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Incremental nonlinear constitutive model and parameter variation of
transversely isotropic unsaturated soils
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Abstract: In order to establish the constitutive model that can simultaneously reflect the unsaturated state, transverse isotropy
and nonlinearity of soils, the mechanical properties and constitutive models of unsaturated transverse isotropic soils are
systematically studied. First, an incremental nonlinear transverse isotropic constitutive model for unsaturated soils is established
based on the theories of unsaturated soil mechanics and elasticoplasticity. Next, the triaxial tests on unsaturated soils with
various stress paths are carried out, revealing the deformation strength characteristics and water volume variation characteristics
of unsaturated transverse isotropic soils. Again, the variation laws of model parameters with stress state are analyzed, and the
corresponding mathematical expressions are put forward. Finally, the variation laws of model parameters with stress state are
analyzed, and the corresponding mathematical expressions are put forward. The research results can provide scientific basis and
theoretical support for the design of natural layered foundations and large-area filling projects. The research enriches and

develops the constitutive model theories of unsaturated soils.
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Table 1 Physical parameters of soil samples
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Table 3 Strength and deformation parameters of soil samples

s (oy-u) % Pt tanw 4 3 c/kPa R k n

/kPa /kPa /kPa /kPa /) SEMAE
100 367.7 226.6

0 200 596.2 398.7 1.21 3139 86.01 41.63 0.80 1084  0.45
300 831.0 593.7
100 312.1 204.0

50 200 503.8 367.9 1.15 2893 7172 37.25 0.85 1613 0.53
300 686.9 529.0
100 333.0 211.0

100 200 557.7 385.9 1.20 30.04  84.15 42.07 0.85 1922 0.54
300 733.0 5443
100 4333 244 4

200 200 666.0 422.0 1.27 31.61 1252 62.61 0.88 2399  0.61
300 873.8 591.3
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Fig. 2 &, - p curves of samples
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Table 4 Slopes of &, - pande, - prelation curves of samples

&,/%
O mNWhUOAT®O D

q s Xi Xa Kwpt
/kPa /kPa /107 /107 /MPa
50 6.35 10.98 15.75

100 100 5.58 10.88 17.91
200 5.47 7.89 18.27

50 6.28 12.04 15.92

200 100 593 11.67 16.86
200 5.31 9.12 18.83
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Table 5 Slopes of &, - g relation curves of samples

s p g XGTHHE  Ka K PHHE
/kPa  /kPa  /10° /10° /MPa /MPa
100 2.48 40.30
50 200 2.78 2.83 35.97 35.3
300 3.24 30.86
100 323 30.96
100 200  2.99 3.06 33.44 32.68
300 2.97 33.67
100  4.47 22.37
200 200  4.78 4.39 20.92 22.78
300 3.91 25.57
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Table 7 Strength parameters and parameters related to Young modulus of soil samples

s (o5 —u,) 9 Py ? ¢ Ei (0, =05)u Re i "
/kPa /kPa /kPa /kPa (°) /kPa /kPa /kPa
100 309.2 203.1 14.71 322.58 0.90
100 200 520.92 373.6 29.501 36.709 18.18 606.06 0.83 176.55  0.475
300 696.7 532.2 19.80 909.09 0.84
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