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Abstract: Based on the Biot-type wave equations for unsaturated soils, the transient responses of 1D unsatu-
rated soil columns subjected to dynamic loading were investigated, to analyze wave propagation characteristics
in unsaturated soils and derive analytical solutions to provide a theoretical basis for relevant engineering prob-
lems. The effects of saturation on both the permeability coefficient and the dynamic shear modulus were incor-
porated into the governing equations. With the separation of variables method plus the state space method, a

systematic analytical solution of the transient response was obtained. The validity of the solution was verified
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through comparison with the finite element results from COMSOL’ s PDE module. The results indicate that, on-
ly 1 compression wave occurs in unsaturated soil due to its relatively low permeability. As the intrinsic permea-
bility increases, the peak transient pore water pressure response will gradually decreases. Furthermore, an in-
crease in the saturation leads to a significant rise in the amplitude of the pore water pressure response. Both the
saturation and the permeability considerably influence the wave-induced responses in unsaturated soils. The
proposed analytical method effectively predicts transient response characteristics and provides a theoretical sup-

port for analyzing the dynamic behaviors of unsaturated soils.
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Fig. 1 The analytical model of the 1D unsaturated soil
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Table 1  Values of parameters

phase parameter unit value
K, kPa 145
air 7, N-s/m? 1.8x107°
Pa kg/m3 1.28
K, GPa 2.25
water m, N-s/m? 0.001
Py kg/m? 1 000
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solid
p. kg/m? 2 650
K, MPa 8.33
Mo MPa 3.85
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Swo - 0.05
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