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Response of typical sites under different earthquake motion input levels
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Abstract: The characteristics of surface ground motion are apparently affected by the nonlinear behavior of site soil under strong
motion input. The soil nonlinear behavior is firstly discovered by geotechnical engineers in laboratory tests; and then the
seismologists confirm it by analyzing record data from the strong motion observation. Generally speaking, the site soil nonlinear
behavior becomes more significant while the earthquake excitation increases; however, for different site types and same excitation
level, there would be different site soil nonlinear behaviors. A method is proposed to determine the corresponding earthquake motion
input thresholds for typical sites based on the relationship of shear wave velocity variation ratio and earthquake excitation.
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Fig.1 Ratios of Fourier amplitude spectra curves
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Fig.2 Ratios of Fourier amplitude spectra curves between
Treasure Island soft site and Yerba Buena rock site
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ratio versus shear strain



543

T AR A AN R S A KE R IR S

1091

3 M

ARSCRL 3 AN ok A A S, SR A Ak 4k
PEAL TR T AN RS N MO RE B 7K P I b R X
I, REA [ () A5 25 B ) 3k it A () 1 75 B A 7K
(A AT 43 H . CABf e 3 N S84 37 A AN )
HhRE B AN AT S 208 D) AR 46 5 58 )
BB, Tk 0, 5 R s
A3 A2 — Al b o TR T b 2 AP )2 ) 22
Ko

TEA B 3 b b 5% e N SRR e A A A
FEJECA 7] 5 P 1 7 B N8 sk ] 4 s 1 ok P
IS I 2 s P AT 4 — AR ), M R R
#04 0.014 0.05+ 0.10+ 0.20- 0.40. 0.60. 0.80+ 1.00+
1.30. 1.50. 2.30. 3.00, XM AS[FJE AR i
FEWEAE Y WA 3.4. 17, 34, 68, 136, 204. 272,

340, 408. 476, 680 1 020 gal. W4k, LLF 34
AR S BB A DG 1284 8 AN LY BY B AR
KRN B B UINIEE L G/ G, FIBTFHJE L A

max

W 1. FIRIEELL. BHJE L 5BINAR R R S5
1 19 e ] 2R g AR 45 R

300
200 |
100 |
0
) -100 F
-200 [
-s00p Vo

0 10 20 30 40 50 60 70 80 90

t/s
Bl 4 FEREA NS E R

Fig.4 Acceleration time history of basement input
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Table 1 Dynamic parameters of different soil types

By AR 13" 2 Y RE T 3Fi+ 4 1+ 58t 6 WS 7 R 8 A 9 K
4
YN0 GG A GlGms A GlGmx A GlGux A Gl A GlGuax A GlGuox A GlGux A Gl G A
0.05 0.860 0.030 0.985 0.012 0.980 0.012 0980 0.012 0.960 0.012 0.980 0.005 0.965 0.006 0.920 0.015 1.000 0.004
0.10 0.790 0.035 0.970 0.015 0.960 0.015 0970 0.015 0.930 0.017 0.965 0.007 0.935 0.010 0.880 0.022 1.000 0.008
0.50 0.600 0.055 0.845 0.033 0.825 0.037 0.840 0.037 0.770 0.036 0.885 0.020 0.775 0.030 0.700 0.056 1.000 0.010
1.00 0.470 0.077 0.730 0.055 0.710 0.056 0.730 0.056 0.650 0.050 0.805 0.035 0.660 0.045 0.575 0.065 1.000 0.015
5.00 0.165 0.137 0.320 0.136 0.300 0.130 0.400 0.112 0.300 0.087 0.560 0.080 0.300 0.088 0.260 0.104 1.000 0.021
10.00 0.090 0.165 0.210 0.170 0.200 0.165 0.250 0.137 0.200 0.105 0.448 0.100 0.250 0.103 0.178 0.125 1.000 0.030
50.00 0.015 0.220 0.085 0.200 0.050 0.235 0.070 0.170 0.060 0.148 0.220 0.120 0.105 0.124 0.058 0.145 1.000 0.036
100.00 0.010 0.235 0.058 0.205 0.025 0.254 0.030 0.180 0.035 0.155 0.174 0.124 0.090 0.130 0.018 0.150 1.000 0.046
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Table 2 Analysis model parameters of Chiba site

FS AtAR BRS ER/m SYNHE/ (m/s) R/ (KN/m’)
1 W sE 4 5 140 11.3
2 s+ 7 5 320 14.7
3 4t 8 14 320 19.1
4 Eatip 8 16 420 19.6
5 S 9 500 222
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Fig.5 Fitting curve of normalized equivalent shear wave
velocity to earthquake peak acceleration at Chiba site
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Fig.6 Fitting curve of equivalent shear wave velocity
change rate to earthquake peak acceleration at Chiba site
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Table 3 Analysis model parameters of Port Island site
P CERARK EXS S /m BIDIGE/ (m/s)  EJE/(KN/m)

1 iy 1 2.0 170 19
2 iy 1 3.0 170 19
3 i 1 7.5 210 19
4 iy 1 6.5 210 19
5 W 2 8.0 180 16
6 HhED 3 6.0 245 19
7 i 4 17.0 305 19
8 i 4 11.0 350 19
9 it 5 18.0 303 16
10 i 4 4.0 320 19
11 e 6 500 22
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Fig.7 Fitting curve of normalized equivalent shear wave
velocity to earthquake peak acceleration at Port Island site
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Fig.8 Fitting curve of equivalent shear wave velocity change
rate to earthquake peak acceleration at Port Island site
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Table 4 Analysis model parameters of Yancheng site

s EeR kA

155

/m /(m/s)  /(kN/m’)
1 it 1 2.0 100 193
2 VARTRTA T 2 2.0 88 18.3
3 LigpiE: 3 4.0 150 18.9
4 #rt 4 9.2 160 20.1
5 it 1 9.2 190 193
6 #rt 4 19.6 224 19.2
7 LiigpiE: 3 15.5 278 19.7
8 it 1 1.5 323 19.3
9 Bt 4 7.4 389 20.1
10 it 1 7.6 455 19.7
11 e 5 500 22.0
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Fig.9 Fitting curve of normalized equivalent shear wave
velocity to earthquake peak acceleration at Yancheng site
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Fig.10 Fitting curve of equivalent shear wave velocity
change rate and earthquake peak
acceleration at Yancheng site
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Fig.11 Different variation trends of normalized equivalent

shear wave velocity to earthquake input peak
acceleration for three different site types
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change rate to earthquake peak acceleration
for three site types
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