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Effect of Eccentric Structures on the Seismic Performance of Buildings

CHEN Xiaobing' , OUYANG Zhiyong®, LI Yadong®

(1. Guangdong Polytechnic Institute » Zhongshan 528400, Guangdong , China ;
2. Jiaying University » Meizhou 514015 » Guangdong » China s

3. Guangzhou University » Guangzhou 510006 » Guangdong » China)
Abstract: Eccentricity has a considerable influence on the seismic effect of buildings. In this
study, the seismic responses of three common frame structures under the action of eccentric
torque were numerically simulated. The influence of eccentric structures on the seismic perform-
ance of buildings was analyzed through three-dimensional nonlinear simulation of a six-story
building model. Maximum inter-story displacement was used as the measurement standard, and
fragility curves were drawn to analyze the results. The results show that if the influence of acci-
dental eccentric torque is ignored, then the seismic performance of the steel-structure system will
be overestimated, thus affecting the safety assessment results. Conversely, if the influence of ac-
cidental eccentric torque is considered using 5% mass eccentricity of the entire floor, then the
seismic performance of the steel-structure system will be underestimated.

Keywords: eccentricity; seismic performance; static nonlinear simulation

5 B #:2017-08-20

EEWA HFE [ RPEE 4 E S H (51438004) s 20 ¥E18 41 BA & &3+ %135 H (IRT13057)

FE—EFE N HE/DEQ983—) B RN ML, PRI B 587 1) S PUE SR, E-mail: gdexb2004@163.com.,
BEMEE BRIHEE (1985—) B AR A L R8O BF 5 05 1) TR mE =X 45 M H0E .



5440 & 4 4 M)

Wi/ S L 26 S0 D 05 X L 7 1 T 653

0 5|5

T AF Rt 54 b by SR A A L i S R M
Hofh Bt IR, E = ERY L N A Y R PR
PEBE AT 7E A% GUHE 28 45 44 rb 1 U RHE Ok 42 = 451 1)
IR . R ESR AT DX HE 48 25 44 34 47 o [, 48 2 5
A LR Y AT SE FE RN BEAE Y R 32 00 RE T L[] B X
F 3 R A 2 77 A S 2 i DR G A R B 0 % 1 T
AR Z I3, HHTE T 0845 R S
FUE FEHE R i L AR HE S 1 T SR R E 2R
RY . NPT =R S5 R GEAE O LR AR TR /Y
52BN AL J e T A T Sy R A g
SR JF 5% Y HURE R W50 M O
XF =G5 R G PR RE R R

ASCR M 6 2 By S B RL, A S 0 - T AL
BN ARG ) CRpa)) L8, B At 1) R ) =25, s i
B9 m,1 R HPkE I, SR 45 m, HAl R
EREES R A m(E D,

sEEEm

i
i
U

g
o
£
o
7
=
o
B1 #Zamstsatral
Fig.1 Structure plan of the building
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Fig.2 Three structural models
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Table 1 Component size and material for MRF System'?]
T K (A572) 2 X (A36) 2 7 (A36)
6F~5F Box500 X 500X 19 H480X300X11X18 H380X299 X9 X14
4F~3F Box500 X 500X 22 H490X302X13X21 H500X 304 X 15X 24

2F~1F Box500 X500 X 25

H580>X300X12X20

H580X300X12X17

1 : Box RRFETIGE, LLF %K Box BAHE . 3 X, 3 Z 5 ERmIE X M Z i, LT RP R X2 Z BHE

%2 EBF RGMHERT5H B

Table 2 Component size and material for EBF System

FER HE(A572) X (A36) 7 (A36)
6F~5F Box400 X 400 X 25 H580X 300X 12X 17 H580 X 300X 12X 17
4F~3F Box400 X 400 X 22 H480 X 300X 11X 18 H480X 300X 11X 15
2F~1F Box400 X 400X 19 H480 300X 11X 18 H480X 300X 11X 15

iy W H#E X(A572) FHE Z(A572)
6F~5F H440 X 300X 11X 18 H440X 300X 11X 18

H300X300X10X15
H300X300X10X15

4F~3F
2F~1F

H300X300X10X15
H300X300X10X15
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Table 3 Size and material of connecting bar in EBF System

