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Study on the seismic performance of frame-shear wall structures with
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Abstract: High strength steel reinforcement in the shear walls of frame-shear wall structures can efficiently
increase the safety margin and change the seismic force distribution because the shear wall will yield after the
frame. With the fiber model program THUFIBER and the multi-layer-shell program, which are developed by
Tsinghua University and are based on the general purpose finite element software of MSC.MARC, two 8-story
reinforced concrete frame-shear wall structures, whose shear wall are reinforced with normal and high strength
steel respectively, are studied with static pushover and dynamic analysis. The effect of high strength steel in the
shear wall to the control of seismic performance of the structures is emphasized. The results show that with high
strength steel in the shear wall, the softening behaviors of frame and shear wall are changed. The yield strength of
the shear wall is increased while it still has the same the deformation capacity. And the safety margin of the whole
structure is efficiently increased which benefits the seismic capacity of the structure.

Key words: frame-shear wall; high-strength reinforcement; pushover; dynamic; nonlinear

1 318

HEZR — BTy ha gk it H e w2 s rh A 5o ) iz i Pt i FIAE SRR B2 [0 A2 T 23
AT BIA), W BRI IR R RE . (H0, i T HEZOMIBY S P SR I AR AR TAT A B OR
229, P AAE PR AR B ARSI B BOHE R BY Db 2 [ (K35 ) 70 e — B — ANl ZER AR 1

AR IR RS, 0 P 1 B O R A e 1302 I Ay R A B e /N T HE R iy, DRI IL AE M E
EIR, EAKIKZRGE AT, 355 et N, BBy i s 45K, e Nk

MELIH . ExR ‘17 BRI S : 2006BAK01A02-09)F1iE K2 IERIBTFT L4 (S5 JC2007003)



e B K 2E 2E AR G T R4 R) / J. of HUST. (Urban Science Edition), 2007, 24(4): 17-21

SO JR N3 ARG L, BE e 25 M (KA A A BE A, & FECRIERFERESR 1, XK
VS e N R RV iN AR

AR A SCRR[3~5TAOMTTT, S AE AN AT R e A PE R SN s B 77, 7T LU Rk P K s i . A2 TR R
i At &R A ALRE ), MR AR T I A RN B RIBOR . Rl fe v 4
ANGE R ) SR SR ARTERE ) 10 el T RS BE AN AR Z A T R I LR B R AN E . ATEAE
KA R ST AR M R TR B i BRI, FE TR RAE I HURELIR M B, B A HE BT S5 (1)
FEGH 8 i ——h S I AN, SRR IRAAS , BEm R AR, (]I A REZE
FR K AEHIRR RE R, AT A T RESEBLE A PR ERE . A SCORIE R B 20 B ok e R BT 0 B P OB
SHE 1 B R KD AE BY S M DU VE RE A 0%

2 HERE

ARILHT AR R SCRR T BT o 1 8 E RUHE BY &5 0 I A0, 2R CEEAAPURR Bk BldE )
(GB50011-2001)F11 {75y )2 @ AR IR B T 45 B ARNREY (0GI3-2002) (KK, FIH PKPM #A:8H, 45ik)ZE
FH 2 45m, HAk 3m, JOPEATEME 1R, EERSEIRN: @5 1128, BuE izl
JE 8 B, BEVFIEASHE M AR 0.20g, BEVHHLE S A BT REIRE AN g RERUE
g o . R SR A R AR AR C30.

TSRS B G S AN AT TAE B S M PUR R AR O, ARSCERT BRI S5 R AT T AR
T A TR R SR AR AR o ST A A AR, R b ) BT 9N R A2 D0 AR B HRB400,  §i 7T
EH HPB235, JERRZ Ay “HANRL”, st T ek O (RAE BY 4, K BY 785 A o 0 0 1 B2 0 4 0 420 5
TR R 1860 Ryt &i sk, AR N “ oL i p s .

