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One dimensional elastic visco-plastic nonlinear consolidation model of soft clay
under cyclic loading

Xu Dongsheng, Jia Dongge, Zheng Yangguang
(School of Civil Engineering and Mechanics, Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: Long-term consolidation and settlement analysis of soft clay under cyclic loading is very important for settlement
prediction of infrastructures such as highways and railways. The traditional consolidation analysis method does not take into
account of creep settlements. However, the constitutive model for creep analysis will not suit for the consolidation analysis
under cyclic loading with nonlinear behavior of permeability coefficient k, and volume compressibility coefficient m,. This
study establishes a one-dimensional elastic visco-plastic nonlinear consolidation model with universal applicability for cyclic
loading conditions. The proposed model could yield an accuracy result which considers the long-term creep and nonlinear
behavior of soft soil. The determination of model parameters is also analyzed. In addition, a method of determining the initial
conditions in the multistage loading process is proposed by polynomial fitting. A series of one-dimensional cyclic loading
tests are conducted in this study and verified with the proposed model. Comparisons reveal that the proposed method can reflect
the inhomogeneity of the strain and the excess pore pressure in the depth. The model could also capture the consolidation
behavior of soft clay under different loading amplitudes, frequencies and dynamic offsets. The rationality and effectively of the
proposed model is discussed and verified with the experimental results.
Key words: cyclic loading; creep; nonlinear consolidation; consolidation experiment; settlement calculation.
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Fig. 1. Loading and boundary condition of soil layer
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Table 1 Physical parameters of soft clay in Hangzhou.
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Table 2 Load form and soil sample initial state.
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100+10cos(0.12xt)
100+20c0s(0.12xt)

1 100 1.097
100+30cos(0.12xt)

100-+40c0s(0.12xt)

2 100 100+10cos(0.24mxt) 1.187
3 100 100+10cos(0.48mnt) 1.325
4 200 200+20cos(0.12mt) 1.040
5 300 300+30cos(0.12xt) 1.126
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Fig. 5. Relationship of void ratio versus Ig(Permeability

coefficient).
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Table 3 The parameter values in the calculation model.
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Fig. 4. Adjustment of phase difference.
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Fig. 7 Three-dimensional image of excess pore water

pressure-depth-time of the first stage in experiment 1.
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models in this paper and ignoring rheology is made.
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