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Fig. 1. Soil- Structure model used in this study
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Fig. 2. Response spectrum of selected earthquakes
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Station Name Event* Mag. Year E(IIS;?** A Ve Dq As Vg Dq

[g] [em/s] [cm] [g] [em/s] [em]
LA - Hollywood Stor FF 1 661 1971 22.8 02 217 159 02 169 129
Delta 2 653 1979 22.0 03 330 202 02 263 147
ir?;f:fi:glm‘:’;dhfe 3 6.54 1987 23.85 02 3621 28.68 0.18 31.67 2227
Westmorland Fire Sta 3 6.54 1987 13.0 02 323 223 02 235 150
Capitola 4 693 1989 152 05 380 7.1 04 296 49
Hollister - South & Pine 4 693 1989 27.9 0.4 630 323 02 309 197
Hollister City Hall 4 693 1989 27.6 02 455 285 02 389 194
Hollister Differential Array 4 693 1989 24.8 03 442 197 03 358 146
Beverly Hills — 14145 Mulhol 5 6.69 1994 17.2 0.5 667 122 04 593 155
Canyon Country - W Lost Cany 5 6.69 1994 12.4 0.4 444 113 05 41.1 146
LA - Saturn St 5 6.69 1994 27.0 04 416 50 05 372 44
Santa Monica City Hall 5 6.69 1994 26.5 09 416 152 04 250 74
Shin-Osaka 6 690 1995 19.2 02 313 84 02 218 97
Duzce 7 751 1999 15.4 03 589 44. 04 557 250

* (1) San Fernando; (2) Imperial Valley-06; (3) Superstition Hills-02; (4) Loma Prieta; (5) Northridge-01; (6) Kobe, Japan;

(7) Kocaeli, Turkey.
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Table. 1. Characteristics of selected earthquakes
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Fig. 3. Effect of dimensionless frequency on A parameter in soil-structure systems with different ductility and aspect ratios (average
of 15 earthquakes)

Ol iy 5 S50ka 5 pd e wlS IS5 (Kol
Wlinl 555 G5l 3 6 a8, L bl 2 s il
e s oS5 (Sals 1 GRS 18
sdalin LB a5 s dalps il cpl ialS Coge OF 5
Sl Gl o e s il 55 5 Uil S
s S50 8 ol O ol ol s A5l e RS,
Ao Gt g pdyoillan) 28 o B 4 ojlmS
dole Wajla p0s &S Sh50 3 5 AL o o s 55 5 )
o F ko R s 35l 0 5 e el ]
ST e 44 e 33 1 RSO D GIBIL s S

Al el il

&

S ilS p (Kals p shng Comd S Y-V
I P Sl g Say S B s
53 3hodal s b bl (S0le i i (oS
@3l e Ok 5 b s losle ol asls S
e o plailen ol odd a3 (8) IS s Ut
R SN [ NIV TP [ IR
A S 53 s S (Sals S (sl
ol st 5, mals b5l ol & (Sl dal g ¥
RSl Sds il (s Cole w s e S sgie
Aals el o 1y Gl 5 (Sl st S G151
o o8 st e 5 L slaasla s 1 ol ok s

ool 5,8V 2 51 ot b s (8l L s ol ity



VEY L/ esled / YE 6 ss ooke Ol e owlige cibsh — Lede ales

A0%)

(W3310 5:S0le) e (g s JSE 5 dn (g 3 L o3lam S Glagionn 53 A il 2 sda S 318 IS

14 14 14
12 | =2 | ceceeees H/r=1 12 nw=4 12 {pu=8 ap=1
10 10
8 8
6 6

4 4
(2):__,\\*””_,\___‘__/_{:, 3% e

-2 2 \
-4 4
-6 -6
-8 -8

14 14

T (sec)
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Abstract:

In seismic analysis and design of conventional structures, it is generally assumed that the soil beneath the
foundation is rigid and, thus, its flexibility is not taken into account. Soil flexibility can affect the response of
structures through complex phenomenon of dynamics soil-structure interaction (SSI) effect. It is believed that
effective soil and structural parameters could in some case significantly influence seismic response of
structures in different manners and conditions. In this study, through an intensive parametric study, the effect
of frequency dependency of impedance functions on constant-ductility damage index parameter of soil-
structure SDOF systems subjected to ordinary strong ground motions were investigated. To this end, the soil-
structure system was modeled by sub-structure method and the foundation was modeled as a homogeneous
elastic half-space using the concept of the cone model. The soil-structure systems with shallow foundation
were modeled based on various SSI key parameters, and were then analyzed under 15 earthquake ground
motions recorded on soft soils. Results of this study show that, in average, the maximum effect of excitation
frequency dependency on seismic damage index is referred to the intensive SSI models, slender structures and
with low level of inelastic behavior, which, in critical case, will occur in one or limited values of fundamental
period. The maximum mean value is about 13.56% which cannot be considered as a criterion for practical
application. Therefore, to have a logical criterion for practical purpose, the average values of entire periodic
region in 15 earthquake ground motions were computed and, then, the maximum value, i.e., 5.76, was
considered to make a decision. Overall, the results indicate that for soil-structure SDOF systems with shallow
foundation, frequency dependency of impedance functions on damage index of structures subjected to
earthquake ground motions would not have a remarkable effect and thus can be practically ignored in seismic
analysis and design of soil-structures systems with shallow foundations. This finding being debated by
researchers can lead to using a simple soil-structure system with less computational time and effort.

Keywords: Seismic damage index, Soil-Structure interaction, Inelastic behavior, SDOF systems, Impedance
functions, Excitation frequency dependency.
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