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Research and Improvement on Seismic Performance Evaluation
Method of High-rise Building Structures

MA Kai-ze', LIU Bo-quan', YAN Hong-liang', LIANG Xing-wen’
(1. School of Civil Engineering, Chang’an University, Xi’an 710061, Shaanxi, China;
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Abstract: In order to calculate the influence of high-order vibration modes for elastic-plastic
analysis of high-rise buildings, based on modal Pushover analysis (MPA) method, the capacity
spectrum theory was used to take the place of dynamic time-history analysis. Converting the
acceleration response spectrum of current code into displacement response spectrum, the
displacement response of equivalent single degree of freedom system (ESDOF) in each vibration
mode could be calculated by capacity spectrum method. Then, the displacement response of
multiple degree of freedom (MDOF) could be obtained too, and it was used to compare with the
objective displacement of each performance level, judging whether the structure satisfied its
performance objective requirements or not. The results show that the method is reasonable to
reflect the requirements of the structure under design earthquake displacement.

Key words: high-rise building structure; seismic performance; evaluation method; modal Push-
over analysis method; capacity spectrum method; displacement response spectrum; performance

objective; elastic-plastic analysis

0 B = FIF B0 7 P 8 2 3 F 1k BB 0 B R R 3Ty o 1 A
= Ve fg [ S > — D), a0 P R AT T SR R 46 b
5 6 T 2 380 0 0 05 WD FE S A8 R K MDA AR SN AT LA S e A ) 7 Ak 1 T R 0 BN

Y5 B H#A :2012-09-12
EETHE: [FHK A RBEEETH (51078305,51078037) 5 [ - 5 Bl 2 2 4390 H (2012M511958)
EHE BN DIEPE (1981, B, NZE A3k AL FI , 1251 1 . E-mail : topmkz@126. com.,



%43

R ER AT SRR O v o SR T AR e AR R D
(R 7, G 3t 5% B 1) e ISR A8 SR I E D SRRk
FARAE 0], P BOLAE AP ELAHE N . PR
R T iy O DA T PP A 25 A PR MR RE 1O T ik B AR
EHEE,

i Sy s 43 B (Pushover) J5 B J& — Fh 155 45
A Sl 2 b 52 o 7 1 T8 07 125, R AR B T2 )
M o A& Gt Pushover J7 ¥k 1 73 #r 45 2R 52 A 6] ]
B 52 A K H— g RS T 250 U 8 DA
1R ALy 32 0 45 0 L JC VR 25 I R Y R B 04 B
It » Chopra %M JEF9 k22 1 ey B 45 440 14 R 1) 41 7
O3 BB i R T BEZS Pushover 43 A (Modal
Pushover Analysis, fij#k MPA) J7 . MPA J7 7
PRI 53 A D B, R 4 5 1 9IR TR 9 54 g 5K A Rz
%) 3 5% 53 A R L R SR 8L 530 54T Pushover 4y
BT+ SR 5 R IR U2 45 J7 12 (SRSS) 5 45 i 78U 1) 1 7%
SR #E AT A R R AR RN X R T ik
Pushover 73t J5 ik 5 IR B3 iR ik AR & . B 18 T 5
W41 284 1) 52 00 L T HLAE Pushover 4347 I 5% FIAS 22 Y
AN 1) A7 288 23 A R B AR AR O AR L S B Y
WAL T .

ARICHEF B MPA J5 i 3047 3k, R )5
2 & v E M R SN 6 MPA 5 35 E AT 0t L B
FH 7 125 VAl B AN TR BE - 57 ) 55 451 i U RE PERE .

1 MPA SR

B Pushover J7 ik i i B2 M AH 6 A X HE & Al
S SCHRCT ]S oAb HO2 i vk 1 5L St 45 3R
MPA J3#i25 BANF

HBE 1SR HEAT B IR 8h A3 AT SR A% B iR
R R ICHT m B4R B8 R A7 40 AT o 31 545 B i AR 1 ik
R A RUR R AR 2 5 250

R 2% T BEE 0945 B R AL, AN AR PR A,
Fe B 5N B E 5 PRTUAY Pushover fil1Zk.,

(DX & M Jita 43 A i F; = Ma, F 00 1] 47 2%
Horp o Fy ) i) 755 488 B s ML, @; 43 0 o S5 0 1 AT
RO A 5 iR R (L B 5 4K 5 X 45 4 1E 4T Push-
over 43 #T .

(OB BArhifs, B HE B B % .

