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Experimental research on cyclic behaviors of clay in the northern
region of South China Sea
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(1. General Research Institute, China National Offshore Oil Corporation, Beijing 100028, China;
2. Marine Survey & Geotech Operating Company, China Qilfield Services Ltd., Tianjin 300451, China)

Abstract: Experimental research on cyclic behaviors of clay is performed based on undisturbed soil samples from the boreholes of
oil field sites in northern region of South China Sea. Combined resonant column test and strain-controlled cyclic direct simple shear
test, the dynamic shear modulus and damping ratio of the soils over a range of cyclic shear strain are studied. Additionally, the
maximum dynamic shear moduli are compared with the calculation results on the basis of cone penetration test. Stress-controlled
cyclic direct simple shear test is developed to capture the threshold value of cyclic strength by symmetric loading method. And then,
based on the threshold value, the envelope curves of cyclic strength can be obtained by one-way and two-way loading methods. The
test data are compared with Drammen clay and other clays obtained from different locations in the world. The cyclic performance and
dynamic parameters of soils in the northern region of South China Sea are studied, which provides the basic data for structure design
and evaluation of geological risks. Besides, experimental methods of cyclic tests are mastered, which can provide technical reference
for dynamic experimental study and data analysis of geotechnical engineering.

Keywords: northern South China Sea; clay; cyclic loading; dynamic shear modulus; damping ratio; cyclic strength
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Fig.1 Application range of experimental methods for dynamic properties of soils
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Table 1 Basic physical parameters of soil samples
EREe Rsy D /m w /% M /(kN/m3) Ip su/kPa LA R
A 15.28~15.90 40 18.0~18.2 20 44 B TE R A TR £
B 35.15~35.70 38 17.7~18.2 18 90 T P45 0 2
c 54,56~55.40 33 18.9~19.1 12 110 i 250 = ) 45 o
D 63.67~64.40 32 18.9~19.2 11 155 B 1 A A 45 i
E 87.78~88.30 27 19.6~19.7 18 279 R 38 = i AR A 46 T 8 L
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Table 2 Sample parameters for resonant column test
+HHmS  D/m Ko o' IkPa o /kPa  S:/% €

Al 15.59 0.65 87 139 98.2 1103
B1 35.48 0.65 205 284 97.6  1.020
C1 55.33 0.67 340 393 92.0 0.884
D1 64.14 0.66 399 399 99.1  0.962
El 88.25 071 573 605 98.4  0.696
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Fig.3 Cyclic direct simple shear apparatus
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Table 3 Sample parameters for strain-controlled cyclic 0% 104 10 102 10t 100 10t

direct simple shear test

THGHS  D/m OCR oL /kPa S /% €
A2 1530  1.00 163.0 985  1.101~1.107
B2 3528  2.00 417.0 984  1.014~1024
c2 5459 195 657.5 941  0.907~0.930
D2 63.71 243 528.8 934  0.999~1.047
E2 8787 179 717.1 972  0.679~0.703
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Table 4 Results of resonant column test
+1¢ Gioo G100 Grmax Jmax Amax Amin
G5 /MPa /MPa  /MPa /10°% /% 1%
Al 61.2 70.7 768  9.92 438 0.86

B1 108.8 128.5 130.6 4.93 4.02 1.23
C1 160.4 170.3 178.2 3.59 3.96 1.29
D1 225.8 245.1 250.0 3.18 3.34 0.76
El 2245 234.8 238.7 5.65 4.67 1.02

K5 MAEHER R AR R

Table 5 Results of strain-controlled cyclic direct simple shear test

\ 7=0.1% 7=0.5% 7=1.0% 7=2.0%
LA N
G /MPa A 1% G /MPa 1% G /MPa 1% G /MPa 1%
1 17.8 / 8.0 / 47 / 3.1 /
A2
15 17.6 5.216 6.0 10.657 2.9 11.683 15 13.625
1 36.1 / 234 / 15.4 / 9.4 /
B2
15 347 2.074 215 6.592 12.8 9.659 6.2 13.042
1 418 / 30.9 / 24.4 / 14.2 /
c2
15 416 1.489 29.3 3.275 17.6 8.224 7.7 12.002
1 385 / 30.7 / 19.8 / 13.1 /
D2
15 36.3 1.686 28.3 3.618 15.6 7.749 49 8.803
1 446 / 28.4 / 20.4 / 13.6 /
E2
15 440 1.996 274 5.208 19.2 9.264 10.2 11.588
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Fig.6 Comparison of the maximum dynamic shear moduli
based on CPT data and resonant column test
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Table 6 Sample parameters and experiment scheme for stress-controlled cyclic direct simple shear test

2H 5 T+ RS D/m Ip s, /kPa OCR (Zavg IS0, Tey/Su)
Al 11.47 145 101 3.04 (0.60, 0.35), (0.68, 0.38), (0.72, 0.47), (0.73, 0.63)
A
A2 14.27 26.8 41 1.00 (0, 0.50), (0, 0.80), (0, 1.01), (0, 1.21), (0.50, 0.45), (0.50, 1.01)
B1 19.50 224 46 1.00 (0,0.55), (0, 0.71), (0, 0.81)
B2 20.80 18.4 47 2.00 (0.75, 0.27), (0.75, 0.30), (0.75, 0.34), (0.75, 0.40)
B
B3 22.20 24.9 49 1.00 (0,0.54), (0.75, 0.25)
B4 27.21 235 128 1.00 (0.44, 0.44), (0.58, 0.44), (0.58, 0.58), (0.67, 0.67)
C1 40.27 26.8 87 1.00 (0, 0.50), (0, 0.80), (0, 1.00), (0, 1.20), (0.40, 1.00), (0.50, 0.50)
Cc C2 41.63 20.4 84 1.00 (0, 0.50), (0, 0.81), (0, 1.00), (0.38, 0.38), (0.38, 0.81), (0.50, 0.50)
c3 43.04 165 204 1.70 (0.49, 0.30), (0.49, 0.49), (0.58, 0.40), (0.67, 0.56)
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