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Study of nonlinear dynamic constitutive model of coarse
grained soils based on Hardin-Drnevich skeleton curve
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Abstract: In order to study the dynamic deformation characteristics of subgrade filler of coarse grained soils
for high speed railway, the consolidated undrained triaxial tests were carried out by large-scale triaxial test
system. Firstly, based on Hardin-Drnevich skeleton curve, the dynamic shear stress-strain curves for
loading and unloading were constituted by Masing rules, and the equations of incremental tangent shear
modulus of the skeleton curve and hysteresis curves were derived. Using the secondary development
platform of ABAQUS, the nonlinear dynamic model subprogram based on Hardin-Drnevich skeleton curve
and Masing rules of coarse grained soil was compiled. Study results show the nonlinear dynamic model fit
triaxial test results well as the program code was applied to dynamic response analysis of high speed
railway. Compared to Mohr-Coulumb constitutive model, the nonlinear dynamic constitutive model can

reflect dynamic response characteristics of railway subgrades better.
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Fig.1 Particle size distribution curves of fill materials
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Table 1 Test scheme of dynamic load

fil i / kPa ISR / He Bl ) W55 LT A LA
200 1,3,5 0.1,0.2,0.3,0.4,0.5,
300 1,3,5 0.1,0.2,0.3,0.4,0.5, -
400 1,3,5 0.1,0.2,0.3,0.4,0.5,
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Fig.3 The skeleton curve of coarse grained soils
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Table 2 Parameters of hyperbolic model
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[l % /kPa a b R? IR B VER R E,/MPa
200 0.000 94 2.708 7 0.979 1063
300 0.000 74 2.416 8 0.981 1351
400 0.000 68 1.966 0 0.972 1470
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Fig.4 Skeleton curve and stress-strain hysteresis curves
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Table 3 Calculation parameters of constitutive models
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Fig.7 Track-enbankment numerical model
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Table 4 Parameters of rail system

%
£ |
E/GPa v o/(kg/m *)
LRl 210 0.300 7 830
=X AR 35 0.167 2 500
CA #h3 9 0.200 2 500
YIKE 27 0.200 2 400
x5 BEITESH
Table 5 Parameters of soil
Z B
L
E/GPa v o/ (kg/m *) 7 ¢/kPa /()
HEIRFE)Z 0.20 0.27 2 200 0.028 32 65
RIRIKE 0.12 0.33 2 000 0.040 25 26
[ FE AR 0.06 0.36 1 900 0.045 22 23
Hb 0.06 0.35 1 900 0.045 22 23
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