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Nonlinear ground response based on the theory of wave propagation in
two-phase media
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Abstract: The nonlinear ground response considering the influence of pore water pressure is implemented by a new method.
The cyclic mobility (CM) model, an elastoplastic model with rotation hardening which can systematically describe the
monotonic and cyclic mechanical behaviors of soils combining the subloading, normal and superloading yield surfaces, is
employed in the nonlinear numerical analysis. Using the transform stress method, this model can uniquely describe the overall
mechanical properties of soils under general stress states, without changing the values of parameters. Based on the CM model
and two-phase field theory, an effective stress-based, fully coupled, explicit finite element-finite difference method (FE-FD) is
established. The finite element method and explicit integration method are applied in spatial and temporal discretization,
respectively. The multi-transmitting boundary is adopted on the artificial boundary. By introducing the Green-Naghdi rate
tensor, the finite deformation analysis is presented. This method is strictly verified, and the calculated results of a real site are
quite different among the authors', the equivalent linearization method and the normal nonlinear analysis method in one-phase
media. The long-period value of ground response spectrum will be higher owing to sand liquefaction. Moreover, the
liquefaction process of the saturated sand layer and its influence factors are also studied.
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Table 1 Material parameters of cyclic mobility for soils

TR SH WRE . aw i+
E4ifad A 0.026 0.050 0.010
NEZRKFa 4 0.005 0.022  0.007

R DY I b Ry 2.89 3.52  3.48
FLERLL e 0.90 0.88 0.86
AL v 0.32 0.34 037

[ LIRS S m 2.20 0.10  0.50
SERTEIR SR m 0.10 2.50  0.50

5 e R R IS4 b, 0.10 1.50  1.20
e egfi p’ =98 kPa I IEH [ 4IRS T HFLBR L
z 2 YIBESHMVMBRESH
Table 2 Physical properties and initial state of soils
TESH mEE L 4w it
FARFESE ¥ /(KN'm ) 1.94 1.83 1.92
KRR R M K/kPa 2.23X10° 2.23X10° 2.23X10°

BiERK K/(ms™) 1.0X107 1.0X10* 1.0X10°
A [ 45t OCR 2.20 2.00 5.00
IR L Ry 0.60 0.75 0.75

WIS 10 5 4 0.00 0.00 0.00

*3 HEHMMSH

Table 3 Material parameters of elastic model for bedrock

PR MEV/=A RIREE
E/kPa v y (KN'm )
1.375%X10° 0.25 2.20
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