AW 3R HE 1 P BLRLESS j BR ALY Push-
over HIZRF DL F A SRk Eqtk. B 1 iy B S oh
HARBLAE Sy, R TR s wy, R TR H RS oy,
N RAERS VN BB 1, Vi, NIRRT .V, ok
005, E bR B 7o 1oy ) SRS 5 77 .

LRE.F o EEAEMRE LR ITE T FOA TS kit 33
Vy
S BR fiE 7 2k
. — == é
[T 0L 7 e 7 22
0'6VYI Y :K :
o u:ﬂ,‘ u u u

B 1 BENEZLHEL
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Fig. 3 Response Spectra of ESDOF System

OB ARIE A B 2 4 R B Ok £ 3
A R 7K S 6 7 Ay i 7 XU 7K A7 SR BLAT RS o
ONFET R ERURICRRET. KT RALS L .C
Sy 3 AP R T 7E i B R 3 PERE A Vs
Vi Ve ol 3 AMHEREKCE ISR T 7

MBI B B U T I R T
SE LSRR . SR A SC b B L T A

=t S PT o

8 AR BB LE 5 Co SV BLJE 5 0 O SIE P R
Wsa.b ¥ & B

3 AF[EMHEEKTFE ESDOF W iteE

3.1 “ERARF"EREKTE

H T 454 7 T R4 7 1 BE UK Ak T T B
B n S B o BT B A5 B R R ¢ B A B
e B IR A T, AR LRSS B .y T, n] ISR
TR j IR A AR AR TR . Al



% 4 L RE

Fom EAREHMRERRITE T EFNRL L Bt 35

DI B AT (A S R Wik MY ) (GB 50011—
2000) 12 v iRy Jon 3 3 2 N T Ak Ry 5 B8 S S B
T200.454+10Cp —0.45) T, Jamng
4r
T,<0.1s

T;Z )ZZ QAmax &

o 0.1 s<T;<T,
T

(10)

T,<T,<5T,

2 Umax
2
4n”

Tf I:O. 27772 7771 (T/
4t

5T,<<T,<6 s

—5T) Jan.g

0.05— Luy
0.3F 6

0.05— Lus
1+32¢

y=0.9+—"—F—F>—

7 =0.02+ an

-~ 0.05— Lu
NS 6.

Ao Sy MEEH A 5 PRI SRR R B R R A
F R AF 7 RE A 15 R AL s T, Ry 37 M REAE )& 9 5
,,,,, o R KT b R 5 ) 2R R R B Y LR e B B
f“EIT Xt R F NG R RN R RE” s e 57 B
0.16,0.45,0. 905y A ML T FEBLH AR EGp
FLE T B BRI R B WBHE R R
3.2 “RIEASREL"M“PLLEIRE" B KT
SEAAE“PRUE N B &2 427 5 By 145155 7 Pk 7K P
CaE AV B, S5 F AT B BSR4 B
PRI Z B BAA A H X G FTLLZ AT A
U, 3E BRI B B S s AR SC AT 5 R 45 B AR 7 43
TEl S8 s ELA O B 28R A 53V i B R 5 9 B

Bt —20, — B2 5915 0 45 4 A JL B 4 L AE 0l
F R PERE AP SR R T 0.1 s, HESMTE

“PRAIE N B 22 4RI B7 Ak ) 35 7 1R RE KT E E A R

PERY B AR R AT & 3 % R AT 43 Bovd ig 9 5Kk 44

py » PE TR A2 A 20000 1 oh BE AR R 5 SR ALHS
(D3 G AL TP Bt iy 35

F A =X (8) LA B At i B9 v 4 Jon 38 B s 1 3% » T
B HE AR
— th :V)][1+‘8](#1_1>]: (12)
men g Mg
HIFEy
a‘:ﬂx:y,z)o. 55 (13)
KR OMARAD L ATRISRE 4.
KA EHEMN

% >0.55 l
amax

< —
D=L D TRJ

R RALTF To~5T, B IR
GRS ne Y e IR T E2 DA N /A
Vi, :V}’J tpK.d, (#1_1): — L

o= (3
mie 8 m;e g jetf

[Tg/(T] /m)] 72 Qmax (15)

(15 B HR AR 0 AR RMERY R e al
K5 BUE M FiEARITE A E

(A=) /L2y
QX max 2

(14

)777901m\x -

1,
) B (16)

AT SR R (16) % 57
P MRS gy o A E S AN AT I IO
WEMEXHERA TR . A2 F S A A
P FITAS ey A0 22 (LAY 5 BE5E 1O SRR 2R O Ak
R I g fH

