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Study on Large Triaxial Test of Soft Clay Composite Samples
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Abstract: Taking the foundation treatment of gravel pile in a proposed hydropower station as the background,
an indoor experimental sample preparation method of soft clay composite samples with gravel core was developed,
which can improve the consolidation efficiency of remolded soft clay and reduce the disturbance of the samples. The
large triaxial tests of composite samples with different confining pressures and gravel core replacement rates were
carried out. The results show that composite specimens exhibit strain hardening characteristics under small confining

pressures, while they generally exhibit softening characteristics under high confining pressures, and the softening
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characteristics are more pronounced with a smaller gravel replacement rate. At the same confining pressure, the
initial deformation modulus of the composite specimen increases with the increase of the sample area replacement
rate. At high confining pressure and low replacement rate, the shear failure surface of the soft clay gravel core
composite sample is obvious. At low confining pressure and high replacement rate, there is a more obvious bulging
phenomenon in the middle of the composite sample. The maximum bulge amount of the gravel core generally
increases with the increase of confining pressure and replacement rate. The current code method overestimates the
internal friction angle of the composite specimen (foundation) , and the larger the area replacement rate, the greater
the difference between the calculated values and the experimental results. Under high confining pressures, the
traditional stress superposition method overestimates the bearing capacity of the soft clay vibroflotation replacement
gravel pile composite foundation and underestimates the settlement of the composite foundation. The higher the

replacement rate, the greater the deviation stress error between the stress superposition method and the large triaxial

test of the composite sample.

Key words: soft clay; gravel pile composite foundation; triaxial test; shear strength; stress superposition
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Tab.1 Basic mechanical parameters of remolded soil

AN EE/(KN-m™) TRIFIE S /% KA w /%

R /%

IFR /% PR % ¢/kPa o1(°)

16.37 100 64 68.7

31.6 37.1 20 17.22
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Fig.1 Gradation curve of gravel particles
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Tab.2 The mass of gravel at all levels required by the

sample
SR 7% Ao Breimltikg
m=0.05 m=0.15 m=025 m=0.35 m=1.00
1~2 0.07 0.22 0.36 0.50 1.44
2~5 0.29 0.86 1.44 2.02 5.76
5~10 1.80 5.40 9.00 12.60 36.00
10~20 1.44 4.32 7.20 10.08 28.80
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Fig.3 Preparation process of composite sample
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Tab.3 Lateral bulging value of composite sample

gravel cores

S [ /kPa F K /mm
m=0.05 m=0.15 m=0.25 m=0.35
300 2.9 3.8 10.0 19.5
600 5.9 — 15.0 22.5
900 7.9 — 20.0 22.5
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Tab.4 Comparison of calculated values of composite foundation strength parameters with test values of composite samples

N ARG B )5 (n=2) B )51 (n=3)
Fier ¢ /kPa @J(°) ¢, /kPa @,/ (") ¢, /kPa @,/ (")
0.05 21 18.26 18 19.48 17 20.44
0.15 22 20.81 15 23.27 13 25.14
0.25 28 22.78 12 26.29 10 28.37
0.35 35 24.70 10 2875 8 30.72




112 PN S QRS )

2024 4F

SeiE ok F N = A S 2R A RERRS s S
AR A s, A TR RN ARG R 1 1 g
75 i 2 A A A S I (SRR ) & I, AR SCRy
FRENNE) , AR AN [0 A 453 T 52 G M JE 1 1
IR

(o,-03),=m-(0,-0;),+(1 —m)-

(o, —0;). (4)

Kb (o, - o) NEEGAHRN T (o, - 0y) A2k
AR LY. T 5 (o) — o) A 3 SRR, 3R i 17
J7ym W THIFRE

KN 7 & s A5 2 5 0 g AR il 2 5 AR
SCE AR = i g A5 21 1 g 10 AR i 4 4 % e
K9 Fs .

i & 9 BT LE Y, 78 300 kPa [l T, 4 [F] i FR

1200

—a— 300 kPai 5 {5 —o— 300 kPa IiZ:
—e— 600 kPailZ&ff —o— 600 kPa ik
" —4—900 kPaif 35 {H —=— 900 kPaiiE

E;
w

1000

800

600

(0,-03)/kPa

400

200 K

0 5 10 15 20

—a— 300 kPait 0 {f —— 300 kPaz: Jili%:
1 400 |-—o— 600 kPaik J{E —o— 600 kPai /1%
—a— 900 kPait 4 {f —o— 900 kPa ik

1200 -

(0,-03)/kPa

20
e,/%
(b)m=0.15

—a— 300 kPail 4 {f —o— 300 kPai: JiIi%:
1 600 - —e— 600 kPait 5 —o— 600 kPa: iliZ:

ST

(o,-03)/kPa

20

e,/%
(¢)m=0.25

2200
2000
1800
1 600
1 400
1200
1000
800
600
400 o
200 Hpsoa=

—=— 300 kPaif 381 —o— 300 kPai filli%
—e— 600 kPaik Bl —o— 600 kPaiE fllik
—4— 900 kPai 58 {H —— 900 kPa&: iz

(o,-03)/kPa

20
e,/%
(d)m=0.35
B9 &Aeklh 5 A XA RN ) B R W&k
Fig.9 Comparison of stress—strain curve between the
superposition method and the composite sample

experimental results

B A R IR 15 2 A 10 7 0 AR 2R 5 0
B INETHAAS B . H7E 600 kPa F1900 kPa [
JETR A0 R 1w AR 4 3 0 25 1O N ) & n i 1
AT 3 (4 g g AR i s A AR I AR B A th 2 1
J5 , U BA R ) B vk Al T 2 A I i AR Bk e L TE
AT 3 R 1 7 AR ] 155 0 ARG T 2 A Hl
LTI , 1 LT R R, WA 2 S R B

DL FRCE e R m=0.25 (1 5 A R RE R ], i
3 (5) TR AR 55 U 2 ) B AR B B ik 5 &2
AR R = Hihia 6 1) D 07 035 25 0, 15 2 Bl 1) AR &,
=15 % WA [R] B e A6 5 [ R T 1R 2518, WK 5.

(o, -0,), - (o, -0,),

w = (5)

(o, -0,),

K : (o, - o)), WE A BRE = H 515 20 19
V77 .

S AT LG U ) 1 AR SR 15% B ) i
N7 3 R VAR 7 3, N g 28 ik A A A R R G
75 20 0 et 7 {8 fie KR 258 26.79% , X I o,=600
kPa.m=0.35 [ A i E . AR 56 Bl R (193 4, 5
P12 [l 1) 07 AR B, R B g, Bk A A
PR 50 A5 20 9 i 17 T DR 2 8K, X R N F R A
TR K AR, R S AR R, PR £ 5 i Ak A
AU S O 7 A 8 A ) o A e R 3 LR 7
2 3) 5 [l i b - 5 o i R A [ B A
B 7 B B 1) AR T AR T K, B i [ 7 B A T
A A T 7 2 I AR 5 R A I A AR Ay
ARV FE = B 50 FE RN B IR A = , RAE 763X R )
S5, i S 9 AR A RE = il 0 45 21 1y Ry
AR 2R TR 1 B Ik 2R B BRI




5511 3 BB A

i 52 R A Y

113

x5 EmMESEGRHRBENRENIRE (£,515%)
Tab.5 Deviation stress error between the superposition

method and the test values of compositespecimens (£,=15%)
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