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Abstract:In evaluating the damage caused by earthquakes,attention has been paid in the past to
ground liquefaction and displacement during or immediately after the earthquakes.For this rea-
son,only the analysis of liquefaction in sandy ground during earthquakes is performed in most dy-
namic analyses. However, the damage to complex ground that contains sand,silt,or clay layers and
long-term settlement over several weeks or years after the earthquake cannot be ignored mainly
because of the long time required for the dissipation of excess pore water pressure (EPWP) and
the recovery of the ground rigidity.In this study,a multi-story car park with a steel frame is de-
signed and constructed according to Japanese Architectural Building Standards. This study will in-
vestigate the seismic performance of the building during and after a great earthquake that is pre-
dicted to hit the central part of Japan in the near future.Special attention is paid to the differential
settlement caused by liquefaction and long-term settlement after the earthquake. The analysis is
performed using a 2D soil-water coupled dynamic/static finite element analysis program DB-

LEAVES, considering ground-foundation-superstructure as one whole system. The program can
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analyze not only the static and dynamic behavior of natural complex ground but also solve soil-
structure interaction problems. The applicability and accuracy of the program have been verified
by many investigations. A rotational kinematic hardening elasto-plastic model called the cyclic
mobility (CM) model is adopted in this analysis to describe the nonlinear behavior of cohesionless
soils under both dynamic and static loadings, particularly the cyclic mobility of sand during lique-
faction. With the CM model and an effective-stress-based FEM code, the mechanical behavior of
soil,change of EPWP,and consolidation can be defined.The input earthquake wave is an approxi-
mation of three synchronized seismic waves whose main shock lasts about 150 s with a maximum
acceleration of 182 gal.Before the dynamic analysis,a static analysis considering the ground-struc-
ture as one whole system is performed to determine the initial effective stress of the ground.In the
dynamic analysis,an equal displacement boundary condition,sometimes called a periodic boundary
condition,is used for two side boundaries to manage the energy-loss problem.In this study,a com-
parison of long-pile and short-pile foundations is presented. As mentioned above, the ground be-
havior is described by the CM model;in addition, the long piles and super structure are modeled as
beam elements,and the short piles are modeled as elastic solid elements. The analysis shows that
liquefaction occurred mainly in loose and medium dense sand layers. The long-pile foundation has
a better capacity for resisting differential settlement, whereas the short-pile foundation (improved
ground) has a better capacity for resisting ground liquefaction.In all cases, most of the differential
settlement occurs during earthquake motion,while the post-liquefaction settlement is relatively u-
niform despite its large amplitude. Therefore, serious consideration should be given not only to the

liquefaction behavior of the ground during earthquake motion but also to the long-term settlement
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after the earthquake.
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Fig.1 Analyzed ground and layer distribution
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Table 1 Material parameters of each layer in test

+2 A K v R eo a b, m
Ag Ay 0.05 001 030 4.6 0.80 2.2 15 0.1
Ac.s Ag.s 0.03 0.006 0.30 4.6 0.78 2.2 1.5 0.1
Ay Ag 0.024 0.005 0.30 4.6 0.75 2.2 1.5 0.1
Agia-s  0.207 0.041 0.35 3.5 1.1 01 0.1 3.8
Agia-s 0.207 0035 0.35 3.5 1.1 01 0.1 3.8
LR R E=105 kPa; v=0.25

2 EITEVERSTE
Table 2 Physical state variables of each layer

+Z  OCR D./% R¢ ¢ 7/(kN+em™®) k/(me+s D
Ag Ay 4.0 53 0.80 0 1.0E-4 17.6

Ao.3 Ass 5.0 58 0.80 0 1.0E—4 17.6
AgAs 6.0 78 080 0  1.0E—4 17.6
Awa—s 25 - 060 0  1.0E—6 16.7
Agilea—s 2.5 - 0.60 0 1.0E—6 17.6
o KA Rk
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Fig.2 Liquefaction strength curve of sand layer A,
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Fig.3 Acceleration time-history of the seismic wave
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