A 16D /Y IE L FE

<T, |—H <
L<T i =T an

BR AW 0 EHARAKX 7)) #4785, A

TJH%“/<ﬂbexﬁu@¥&ﬁmﬂ
ﬁﬁﬁﬁ%%?ﬂJlW&%>MbM§

NAREHIE 1.
(DL TF 5T, ~6 s B iy
MR P 3 m 45
Vi

(

mie g 01]:[7]2><O‘ 2y77}1(T]eff75Tg)]amax:
L 0. 27 = (T, \/If
‘ 1_'_3](/1]71)
5Ty Jaman .
A1) AT F AL ST T
(1_‘3;)/{[(STg_a]/amx—y]qz><o_ 27)2 .
1
1,9, B
O (19)

. (19) iE B E N

5T <T. |— i g
ST <T; /1+Bj(#]_1)\6s (20)



36 EHAFE TRFR

2012 4

4 LHI5Hh

Ko 25 RV BE Y S A I AR LT
BB AUE 8 LXK, [1 e, Bt MR oy 4N 5 2
M PURERN 2 . REELRIEFLN C60. 82
PR 4.5 m RS ZH Y 3.0 m. 3 )4
R EE b, WM. 1~2 2 b, =250 mm,3~25 2
b, =200 mm. 5 Jj §i 22 [8] 3 i % 52 0% 4% . 1% B0
1 O 600 mm HEAREREEIHK 130 mm. S5 F
A B ANE 4 Pros o SR MPA J5 35 00 Hr 45 44 45 Pk fig
IR B 688 75 5K 22 TR DB 4 A 2 7 1 A2 A E AR

© ——
- bl =4
3
O
o I S
® F U
- by
3
el
@

4800,], 4800 4800‘4800 4800,|,4800,] 4800

D @) ® ® ® @ ®
BH4 Z£HMFEEHE(EAS: mm)

Fig. 4 Structural Plane Arrangement (Unit:mm)
4.1 ZEMBETERARIF ERETM

BT 3 IR SEA S T T, . Ty 35008 T, =
1.25s,7,=0.32 5, T, =0.13 s, IR WS 5 2% 7.
Yoo¥s 3N i =1.50,7,=—0.72,7,=0. 43, K
- Hi 5= ) AR R R RAE B @ = 0. 16, H1 S5 A4 I 3
B % 24 B A% JE AR AR AT 3 B il SR LA Sar s See s
Se; 7 W A Sq =29. 6 mm, Sy, =6. 6 mm, Sy, =
2.5 mm,

2 IR A OISR K A% B IR 2R S R Bk B A R
MOLRS T oK e fb g 22 B b B2 45 0 AL B8 75 oK. R
SRSS LM Z AR AL TR . Hob TR /Y JZ [4)
M5 0

uy Uy 1 1

n, =~ 1307 L= 1000

b, HEEFTRZ B o J2) B JE & s w7353
ARG m By Yk B AR P RS S 0 R
n—1ZHYLLFE .

Hy T UL S AL I 2 2 8 R T R
REZKFBEB HARZEOR .
4.2 FEMBET“DLEE"ERETM

BEmF &5 F 2 B A MRS . ape = 0. 9. T, =

A=

0.6 s, %R 3 B P 78 it fin 0] 1) 43 A5 47 28K . I XF 45 44
43 W #E4T Pushover 43 #7 » iF 15 45 #4 Pushover Jil] £k
mE s iR

301
z
g 20
R
2
# 101
0 l(I)O 260 3(|)0 4(I]0 S(I)O 6(|)0
T 3 A7 #/mm
(a) A1
201
z 15F
S
;; 10
®
s
0 1I0 2I0 3I0 4IO SIO
T £ A7 #8/mm
(b) A2
151
Z
g 101
N
=R
0 3 5 ; :
T A3 A #/mm
(c) A3

5 Z5#3 Pushover B %k

Fig.5 Pushover Curves of Structure
(DTS EE 1 IRAELALRS 755K - #5252 i R 4L
ar=0. 18056 T, =1.25 s fRAZ(15) , AR i 4L
PERE o - WL R 0 = dY /dy =4, 1.dY o dy 5354
AR B9 H AL AR RS L R T, <

Y 23 B~ p Kl C__ _
T] 1+‘8](#1_1)<0Tgﬂ/3g:‘kvluﬁ dl /,edyl

295. 2 mm,
(2) %5 2 YR A RE 52 W R EL o, = 0. 544, G 4E

| Ny _ S /"7/
PR o = 5.5, TS T, [ <

5T, WK, IZE 2 I_RA T HWMMEB N & =
56.7 mm,
(5 3 WA E W R oy = 0. 68, LA

M S S R .



