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Three-dimensional nonlinear analysis of seismic ground response of soft soils in
Shanghai

Abstract

Reduced order bounding surface model was employed to study 3-D seismic ground response of site
considering the nonlinearity of soft soils in Shanghai. A nonlinear procedure for response analysis of
horizontal layered sites subjected to multidirectional earthquake loading was used to study vertical and
horizontal ground responses, respectively, under unidirectional and multidirectional base excitations
(Taft). Also, the development of ratio of vertical and horizontal peak acceleration and the effects of the
variation of groundwater table on the characteristics of seismic responses were studied. The study
results show that the characteristics of vertical seismic ground response are much different from those
of horizontal seismic ground response; the amplification effect is greatly increased under multidirectional
base excitations compared with that under unidirectional base excitations; greatly difference is induced
by the rise of groundwater table between vertical and horizontal seismic response, as result of the rise of
groundwater table, seismic amplification effect at ground surface increases in horizontal direction, but
decreases in vertical direction, which are important for geotechnical engineering aseismic design in
Shanghai region.
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Three-dimensional nonlinear analysis of seismic ground
response of soft soils in Shanghai

. 1,2 1,2 1,2
CHEN Qing-sheng”“, GAO Guang-yun’“, HE Jun-feng
(1. Department of Geotechnical Engineering, Tongji University, Shanghai 200092 China;
2.Key Laboratory of Geotechnical and Underground Engineering of Ministry of Education, Tongji University, Shanghai 200092 China)

Abstract: Reduced order bounding surface model was employed to study 3-D seismic ground response of site considering the
nonlinearity of soft soils in Shanghai. A nonlinear procedure for response analysis of horizontal layered sites subjected to
multidirectional earthquake loading was used to study vertical and horizontal ground responses, respectively, under unidirectional and
multidirectional base excitations (Taft). Also, the development of ratio of vertical and horizontal peak acceleration and the effects of
the variation of groundwater table on the characteristics of seismic responses were studied. The study results show that the
characteristics of vertical seismic ground response are much different from those of horizontal seismic ground response; the
amplification effect is greatly increased under multidirectional base excitations compared with that under unidirectional base
excitations; greatly difference is induced by the rise of groundwater table between vertical and horizontal seismic response, as result
of the rise of groundwater table, seismic amplification effect at ground surface increases in horizontal direction, but decreases in
vertical direction, which are important for geotechnical engineering aseismic design in Shanghai region.

Key words: 3-D nonlinearity; seismic ground response analysis; reduced order bounding surface model; multidirectional earthquake
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Table 1 Soil parameters for high speed railway station site, Shanghai
. BEArE BT
b= LR 4 RO TR gmw BEE W
7353 /m /m 7 /(KN/m’)
/MPa /(m/s)
@ K EE L, TR 0.00 1.80 18.53 0.892 57 101.30
® WA TR TR, 1.80 3.60 17.63 1.130 77 119.60
@  PRTEEL, W 5.40 6.40 16.67 1.457 92 134.30
® Bl IR, BB 11.80 6.50 17.50 1.155 155 170.40
®,  BEE L, REERT, HE-R 18.30 5.80 18.00 1.012 218 200.40
®;  HEE T, EE-HRE 24.10 9.20 18.07 0.967 323 249.30
®y  BEE L, RESIGEERE L, - 33.30 4.60 19.50 0.696 406 262.10
® W EE L, R Rk, BTy 37.90 320 19.27 0.723 488 289.30
WIS JRP A+, RAEFE L M RE T &
@ i L 41.10 5.60 19.00 0.753 453 279.80
AN, RS
@, kg, %k 46.70 8.60 18.83 0.794 660 349.30
®, KA, - 55.30 11.30 19.10 0.810 589 318.40
®,  HEET. BREE, 66.60 8.20 19.17 0.793 811 376.40
©) KA e PR, 5 74.80 21.80 19.00 0.754 985 417.90
® WRE L, K 96.60 Adli 2 19.80 0.716 967 434,50
X2 TREHLREERESH
Table 2 Parameters for reduced order bounding surface model

TS % /() Go 2 k hy d Ry/Ry K: b hy

¥ REE 1 24 130.0 0.025 0 0.001 50 0.763 100.0 0.75 12 2 35

W E 1 13 75.7 0.005 0 0.004 20 0.763 100.0 1.00 100.0 2 35

kranty 35 190.0 0.019 0 0.001 60 0.294 1.0 0.75 0.4 2 35

TR 40 364.0 0.009 7 0.001 94 0.175 0.1 0.75 0.3 2 35
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Fig.2 Time histories of acceleration on ground surface

subjected to 3-D earthquake loading
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R3 AR T E AT R INE R e K i L
Table 3 Vertical and horizontal peak accelerations
and their ratios on ground surface

I L/ g

HRESEA WA L
SR B 1)
L1 0.050 0.023 0.456
L2 0.093 0.048 0.514
L3 0.103 0.065 0.631
L4 0.150 0.103 0.688
L5 0.154 0.117 0.756
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(4) Sy IR Ji) T e J58 VA % e (L L
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