Seismic Response Analysis Method for 2-D Linear
Soil-Structure Systemsusing Finite and Infinite Elements
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Abstract

This paper presents a dynamic analysis technique for a 2-D soil-structure interaction problem in the frequency
domain, which can directly be applied as an analysis tool for seismic response analyses of underground
structures, tunnels, embankments, and so on. In this method, the structure and near—field soil is modeled by the
standard finite elements, while the unbounded far-field soil is represented using the dynamic infinite elements in
the frequency domain. The earthquake-input motion is regarded as traveling P and SV waves which are incident
vertically from the far-field of underlying half-space to the near-field of layered medium. The equivalent
earthquake forces are then calculated utilizing so—called fixed-exterior-boundary-method and the free-field
responses including displacements and tractions. For the verification of the present study, seismic response
analyses are carried out for a multi-layered half-space free-field soil medium and a cylindrical cavity embedded
in a homogeneous half-space. Comparisons of the present results with solutions by other approaches indicate that
the proposed methodology gives accurate estimates. Finally, an application example of seismic response analysis
for a subway station is presented, which demonstrates the applicability of the present study.

Keywords @ Seismic Response Analysis, Soil-structure interaction, Infinite element, Finite element, Under-
ground structure
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Fig. 1 Representation of original soil-structure inte-
raction problem by superposition of wave
scattering and wave radiation problems
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(b) Local coordinates for infinite elements

Fig. 2 Modeling of 2-D soil-structure interaction
system by finite and infinite elements
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Fig. 3 Example shape functions of a 3-node horizontal infinite element (HIE)
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Table 1 Properties of soil layers for free-field analysis problem

Property Shear Wave Velocity Mass Density Hysteretic Damping . .

Soil Layer (m/sec) (Mg/m?) Ratio (%) Poissons Ratio
Sand 1 133 1.69 2.0 0.38
Sand 2 231 1.93 2.0 0.48
Gravel 1 317 2.42 2.0 0.47
Gravel 2 (Half-space) 476 2.42 2.0 0.47
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Table 2 Total displacement of a cylindrical cavity embedded in a half-space for vertically incident SV
and P waves (v=1/3, V,=2V,, H=1.5a, #=0.001, 7= =0.5)

SV wave P wave
Location Luco & Barros® This study* Location Luco & Barros®™ This study*
lwdagl, y=0
x=0 x=*gq
43 1.6424 1.6485 (0.37) 3 1.4965 14676 (1.93)
1.7512 1.7448 (0.37) 0.7871 0.7659 (1.95)
. fuyagl, y=0 luasl, y=0
x=taq
=13 2.4302 2.4211 (0.37) x=0 1.8464 1.7826 (3.46)
0.3463 0.3468 (0.14) x=13a 1.3931 1.3607 (2.33)
qu/asylv r=a lux/a |s r=a
6=0° 6=0" ?
6=90° 1.2019 1.2052 (0.27) 9= 45" 1.2728 1.2350 (2.97)
1.5921 1.5747 (1.10) 0.9062 0.8786 (3.04)
=" lulagl, r=a =00 luyapl, ¥=a
9=45° 0.4004 0.4050 (1.14) 6= 90" 0.7825 0.7653 (2.20)
2.4191 2.4037 (0.64) 2.2308 2.1357 (4.26)

* Values in parentheses are differences in percent of present results in comparison with solutions by

Luco & Barros.
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Table 3 Properties of soil layers for subway station in Kobe in Japan

Property Shear Wave Velocity Mass Density Hysteretic Damping Poisson's Ratio
Soil Layer (m/sec) (Mg/m?) Ratio (%)
Clay 1 205 1.8 2.0 0.45
Sand 1 246 2.0 2.0 0.45
Clay 2 257 2.0 2.0 0.45
Sand 2 229 2.0 2.0 0.45
Clay 3 301 2.0 2.0 0.45
Clay 4 345 2.0 2.0 0.45
Clay 5 (Half-space) 411 2.0 2.0 0.45
(A-A), 2&8% HU(B-B)# 728 MM 18m 5 =
gojd ARHC-C)ellM FH7t&ze] HUghg 2o
o wzt Fet ol ARFTTHH wWtY Fig 2 d7ellie feelye 7122 dd 23 HH
149 Yehigit}. o] 2o 2Ry BAIHLS 7F MY A-T2EA Y AN S e ¢ de A
B FHAA ARty F2ERY %14 AsAgos Z2a9 KIESSI-2DE /dssich ol e 7=
Asted F7] ¥ v ozl ¥EE ol W & B3 29AE 22 FRRAE AMEStu HaERY
T Aot HEgE QRS 23 TR FIQAE o] 83l B

E

% Along A-A Line
| (x=-8.34m)

©

g Along B-B Line
o 10 — (x=8.34m)

O]

£ - Along C-C Line
o (x=18.0m)

5 Free Field

IS (x=0)

R

w

20 5
0.05 0.10 015 0.20
Peak Acceleration (g)

Fig. 14 Profile of peak horizontal accelerations
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