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Abstract: Site conditions and ground-motion frequency characteristics play a significant role in structural response and seismic
damage distribution. However, the current structure fragility analysis techniques have hardly considered such effects. Taking
the ratio of peak displacement to peak acceleration (i.e., Rdaz) as an index, the ground-motion records collected are subdivided
into four groups. Meanwhile, based on the site average shear-wave velocity (V5), the site conditions are classified into four
categories which are bedrock, hard site, medium-hard site, and soft site. Using the OpenSees software, a simplified model for a
six-story reinforced concrete (RC) frame structure on a single soil-layer site is built. The effects of ground-motion
characteristics and site conditions on the fragility curves of structures for different structure damage stages controlled by the
maximum structural inter-story drift angles are investigated using the incremental dynamic analysis methods. The analytical
results indicate that: (1) The frequency characteristics of ground-motion greatly impact the fragility curves of structures, that is,
the probability of structural damage under ground-motion loading of large Ra2. values stays higher than that of small Ra2a values.
(2) The site conditions, nevertheless, impose definite influences on the structural fragility curves. Such influences correlate with
the structural damage states, e.g., when the structure is seriously damaged, the possibility of structure damage tends to increase

with the increasing stiffness of sites. (3) The site conditions maintain relatively smaller influences on the structure fragility
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curves than the ground-motion frequency characteristics. (4)

The influences of the ground-motion characteristics and site
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fragility analysis, especially during selecting input ground-motion. The investigation of the influences of the site conditions and

ground motion characteristics on structural fragility herein by a simplified model provides a reference for the structure fragility

analysis and seismic damage prediction techniques.
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=1 ORBEIMESH

Table 1 Material parameters for concrete
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Table 2 Material parameters for steel
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Table 4 Ra2a values of different ground-motion groups

I <0.0025 50
I 0.0025~0.005 50
I 0.005~0.02 50
v 0.02~0.04 50

3 LHFHIZImME T
3.1 EEMIERFR K EMNIER

FEEAT SRR By Bk A 2T, 7 BN S5 A
BIRREHT E BRI BRIZANIAL I Omax 1F TR
MEAE R VERERIHRAR ARG RE L, 7T DA SRAT R 45
AN IR DL - 225 CRFIPTR BT TE) (GB50011

—2010) HHILE B G B A A AEAN R BEAIRES T Y
B K Z AL FBRAEL, R S5 R ORISR 70 e 5 4
gy, RISEHF. BAMEEIA. hEERER. AEERAM
PR 27 N B0 YA D EAY 18 5 SN TR A 2 92 5F - €[/ B
PR THE S BIRERIT, ANE S RITE AL, L
X HE 4 ANBIREE T SR S AT 2

£5 (BFIZIZTHIE GB50011—2010) MR EIRELR

FRTHRARREZRAEIRE
Table 5 Maximum inter-story drift angles in Chinese seismic

design code for buildings (GB 50011—2010)

Bl T8 AR PR
sty o
RN m wsk wk mk
Ouna <1/550 1/550~1/ 1/250~1/ 1/120~1/ ~1/60

250 120 60

3.2 LEMES WM

SERIHORE 5 40 1 Hh 22 S B T 45 R AE A R b R B 5
FE TR BOE, & AT By B 43 B A XU VFAl 1) =
BUKYE . NHE RS ERIAE o0 S5 M 8,
R b BN R FE FR AR B AR R B R O S HER B
NP Gy Pt 26 1  AE B 25 SR o i v, 1 5 R A IDA
THE T A5 W L, S EUAN [F) 78 B 5 B 254
R JZARLRS s, P AECA R T & 15 31 45
PRI LR 4 e 28 . B AR R W R : 383 OpenSees
AR AT B I B, A5 B A B OK T
KL% #1 5 B N Hh F= 205 FE AR A (0 AH 5GP () 1 B
B, SR R BT 0 HOEAS 3 A AL R {5 5 5 B
M T2 (B collapse fragility tool, fi] CFT) #8154
PIEM G ZE . CFT TR —FRE T 451430710
Mg AT v m A G Bt R B4 & TR, i
MR AR R, AT I A A5
3.3 MIERNSTIE XL 5 I 1 F20

I EETHE, B 4~7 2Rl T B,
Wyt W HOANIE, AR RE Shi A B it th
Zxftl. HEI47TLLEH, ARHIES RN TR
+Hh I RC S5 Gtk th & A e 2R, R4
Gy VE RN ZEBEAE Rana IO T 5, 0 HLAX D 22
S PIEIIRES A . B 5~7 o nl izt fil
H R A AN R o AR BN R, RC 454411
St e Xt b 5K R TR, AR HL
SER G AR M ZRIIBE G Rana IS KT, 170 H. Raza
XG5 R Gy A s e B . (B R, RS T4
MR BN N AR R A BN, WK 4 (D
FEEEING) et 2o . BAERS M, B 1A
MR, S5 R DUR A= B IA, (HAA %
EAR N



HET 2 W, SF SRR R S R 45 ) ) 45 (K RS R T 225

— IS -BHar - -1 -BHasR — [ E- SRR - 1AL aR — I bR EER - -1 KL A HER 1R - 1R ERER
- - M- -BHEE — VK- HHaur - M- TR ERER — V- E R

£t #

0 0204 0608 1.0

: s e -
0 0204 06 0.8 1.0 0 0204 06 08 1.0 0 0204 06 08 1.0

PGA/g PGA/g PGA/g PGA/g
(a) (b) (c) (d)

4 FREISEMFENRAN TR LI ER IR Lt b

Fig. 4 Comparison of structural fragility curves on soft soil site under different ground-motion groups
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Fig. 5 Comparison of structural fragility curves on medium-hard soil site under different ground-motion groups
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Fig. 6 Comparison of structural fragility curves on hard soil site under different ground-motion groups
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Fig. 7 Comparison of structural fragility curves on rock site under different ground-motion groups
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Fig. 8 Comparison of structural fragility curves obtained by inputting ground-motion group I for different site classes
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Fig. 9 Comparison of structural fragility curves obtained by inputting ground-motion group II for different site classes
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Fig. 10 Comparison of structural fragility curves obtained by inputting ground-motion group III for different site classes
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Fig. 11 Comparison of structural fragility curves obtained by inputting ground-motion group IV for different site classes
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