 a5/47 =
1< . Yoy =
(_/-) x> End: ‘H'Ja "r’ iz: 132'2 94.0 o
o - ; Au 2; 20 2 ;
z b . .0 ~0.04 z
” 3 =
1% =
3 3 STATIC CU-TEST &
® %) Start: Ir 10.5 7.3 17 20.2 20.2 -
v =
- 3 " e 2.9 7.1 10.8 18.8 16.6
8 ) 71 52.2 35.8 158 212 o
t =z %] - Sl -al) 58,1 20.2 22.2 103 86 o
g c Shear: £ (1/hour) 3 3 3 3 3 £
m =2 End: A, 8.8 4.4 11.4 10.8 11.5 %)
Z = 2 20 15 25 20 20 2
. - vant n.52 0.55 0.%4 0.50 0.49 s
=
=
X REHMARKS ¢ .
< e o2 > 0 v ox >
HEP Yo u oo o~ of I
. S 1 o 3w oo
£ moE £ 3 g 3E o8
ket o, oo 5o @ g
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DEFINITION: The attraction a is the negative intercept of the

o' - axis by the extention of the Coulomb failure line

1

a attraction

cohesion

C

tan¢ = friction

- 1
Te c + o' tan¢

= (a+0') tang

¢ = a tang

DEFINITION: The undrained excess porepressures from static loading

can be computed by the equation

Au = Ao . - D (Aol—-Aoa)
where
1
ct ~ 3 (01 o, " 03)

D = dilatancy parameter

(D<) - eontractant behaviour

D=0 - neutral behaviour :
D>0 - dilatant behaviour) %
~ : ' D is related with Skempton's
bf parameter A in his equation
5 Au = Ao+ A(AolfAca)
~ through:
D = % - A for triaxial compr. tests
D = % - A for triaxial extention tests
6-’
3
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STATIC TRIAXIAL TEST RESULTS

m
- TEST 10 CON1 CN102 CN103 CON10  CON11
- Cyl.No. 71 .71 71 119 119
z (m) © 35.27 35.40 35.50 62.68 62.77
i OEDOPATH |
K/ 0.65 0.59 0.52 0.55 0.60
SHEAR
F D ~0.25 ~0.16  ~0.25 0 ~0.1
N a 20 15 25 20 20
i tand 0.52 0.55 0.52 0.50 0.49

= E

K; is measured at the end of the oedopath.
o' _+a
Def.: K' = —v=

‘2

]
+
Oa a

D is the dilatancy parameter for the equation

_ 1
Au = §(A01+A02+A03) - D(Acl—Aoa)
for undrained excess porepressures due to static loading.
D is here computed as a secant value up to a degreee of

mobilization f equal to 0.95

(f = mobilized friction/friction at failure = tanp/tan¢)

% . B : — ’ | PROJECT
» TRIAXIAL TEST RESULTS FROM STATIC TESTS 8.82.02
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2 ' : | 82.05.05
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