%43

LRE.F .o AEALE MR R IAE T ET L it 37

L) BEAT T AT AP RS e = 2. 8 55 3 4RI
MR HBRR Ny d5 =15.7 mm,

R 3 F LI of Cpams) <1, 11345 3R
ATAE . i IR AR RGO B R 25 B R B AR A el AR
RN TR 2 A S5 B L 7 5K L R
I SRSS JE 157 45 4 HE A4 AL RS 1 SR AT 5545 25 1) T
JZIZ LR ff 05 5Ky 0=1/143, /N F[0]=1/110,
Ul B 45 R 6 R 28 M R 7 Lk ) 8 M RE KR A
AE HARZOR .

T

(1) 51&5: 1) Pushover J5 A . MPA J5 i /]
A2 B v B i 2R A S ) T ELSE TS A 5
P18y 3t 72 SN o 3 Ao S T AR BECTE R TR 9 3
FEL MR E R EAOHE, fE SR MPA Jr ik
THE AR AR BIAR R AL

COARIEEEH 1 B4R JE 3 5 e 2 7% By 335 S 45 1)
A 4 L SR fige 45 48 1 LA i SO P AT Y . 1T R
PFGLAT A B R e T 45 M AR B s AR T Y
B R,

(3) A3 R F 17 A Y BHAE 55 98 1 B ) b 2k XS

SR HEAT PERE VAL, T A5 R A KRR B
It FORAF
S Z 3k
References:

[1] WOLFGRAM C,ROTH D, WILSON P, et al. Earth-
quake Simulation Tests of Three One-tenth Scale
Models[ J]. Publication SP,1985,84:347-373.

[ 2] FAJFAR P, FISCHINGER M. N2—A Method for

Nonlinear Seismic Analysis of Regular Structures

[C]//JAEPD. Proceedings of the 9th World Confer-

ence on FEarthquake Engineering. Tokyo: JAEPD,

1988:111-116.

GUPTA B,KUNNATH S K. Adaptive Spectra-based

Pushover Procedure for Seismic Evaluation of Struc-

tures[ J]. Earthquake Spectra,2000,16(2) :367-392.

[4] CHOPRA A K.,GOEL R K. A Modal Pushover Anal-

ysis Procedure for Estimating Seismic Demands for

Buildings[ J |. Earthquake Engineering and Structural
Dynamics,2002,31(3) :561-582.

[5]

L7]

[8]

L9]

[10]

[11]

[12]

SRIAL. BT BT P IM. Jbat. b B 5 Tk
AL, 2002,

GONG Si-li. Seismic Design Manual [ M |. Beijing:
China Architecture & Building Press,2002.
SHIBATA A, SOZEN M A. Substitute Structure
Method for Seismic Design in R/C[J]. Journal of the
Structure Division,1976,102(1) :1-18.
FILIATRAULT A,FOLZ B. Performance-based Seis-
mic Design of Wood Framed Buildings[J]. Journal of
Structural Engineering,2002,128(1) :39-47.

Xong AR XA AL R PR BT IR B A
VEIUR L] . R 22 K22 4 A SR B2 Wi, 2009, 29
(7).73-76.

LIU Ming, LI Shi-cui, LIU Bo-quan. Criterion of
Mode Number Selection in Seismic Design for High-
rise Building Structures[J]. Journal of Chang’an Uni-
versity ; Natural Science Edition,2009,29(7) .73-76.
W o MEARE. R W RS A E IR EE LA
WRPURERELT ). R R4 AR R, 2010,
30(4) :60-65.

PAN Yuan, XING Guo-hua, WU Tao, et al. Failure
Mechanism and Seismic Behavior of Interior Joints
with Different Depth Beams[]J]. Journal of Chang’an
University: Natural Science Edition, 2010, 30(4) : 60-
65.

TS PG B 5 O R B L A 0 15

AT PERELT . P E A B #4. 2010,23(6) - 41-48.
GONG Jin-xin, LI Jin-bo, CHENG Ling. Seismic Be-
havior of Strengthened Corrosion-damaged Circular
Reinforced Concrete Columns [ J]. China Journal of
Highway and Transport,2010,23(6) :41-48.

ff 4K, 2 J N R 2 L N I 2 A 04 B
REELAEPUR RS [T ] b E 2 B4, 2008, 21
(4):43-49.

HE Shi-gin, AN Xue-hui, OBARA Takayuki, et al.
Experiment on Anti-seismic Performance of Rein-
forced Concrete Columns with Clip Reinforcement
[J]. China Journal of Highway and Transport, 2008,
21(4) :43-49.

GB 50011—2010. gl SUHLRR B MTEL ST

GB 50011—2010, Code for Seismic Design of Build-
ings[ S].



