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Seismic Response Analyses of the Structure-Soil System
for the Evaluation of the Limits of the Site Coefficients
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ABSTRACT >> Site coefficients in IBC and KBC codes have some limits to predict the rational seismic responses of a structure,
because they take into account only the effect of the soil amplification without the effects of the structure-soil interaction. In this
study, upper and lower limits of the site coefficients are estimated through the pseudo 3-D elastic seismic response analyses of
structures built on the linear or nonlinear soil layers taking into account the effects of the structure-soil interaction. Soil
characteristics of site classes of A, B and C were assumed to be linear, and those of site classes of D and E were done to be
nonlinear and the Ramberg-Osgood model was used to evaluate shear modulus and damping ratio of a soil layer depending on
the shear wave velocity of the soil layer. Seismic analyses were performed with 12 weak or moderate earthquake records scaled
the peak acceleration to 0.1g or 0.2g and deconvoluted as earthquake records at the bedrock located at 30m deep under the outcrop.
With the study results of the elastic seismic response analyses of structures, new standard response spectrum and upper and lower
limits of the site coefficients of F, and F, at the short period range and the period of 1 second are suggested including the effects
of the structure-soil interaction, and new site coefficients for the KBC code are also suggested.
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S Max. Response. (m-sec) Natural . Epicentral ..
e - . Duration . Site
No. EQ. Name Component ~ . Period (sec) Distance Class
Acc. Velj Displ. (scc) : (k) as
1 ) St. Louis, USA 1.044 0.126 0.039 0.13 80.00 -
Simulated EQ. - -
2 Seoul, Korea 1.072 0.047 0.002 0.27 20.00 -
3 E-W 1.885 0.056 0.009 0.15
San Femnando 1971 36.89 24
4 Lake Hughes N-S 1.497 0.084 0.019 0.19
Bedrock
5 . ARM270 1.015 0.052 0.062 0.17
N. Palm Springs 1986 11.05 46
6 ARM360 1.267 0.034 0.005 0.15
7 i i E-W 1.139 0.074 0.008 0.21
Northridge San Marino 1994 40.00 15
8 SMA360 N-S 1.467 0.073 0.011 0.16
9 Parker Field 1966 C12320 0.620 0.068 0.035 0.16 4411 15
10 Loma Prieta 1989 PJH315 0.697 0.091 0.034 0.40 40.00 78 SB
11 ChiChi, Taiwan 1999 TCU046 1.300 0.398 0.374 0.18 85.00 14
12 Ulgin, Korea 2004 | WSC N-3 0.07 0.023 - 0.15 120.00 140 Bedrock
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S RS. 1 0.194 0.203 0.275 0.404 0.697 0.455 0.296 01 =t <05
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’ s R.S. 1 0.107 0.108 0.111 0.113 0.155 0.276 0.299 04 <t <20
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2.0 10
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for Linear Soil : 0.10g Deconvolution

Surface Mat FDN.
R=15m H=30m E=1.0m

—#— [BC Cs= 800m/sec

po-00-0-0] —— 400 m/sec
—h— 200 misec
—— 100 m/sec
—&H— Stwdy Cs= 800 misec
—— 400 m/sec

—t— 200 m/sec
100 m/sec

054

00 . 05 10 15 T(sec) 20

Elastic Response Spectra of SDOF System
for Linear Soil : 0.10g Deconvolution
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Surface Mat FDN.
R=15m H=30m E=1.0m

—&— BC Cs = 800 m/sec

— 400 misec
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— 100 m/sec
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— 400 misec
—a 200 misec

100 misec
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F, T,=021,
010 RS. 2 0.7 0.74 1.0 1.8 2.5 2.0 13
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Elastic Response Spectra of SDOF System
for Nonlinear Soil : 0.10g Deconvolution

Sa(g)

Surface Mat FON. on Soil Type E (Cs=200)
R=15m H=30m E=1.0m

Average + 1 STD. Devation

— = = = Design Spectrum 1

e Design Spectrum 2
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Elastic Response Spectra of SDOF System
for Nonlinear Soil : 0.10g Deconvolution
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Sa(g)

Elastic Response Spectra of SDOF System
for Nonlinear Soil : 0.20g Deconvolution

Surface Mat FON. on Sail Type E {Cs=200)
R=15m H=30m E=1.0m

Average + 1 STD. Deviation

— — = = Design Spectrum 1
— Design Spectrum 2

0s 10 15 T(sec)

(13 14) EtMMean+S.D2HSpec. 0.2g(H|AMEH E)

(& 5) HMXH MAAUES TI&E Sps@t Spr

Sa(g)

Elastic Response Spectra of SDOF System
for Nonlinear Soil : 0.20g Deconv slution

Surface Mat FDN. on Soil Type E {Cs=100)
R=15m H=30m E=1.0m

Awerage + 1 STD. Deviation

= = = = Design Spectum 1

Design Spectrum 2

0.0 0.5 1.0 15 T(sec) 20

{718l 15) EtMdMean+S.DSESpec. 0.2g(H|AME E)
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Response ARSR; ec)
Spectrum | Rigid ‘B c D E W 7
RS) 4800 1000 800 400 200 100

RS. 1 0.782 0.254 0.055 01 <t =05
RS. 2 0.782 0.384 0.058 01 =t = T,+0.2
RS. 1 0.171 0.304 0.046 04 <t=<20
RS. 2 N/A : Linear Site 0313 0.403 0.052 Sp1 = SDS*(T;;"'-O D
RS. 1 1.802 0.355 0.068 01 =1t =05
R.S. 2 1.802 0.549 0.070 01 =t = 7,402
RS. 1 0.394 0.533 0.065 04 <t <20
RS. 2 0.811 0.604 0.050 Spi = Sps™(T,10.1)

WAl F2 A

Response , - RISV, m/sec)
Spectrum | Rigid °B C D E
; H 11
R.S.) 4800. | 1600 800 400 200 100
RS. 1 2.84 0.92 0.20 3
To =02 T,
RS. 2 2.84 1.40 0.21
RS. 1 1.54 2.74 0.41 Ts = Sps/Spi
RS. 2 i . 2.82 3.63 0.47 T, = T,+0.1
N/A : Linear Site
RS. 1 328 0.65 0.13
7,=02T
RS. 2 3.28 1.00 0.13
RS. 1 1.77 2.40 0.29 T: = Sps/Spi
R.S. 2 3.65 2,72 0.23 T, = T,40.1
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