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Abstract: The purpose of this study was to analyze the seismic vulnerability of the post-earth-
quake reinforced concrete frame structure in Wenchuan, China. High earthquake intensities and
large areas that are affected increase grievous personal and economic losses. Based on disaster
investigations, reinforced concrete frame structures accounted for the high proportion of buildings
destroyed. Researchers at Cornell University in the United States proposed a probabilistic method
that considers the influence of different seismic intensities in the same area.From a quantitative
standpoint, this method can evaluate the seismic hazard level of the target area within a given time
period using ground motion parameters and probability analysis to facilitate the engineering
seismic design process. A simplified method for assessing vulnerability based on ground motion
parameters was proposed,and vulnerability curves for the reinforced concrete frame structure in
Wenchuan were drawn to describe the probability of the various levels of damage. The curve
between the ground motion parameters and the annual probability based on the Cornell University
theory is accurate,reasonable, and somewhat conservative.

This study used the finite element software OpenSEES to conduct nonlinear static and
dynamic history analyses.The OpenSEES software is widely used because of advantages in its fi-

ber model division, higher computing speed, and better accuracy. Approximately 300 samples of
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the structure were established using the OpenSEES software in order to perform the nonlinear
static analysis. During the analysis, the yield displacement and the maximum story drift were
chosen as a measure of the level of seismic capacity in the structure. The two-fold energy
equivalent yield displacement method proposed by FEMA273 was also used to determine the yield
displacement of structures and maximum story drift. Research methods that consider the
probability of earthquake ground motion parameters by combining Latin hypercube sampling,
nonlinear static analysis, dynamic time history analysis, and statistical regression analysis are
effective for the assessment of seismic vulnerability.

The relationship between the ground motion parameters and failure probability curve can
intuitively represent the seismic performance of the structure. Because the method is based on
probabilistic seismic demand and aseismic capacity, the prospect is good for its application in
seismic vulnerability analysis. The level of damage table and corresponding inter-story
displacement angle limit table contained in this paper reflect the characteristics of the building
structures and seismic features in earthquake disaster area. The table was based on Wenchuan
earthquake survey data and structural seismic codes in China.Combined with the results of the
HAZUS risk assessment,it represents an effective standard for evaluation.We also concluded that
the proposed method for vulnerability assessment based on ground motion parameters is feasible.
With the inputting parameter of the PGA, the correlation of the maximum response of the
structure decreases with increases in the natural period and the corresponding probability of
structural failure is enhanced.

Key words: earthquake engineering; seismic vulnerability; seismic hazard; reinforced concrete
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motion annual exceeding probability
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Fig.1 The ground seismic hazard curve
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Table 2 Parameters of the frame models

B GS HEE/ (mm X mm) B/ (mmXmm) AR P ] =/ mm 5 /mm AR AW/ s
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FRAY 2 400 X500 250 X720 8B18 6B18 2 800 X8 7 800+2 800+7 800 1.5313
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Table 3 Statistics of the maximum inter-story drift angle
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Table 5 The maximum inter-storey drift angle for RC frame

buildings in suggested damage state in Wenchuan area

2001 Fif B9 857 2001 J& AY @54

Bk - - - -
Tk SN ] L3S Sy NALL| ik
“ %% f LISi7 Rz 3] I
BREBOPRE  0.00025 A, : H 0.000 4 24, + H
AR GRS 0.000 4 34, + H 0.001 1A, + H
JEEBIRE 0.000 8 8A, + H 0.0018 104, : H
SEAMGIRE 0.0025  >8A,: H 0.004 >10A,: H

A N RO s H S B .

i o A i AR UE IS A A R AT E @ (o) I
B AR B PGA BIEARA KX (13) Hr, BVAT 3R A5 45
FAE AN [R) 1 7% 50 5 A T 3 210 A B BR 285 i) 2% &k
R R 2 ) M R ) K

W 520 11 B Bk i 4 R 1 BRAL 2 19 5
PAE MR 2 6 T /) — A bR R L AN 3 BR ., &Rt
& B = AL 2540 T B v i 2 i R A R A Oy L B A R
JE 0T ) 348 T 23 ) 5 A 8 403 R A B R R e
Ko EAENBOPRES Y BIRRIN . M5 T
JE A5 RS B TR A S /2 HE SR L S R HE S
fSF-3 KH 15.03 %6, 7N JRHE AL 1 bE = R HEZL 1) °F- 3
oM 11.25 %0 5 2445 K4) &b T v B 453 3 AR A ), 0 I A
HAE N ZRER Y LS B HEZR - F- 24 R 19.77 %0, 78
JEHEZLIY LE = B RESR -3 K 16.27 06 5 2 25 kg Ak
T E B R A B B R R A R RESL Y LS 2
HEZE S35 K 21,63 %6, N ZHESL I L = )2 HEZR 1Y)
ST 20.08 Y4 5 24 S5 48 Ak 58 4 5 A5 R A B
IR R A V2 HE 22 A Bb /S 2 28 9 S 2 K 1.
76% N IZMERW L = EHEZR R 8.13% .
ANHE & IR Y 25 K b 5 R b R R R IR A
S5 R W 1R R A0 4 48 K e UK E S R I AR
B7E 58 4IRS B 4 & AF 9878, 3 nl R 5 45 4 AR
it KA XK.

4 HHHFEFHBERR

T — 7 B (5] PN 5 ) 14 i) o7 160 7 e — A R A 1Y)
WEAEAT LU (15) 2o
Ps= > P[Ls/I=x]P[I=x] (14

H, P[Ls/I=x |RREEBREN =2 HEA LS
P R R0 %, B B B itk s P =2 1R &
AR T = MR R RE R 58 i bR S B M A b
G

D] Sy 1 5 2 5 85 R 245 A R RS R B & R
. 1T LK (15) s A B Ar i 200

PLs:iﬁLFR(I)dGq(x) (15)

Hrp Fr(a)=P(Ls/I=2),G,(z)=P[I=x]K
M 7R ) & AR SRR T BT o

B (15) A8 e nl 45 .
dG, (z2)

Z LA BT, AR A 4045 K PR S Y
IR EIL S TR 6. WK 6 ATLLAE M, [ —
23K 1A A Y- 149 A ME A A A 1 B3R T R AT A )
5 A F AT S g AR AR B IR R U0 A o g
X5 45 A 72 B 8 1k 1 o0 B 4 R — 2L

o6 BENMEBABHEBRGAKFEFRSEHEFHEER
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