iR 7 X (A36) 7 Z(A36) K /m
6F~5F H580 X 300X 12X 17 H580X 300X 12X 18 1.35
4F~3F H480 X 300X 11X 19 H480 X 300X 11X 16 1.35
2F~1F H480 X 300X 11X 18 H480 X 300X 11X 15 1.35
& 4 BRBF RLEMMH4RT 5415
Table 4 Component size and material for BRBF System'*!
LAY FE(A572) BRB X (A36)  BRB Z(A36) 7 X (A36) 2 7 (A36)
6F Box400X400X19  Ac=25 cm? Ac=35 cm? H480 X 300X 11X 18  H380X299X9X 14 H380X 299X 9X 14
5F Box400X400X19  Ac=25 cm? Ac=35 cm? H480X 300X 11X 18  H380X299X9X 14 H380 X 299X 9 X 14
iF Box400X400X22  Ac=50 cm? Ac=55 cm? H480X 300X 11X 18  H390X300X10X16  H440X300X 11X 18
3F Box400X400X22  Ac=50 cm? Ac=55 cm? H480 X 300X 11X 18  H390X300X10X16  H440X300X 11X 18
2F Box400X 400X 25  Ac=50 cm? Ac=55 cm? H580X300X12X17  H390X300X10X16  H440X300X11X18
1F Box400X400X25  Ac=60 cm? Ac=70 cm? H580X 300X 12X 17  H390X300X10X16  H590X 302X 14X 23
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Fig.3 Plastic hinge model
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Fig.4 Map of eccentric torque

1.2 MEHEM

AR 8 ZH AN ) i [v] by A5 %) b 2 o 3 52y s
0  HEAT AR AR R ) Ty iR A . b R 20 S
5, SR A b R P I R LA R R b 3R
¥ (Peak Ground Acceleration, PGA) Ml LA 1E #i
B E¥ PGA %%, 0.1g,0.2g 50+, 3.0g %, L)
HEAT 5 S Sy v o A
1.3 EHEiRE

AN SCR R R RS A S B 4 bR . R ML
iy BB J2 18] 0 (2 8% 2 C A R LAZRE )2 780 BE () T
R ME )

0=A/h @b



5440 & 4 4 M)

BR/ANI | 25 -l SR DO 295 40 X FC A7 9 11 RE 1) 52 T

655

e L 7= Py It BN i A S R AT 3
B AT AR )2 B JZ AL 8% A . AR SR A 10 i K2

)32 7% £ 5 >R FH kT B 400 18 T 4 1) 3l 75 468 403 3 Ak O
LR AT EE R R BURE PR RE 2 BT

£5 WERRARY

Table 5 Seismic record information
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b 7% b4/ B TR/ R I 51k Mo/ M W /km s B/ g
Chi-Chi CHY010-E,1999 4E, &% fifi 37 b, 7.6 25.39 0.227
WEAHL 1979 4, K E HRLR 6.5 8.3 0.349
S #1995 4E, HA () + 6.9 0.6 0.821
2 s, 29 B R, 1992 4F, K Wkt 7.3 11.6 0.274
Llolleo 010,1985 4 . 2 F WAkl 7.9 34.1 0.712
% D BB, 1989 4, £ Wk + 6.9 31.6 0.134
Jei8,1994 4%, £ H IR+ 6.7 16.3 0.187
XK ZMEE M Ys,1971 4, £ H s 6.6 31.7 0.088
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Fig.6 Fragile curves of three types of steel structures with 5% mass eccentricity of the whole floor
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Fig.7 Fragile curves of three types of steel structures with accidental eccentricity
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Table 6 Influence of eccentric structure on three systems

GLER | Te A0 5 %6 fi L Fifs ML 2 41 L
0=0.7% PGA/g 0.170 0.140 0.156
=109 18
MRE Pi=10% FrifEfL 1.090 0.967 1.000
0=2.5% PGA/g 0.624 0.586 0.622
Pi=50% PRk 1.008 0.943 1.000
0=0.7% PGA /g 0.264 0.216 0.238
=100 SHE
BRBE Pi=10% trifEfl 1.100 0.913 1.000
0=2.5% PGA /g 1.220 1.068 1.184
PGA /g PRl 1.030 0.902 1.000
0=0.7% PGA /g 0.268 0.225 0.249
— 0 s 5
BRBE Pi=10% FrifEfl 1.075 0.910 1.000
0=2.5% PGA/g 1.326 1.164 1.268
Pi=50% [aniiXta 1.047 0.915 1.000
FRODR SR I %R 19 PGA B sk 4> B9k 16 17 7.7%
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