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Experimental investigation on cyclic failure criteria for marine clay based on
energy method
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Abstract: The reasonable determination of the cyclic strength of marine clay is critical for ensuring the stability of marine
structures throughout their service life. In order to study the cyclic failure criteria for the marine clay, a series of
constant-volume cyclic direct simple shear tests are performed on the undisturbed saturated marine clay in the Yangtze River
Estuary with different plasticity indexes (/p) under different cyclic stress ratios (CSRs). The cyclic responses of the marine clay
specimens are presented. The cyclic failure criteria are investigated by employing the energy method. The results indicate that there
is a threshold cyclic stress ratio (CSRu) in the undisturbed marine clay. When the CSR is smaller than the CSRu, the energy
dissipation per cycle (W;) develops linearly only within a limited range that does not contribute to the cyclic failure of marine clay.
However, when the CSR exceeds the CSRu, the development curve of W; with the number of cycles () shows an inflection point
due to the serious damage of the soil structures. This point serves as the critical point for cyclic failure to determine the number of
cycles to failure (Ny) and the double-amplitude shear strain to failure (¥, ). The CSRu of the marine clay in the Yangtze River
Estuary exhibits a power function relationship with the increasing /p. Additionally, with the increasing CSR and Ip, both W;and
Ypar tend to increase, while the Nrgradually decreases. Furthermore, the data points of yy, ; /[p'* ~ CSR-CSRy, for all the tests
are distributed in a narrow band, and a virtually positive linear relationship exists between the yy, . /fp'“and CSR-CSR. Finally, a
Ypas €valuation method applicable to the marine clay in different seas is proposed for practical geotechnical engineering.
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Fig. 1 Sketch of cyclic direct simple shear test apparatus
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Table 1 Measuring ranges, errors and precisions of sensors for

cyclic direct simple shear test apparatus
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Fig. 2 Geographical location of sampling site in Yangtze River

Estuary (Base map data © 2023 Google)
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Fig. 3 Positions of tested marine soils in plasticity chart
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Table 2 Basic physical properties of marine clay

