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Mechanical model for medium dense sand considering confining pressure effect
and plastic evolution
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(1. School of Civil Engineering, Henan Polytechnic University, Jiaozuo, Henan 454000, China; 2. CCCC Second Highway
Consultants Co., Ltd., Wuhan, Hubei 430056, China; 3. School of Resources and Environment, North China University of Water
Resources and Electric Power, Zhengzhou, Henan 450045, China)

Abstract: The influencing factor and the characteristics of deformation and strength of medium dense sand
samples were analyzed based on the macroscopic theory of elasto-plasticity and triaxial tests in order to precisely
predict the deformation of medium dense sand on site. The yielding criteria, the hardening law and the flow rule
were formulated accordingly. The stress-strain curves change with the increasing of confining pressure. The
slope of the linear section of stress-strain curves and the peak strength increase with the increasing of confining
pressure. The softening section reduces and even disappears. The gradient of volumetric strain-axial strain curve
remains as usual basically. The shear dilation decreases. Under the high confine pressure, the samples exhibit the
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shear contraction in the whole shearing process. Considering the confining effect and shear failure in medium
dense sand, the internal plastic variable is expressed by the third principal stress and effective plastic shear strain
increment. The internal plastic variable at peak is larger than 0.5 and much larger than that of rock. The elastic
modulus increases exponentially with the increasing of confining pressure. Poisson’s ratio remains the same
approximately. The maximum and minimum principal stresses vary linearly in the process of plastic deformation.
The internal friction angle increases linearly, and the cohesion increases and then decreases exponentially. The
dilation angle decreases with the plastic deformation under the low confining pressure, but it increases and
decreases under the high confining pressure. The calculated curve is basically identical to the experimental data,
indicating that the model is suitable for medium dense sand.

Key words: soil mechanics; confining pressure effects; plastic evolution; medium dense sand; mechanical model;

elastoplastic theory
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Fig.1 Triaxial test curves for medium dense sand
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Table 1 Elastic moduli and Poisson’s ratios for medium dense

sand
[l e /kPa PR E/MPa HEL /N
200 59.178 0.409
400 63.422 0.297
800 69.586 0.384
1200 108.812 0.345
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Fig.2 \Variation of effective plastic shear strain in residual
point under various confining pressures
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Table 2 Subsequent yielding stress and strength parameters
for medium dense sand

B R /kPa WHEEE BRI
WAL oookpa 400kPa 800kPa 1200kpa /() kPa

0.0 650.46 1373.04 2901.49 4009.33 33.04 6.88
0.1 814.84 147655 3108.88 4213.43 33.60 40.13
0.2 864.64 154496 320392 429782 33.78 52.07
0.3 889.43 157856 324299 435269 33.96 57.86
0.4 900.44 1599.82 325423 4396.01 34.14 59.32
0.5 903.39 1608.83 3250.70 443321 34.32 57.77
0.6 901.49 1611.76 3237.34 446351 34.50 54.25
0.7 898.47 1610.27 321745 449315 34.68 49.56
0.8 892.26 1606.33 3196.14 4519.71 34.85 44.29
0.9 884.73 1599.28 3169.52 454163 35.03 38.88
1.0 873.85 158756 3166.44 457148 35.20 33.63
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Table 3 Effective plastic shear strain and internal variable in
feature points under various confining pressures

At st b B AR o
TR e W P 25
kPa WAt B g I A FIE
200 0.039 0.067 0.574
400 0.041 0.078 0.533
0.569
800 0.051 0.088 0.586
1200 0.071 0.121 0.587
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Table 4 Parameter values in mechanical model for medium

dense sand
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Fig.10 Test data and simulation curves
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