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ABSTRACT: To obtain a nonlinear dynamic constitutive model of soil with a simple form
and a clear physical meaning and realize its numerical application, a new dynamic constitutive
model based on Logistic function was proposed. First, the validity of the proposed model was
verified by the dynamic experimental data of typical soft soil. Then, the stress-strain hysteresis
curves proved that the model can correctly reflect the nonlinear dynamic characteristics of soil.
Furthermore, the expression of the incremental shear modulus of the novel model in stages of
initial loading, unloading and reloading were derived, and the stress-strain relationship was
extended to three dimensions. Additionally, the subroutine of the Logistic function-based
nonlinear dynamic constitutive soil model was compiled and verified by the secondary
development platform UMAT provided by ABAQUS. The calculation results of a typical soft soil
site obtained by the Logisticbased model and the Davidenkov model were compared. Results

HeWE: EREARIZFES (52108387 ; hEFELFEELEES (2022M713850) ; FEFAEBERRIFES (2022)Q447)
F—EB/MN: XXX (1991—) , B, #If, #x, FEMEX X XFAR, Enail: xxxxxxxx,



showed that the proposed model has a simple form, an uniform expression on the framework and
the hysteresis curve and clear physical meaning and can automatically satisfy the Masing criterion.
The Logistic-based model can fit the dynamic experimental data of typical soft soil well and
correctly reflect the nonlinear dynamic characteristics of soil. Based on UMAT, the numerical
application of Logistic model could be realized in ABAQUS software. The acceleration response
peak and the relative displacement response peak calculated by the Logistic-based model are
smaller than those obtained by the Davidenkov model. The stress-strain hysteresis curves of soil
based on Logistic model are more in line with the actual situation that the soft soil has an obvious
amplification effect on the longperiod seismic wave.

KEYWORDS: nonlinear dynamic constitutive model; Logistic function; ABAQUS

software; secondary development; numerical application
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Tab.1 The shear modulus rates of typical soft soil sits in Shanghai

G/Gmax
y/10°
1# 2# 3# 4# 5# 6#
0.5 0.960 0 0.990 4 0.9915 0.9920 0.992 4 0.9930
1.0 0.950 0 0.9810 0.9831 0.9841 0.984 8 0.986 0
5.0 0.800 0 0.9116 0.9207 0.925 3 0.928 5 0.9338
10.0 0.700 0 0.837 6 0.8530 0.8610 0.866 5 0.8758
50.0 0.3000 0.507 8 0.5371 0.5534 0.564 8 05851
100.0 0.200 0 0.3403 0.367 2 0.382 6 0.3936 0.4136
500.0 0.1200 0.093 5 0.104 0 0.1103 0.1149 0.1236
1000.0 0.100 0 0.0491 0.054 8 0.058 3 0.060 9 0.0659
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Fig.6 Verification results of dynamic shear modulus rates
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Fig.7 Hysteresis curves under different strains
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