R 8 \IRUT MY EEZRE RREKER  RARE EbG WRIRE YRR R M L
X s R Hm Gs wol/% pol(grem)  fLEREL 0 Si/%  w/%  wi/% Ir %
Y1 6.6 2.71 37.85 1.82 1.05 97.78 238 816 57.8 CH
Y2 8.6 2.65 40.10 1.79 1.07 9941 309 71.0 40.1 CH
Y3 16.6 2.69 41.21 1.79 1.12 98.60 302 656 35.4 CH
Y4 7.6 2.69 37.52 1.83 1.03 9833 275 623 34.8 CH
KITA Y5 22.0 2.70 39.28 1.81 1.07 98.75 264 585 32.1 CH
W Y6 28.1 2.71 38.56 1.82 1.06 98.49 292  60.0 30.8 CH
Y7 15.1 2.69 40.12 1.80 1.09 97.81 254 489 23.5 CL
Y8 16.6 2.68 37.80 1.82 1.03 98.38  23.8 399 16.1 CL
Y9 20.6 2.68 39.11 1.78 1.10 9546 184 347 16.3 CL
Y10 19.2 2.69 44.80 1.76 1.21 99.68 193  30.8 11.5 CL
TRE Ll 17.3 2.68 40.50 1.79 1.11 98.17 167 328 16.1 CL
HEOB L2 35.6 2.65 34.60 1.85 0.93 98.17 237 375 13.8 CL
R L3 55.6 2.67 33.20 1.85 0.92 96.18 21.7 382 16.5 CL
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Table 3 Schemes for cyclic direct simple shear tests
ﬁﬁ ﬁé 0, v/ WC/ }ﬁ % Ny f/ D. A'f/ ﬁﬁ ﬁé 0, v/ WC/ }ﬁ % Ny f/ D. A'f/
g wa CSR o e Ay Ly Y v | mo ke SR e Ay Ly Y o
Y1-1 0.202 36.55 1.013 0.034 1 664 6.61 Yo6-1 0.152 3594 0989 0.068 2 >1000 —
Y12 50 0.221 36.62 1.015 0.032 1 237 783 | Y6-2 190 0.178 36.09 0.993 0.064 2 330 6.26
Y1-3 0.248 36.62 1.015 0.032 1 81 8.53 | Y6-3 0.202 36.02 0.991 0.066 2 60 7.08
Y14 0.271 36.73 1.018 0.029 1 47 9.61 Yo6-4 0.221 3587 0987 0.070 2 20 8.11
Y2-1 0.170 3694 1.007 0.058 2 >1000 — Y7-1 0.139 37.61 1.042 0.043 2 >1000 —
Y2-2 60 0.201 36.68 1.000 0.065 2 223 694 | Y72 100 0.158 37.50 1.039 0.046 2 657 5.08
Y2-3 0.221 36.79 1.003 0.062 2 42 785 | Y7-3 0.181 36.56 1.013 0.070 2 67 6.50
Y24 0.249 36.57 0.997 0.068 2 20 8.94 | Y74 0.221 36.85 1.021 0.062 2 16 8.18
Y3-1 0.164 3755 1.032 0.082 3 >1000 — Y8-1 0.124 3630 1.000 0.029 1 >1000 —
Y3-2 110 0.182 37.88 1.041 0.074 3 654 638 | Y82 120 0.148 36.12 0.995 0.034 1 621 5.27
Y3-3 0.199 3831 1.053 0.063 2 188 6.80 | Y8-3 0.179  36.05 0.993 0.035 1 51 6.83
Y34 0.219 38.09 1.047 0.069 2 70 746 | Y84 0.221 3594 0990 0.038 1 5 8.23
Y4-1 0.162 3599 0.992 0.033 1 >1000 — Y9-1 0.124 3572 1.014 0.076 3 >1000 —
Y4-2 50 0.181 3527 0.972 0.052 2 486 6.18 | Y9-2 140 0.150 3589 1.019 0.072 3 638 5.16
Y4-3 0.203 3538 0.975 0.049 1 103 7.84 | Y9-3 0.180 36.00 1.022 0.069 2 51 6.74
Y44 0.222 3483 0.960 0.064 2 30 8.92 | Y94 0.221 3639 1.033 0.059 2 8 8.13
Y5-1 0.153 3648 1.001 0.068 2 >1000 — Y10-1 0.105 42.24 1.140 0.058 2 >1000 —
Y5-2 145 0.182 36.69 1.007 0.063 2 304 6.10 | Y10-2 130 0.117 4237 1.152 0.048 2 596 441
Y5-3 0.205 37.17 1.020 0.050 2 86 7.60 | Y10-3 0.148 41.82 1.137 0.059 2 159 5.89
Y54 0.225 36.84 1.011 0.059 2 25 9.09 | Y104 0.179 4223 1.148 0.050 2 19 6.99
L1-1 0.151 3452 0953 0.138 4 382 5.06 | L3-1 0.163 27.08 0.763 0.149 4 173 522
L1-2 120 0.181 33.69 0930 0.159 4 46 6.39 | L3-2 370 0.180 2690 0.758 0.177 4 40 6.31
L1-3 0.202 33.83 0.934 0.155 4 13 743 | L3-3 0.201 2697 0.760 0.152 4 5 7.28
L2-1 0.180 31.66 0.874 0.057 2 429 5.58 | YI-5 0.195 3637 1.008 0.039 1 1342 4.88
L2-2 240 0200 31.23 0.862 0.062 2 64 646 | Y1-6 50 0.185 36.19 1.003 0.044 2 >2000 —
L2-3 0.222 3152 0.870 0.054 2 33 746 | Y1-7 0.175 36.01 0.998 0.049 2 >1000 —
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Table 4 Criteria for evaluation of specimen quality™']

OCR Aeleo

1~2 <004 0.04~0.07 0.07~0.14 >0.14

2~4 <0.03  0.03~0.05 0.05~0.10 >0.10
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Fig. 4 Shear strain time-history curves and shear stress-shear strain

curves of specimen Y8-3
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Table 5 Fitting parameters for marine clay in different seas

R a b CSRun ATRERH R
Y1 1.088  -0.675  0.191 0.982
Y2 0313  -0.479  0.173 0.927
Y3 0.844 -0.671 0.172 0.957
Y4 0280 -0.502  0.170 0.964
Y5 0214  -0396  0.160 0.966
Y6 0.186  -0.366  0.158 0.999
Y7 0336 -0.547  0.148 0.991
Y8 0.143  -0.315  0.135 0.984
Y9 0.182  -0.346  0.132 0.994
Y10 0221  -0.402  0.112 0.804
L1 0201  -0.494  0.135 0.920
L2 0.284  -0.454  0.160 0.958
L3 0.146  -0.428  0.137 0.981
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