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Strength weakening of soft clay under cyclic loading and its dynamic calculation
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Abstract: Strength reduction may take place for the littoral soft clay under the action of wave loading. As a result, the bearing
capability of soft clay foundation will become significantly lower, and the stabilization of the structures will be affected. By
performing cyclic triaxial tests on muddy-silty clay taken from Yantai littoral zone, variation of pore water pressure and
weakening of undrained shear strength of clay subjected to different confining pressures, deviator stresses, dynamic stresses and
cycle numbers are studied. According to the laws of the development of pore pressure, a model for calculating pore pressure is
proposed. In addition, by using the theory of quasi-overconsolidation and combining the pore pressure model and the laws of
undrained shear strength, a formula for strength weakening which contains confining pressures, deviator stresses, dynamic
stresses and cycle numbers is put forward. The relevant experiment is done to verify the formula. Then it is applied to the
dynamic numerical model of a breakwater in Yantai Port. From the experiment to the numerical model, a dynamic calculation
method considering the effect of strength weakening which is convenient to be used in engineering is proposed completely.
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Fig. 1 Loading process of tests
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Table 1 Schemes of dynamic triaxial tests

il F T RE N

A% /kPa NI Jitt h AR
1 20, 35, 50 1500 0 0.4
2 35 1500 0 0.1, 02, 03, 04
3 35 1500 04 0.1, 02, 0.3, 04
4 35 1500 08 0.1, 0.2, 0.3, 0.4
50, 100, 150, 200,
5 35 300, 500, 800, 0 0.4

1000, 1500, 2000
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Fig. 2 Curves of normalized pore pressure and cyclic numbers

under different confining stresses (r =0.4)
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Fig. 3 Curves of normalized stress and strain under different

confining stresses (=0.4)
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under different dynamic stress ratios (4=0)
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Fig. 6 Fitting curves of pore pressure versus practical test curves
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Table 4 Strength reduction under different cycle numbers

0.1 0 61.023 0.987366  0.7774
0.2 0 60.824 0.984146  0.7799
0.3 0 59.522 0.963079  0.7504
0.4 0 53.721 0.869218  0.6770
0.1 0.4 59.753 0.966817  0.7364
0.2 0.4 58.842 0.952077  0.7214
0.3 0.4 56.732 0.917936  0.6947
0.4 0.4 48.533 0.785275  0.6236
0.1 0.8 58.243 0.942385  0.7102
0.2 0.8 56.048 0.906869  0.6686
0.3 0.8 52.021 0.841711 0.6210
0.4 0.8 42.448 0.684645  0.5783
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Table 5 Parameters of soils in different layers
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