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Abstract Analysis of soil-structure dynamic interaction subjected to seismic wave is a key problem in earthquake
engineering. In general, the soil stratum consists of two-phase saturated porous zones and single-phase viscoelastic zor
due to ground water. In most cases of soil-structure dynamic interaction analysis, the soil has been assumed to be a singl
phase viscoelastic medium for simplicity and little attention has been paid to the saturated porous soil case, even less t
case of the viscoelastic soil layered on saturated soil. In this studyfiaiemt method for three-dimensional saturated
soil-foundation-structure dynamic interaction analysis is proposed. The unbounded saturated soil is modelled by lumped
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mass explicit finite element method and transmitting boundary condition the structure is analysed through implicit finite
element method, and response of the rigid foundation is calculated through explicit time integration schenféeréne di

time steps can be chosen for the explicit and implicit integration scheme, which can greatly improffecitecg. In
addition, based on the fact that single-phase soil is a special case of two-phase saturated soil, the dynamic analysis |
single-phase soil can be unified into the analysis of saturated soil by setting the bulk modulus of pore fluid and porosity
to be zero. Thus, the soil-structure interaction analysis for the viscoelastic soil layered on saturated soil case is realizec
which can approximate the ground water table in practice. Tieets of ground water on the response of foundation and
structure are examined through numerical examples of soil-structure interaction analysis for saturated soil, single-phas
viscoelastic soil and the viscoelastic soil layered on saturated soil, and the results show that the ground water influence
the structure and foundation responses greatly.

Key words soil-structure dynamic interactiorsaturated porous mediaxplicit-implicit integration scheme, artificial

boundary condition, seismic response analysis
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Fig.1 Sketch of saturated soil-foundation-structure interaction
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Table 1 Soil parameter

Number 1 2 3 4 5
soil type dry saturated saturated dry dry
sizgm 40x40x18 40¢40%x18 40<40x18 40<40%x18 40<40%x18
solid phase densitys/(kg-m=3) 2000 2000 2000 1740 2000
liquid phase densityy/(kg-m~3) — 1000 1000 — —
coupling density/(kg-m~3) 2000 2000 1740 1740 2000
elastic modulu€/Pa 2.4&10° 2.48x10° 2.48x10° 2.4%%10° 3.35¢10°
shear moduluSPa 8.3%10 8.32¢10’ 8.32¢10’ 8.35¢10’ 1.12¢108
compressibility constant — 0.00 0.70 — —
fluid bulk modulusK;/Pa — 0 1.3%10° — —
porosity$ — 0 0.26 — —
permeability cofficientko/m? — 1077 1077 — —
poisson ratios 0.49 0.49 0.49 0.49 0.49
damping ratict 0.02 0.02 0.02 0.02 0.02
shear wave velocitys/(m-s1) 204 204 219 219 237
shear wave velocity of skeletaty(m-s™) 204 204 237 219 237

Note: Compressibility constaat = 1 - 6/k = 1 — Kp/Ks, whereKy, Kg are bulk modulus of the solid and bulk modulus of

the porous drained matrix; Coupling density: (1 — ¢) ps + ¢pw; Shear wave velocity of skeletay = /G/(1 - ¢)/ps.
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