FRAE LA BETH &5 5, #E MSC.MARC Fi /3R #2577 i% 45 M A BRI . P HEZR G0 K7 81 Bk s
HR ] THUFIBER KA, B S35 R /32 56k oCH RO . THUFIBER Fa3 7 5+ 27 gm0,
FHEN T TR S HE SR TR 20 1 — R A VAN AT T R R LT 4k, m] DU PR S0 A7 Ve vt 1 AT 4 5 o 114 4%
PR AT, AR EE R A /YR oc e TR MBI 22 5B, K 5E i on R iR 1
JERENG 2, T LA IS BT R R AR, TN AR, T BT DIRIR, TS IR DL A EIR &AL )
RO VR R RIBERAT Jo, 5T 4E R RRE S RE 45 R A5 R R, ASCIEF UL i TR, wrLl
WU MBS FOUNE BY 5 A (R MRS N IR B AR AT N, JREAT A N e

®
0
4000

I
(
J
|
(
|
I
(
J
I
T

©
i
pia
=
ar

Bl 1 RRASEIATE (mm)

AT DR, R, ASCOTRE TR 1] P42 B T57E, K = Ae g AR S0 - T 45 4
BERHEAT 35 il 4 o, e BE=ZERR ()& 2) AP misiAy (& 3D 7E El-Centro NS M)
0.5G HURZUEAE NI E R AR DAL S INRE M2k, 7T LUA P 2% thZe M s, IX BT MY 454
JHP TR AR = YRS AT S5 73 AT R T AT I AT LU B 20 M b S50 5 A5 282 (R~ T AR



e B K 2E 2E AR G B4 i) / J. of HUST. (Urban Science Edition), 2007, 24(4): 17-21.

3 ERNEEBOM

N TG W) TGS R AE RS ARG RE T AT s xS A 20 R AR R R AT ) AT 0 A
(Pushover)o B JCAF &5 HEIN B BRI, 10 Jeont SRt AP =fMard, Wk 5 P, RIWIKEEE
i, BT VARG TS AL AR T ) R WA 6 Pron. Sk 32 3 RAS TR s ik
R e Horbh, AT SR AR 3 31 Je Al 2 A2 A D4 B 133 K0 J AR s bt LA A PR32 BIUMEZR (4 J i s
LAY 335 52 s 068 g 328 38 e Jh ot L RV L2 P s 35 B 22 D A O PR AR T e FR T AT L, ey SRS
SRIAE I AR REAR 2RI o JF B FEAKEI ALY, g o G A 1 ) 8 ) IO Jt e s B 1 A AR K

HiTbE, BoKnI T 85% 48T .

R 1R M A5 R AR AIE

B3 g i PR OGRE

—— T B 4 K T A A R 2R
— =Y BT SR T B R il £

I (s)

B4 Y o~V IS T A% IR L e ) B

0 T A e A AR Y e S A A Y

T 7% 138.0mm 646.3mm

BY 75 e R SRR A 1/179.5 1/42.4
B INA L5 1/153.0(3% 6 J2) 131305 6 )2)

T fr % 225.7mm 223.2mm

HE AL I IR SR B A 1/109.2 1/124.4
BKJZ AL 1/96.4(55 1 )2) 191.3¢GE 1 )2)

Wl %EE&:‘ 7 953kN 1709kN

T 7% 522mm 647mm




e B K 2E 2E AR G B4 i) / J. of HUST. (Urban Science Edition), 2007, 24(4): 17-21.

100
I/ 0.2 f

| - - B

P -— 2000 L2t
1800 + AR AL — HER
I A - 56 . 1 —— F AL — B
= ; S | N ERCCEEES HAHTL — RS
L - | -— 00 F / ek i
2 ].l,fll,l 000 0.8 - - - - SRR — 0y
L. < 1200 1%
- 1000 - ~ = 0.6
b - 1 . L ! = W P
- =800 f N
L - I - =600 / o =0.4 -
| | | - ..
i

200 00 600 800 1000 1200 1400 0 1/200 1/100 3/200 1/50 1/40
- o BT TS (nm) LR S

5 A 1 A Kl 6 JLIRBY 7y — S T AL RS KR P 7 HEZR R B g s 2 W AR AL

3.1 3R, BIENIERILAE

FH A 45 SR AT HE SN BT ) Ba AW BEIR AR 18] 7 o, FErb W EER AL R O 2T B £k
PUHEWIRE 5 SPE R RE AT Al . A2 RAZAE A 1/200 LART, B )75 MIHESE A W LR AL 32 202 iy TR BE TR
T T HER R T U R, BT DL BER A B, RN B R E A 2R M L AR (474
ZEMANK e T2 AR AR 1/200 LU, s BCA R i TS0 550 e I B2 BT AR BEREASRRGE . B35 )
o SYIPAI FEE I Sk v TR AR, TRORERHEZN — B i 1A (Rt 2 g 23 WS 7 A T R

3.2 HEMIARREIMERKFET B EC
R 3 AT AN RN Tl A2 AS I B B ) 25K 3 RS s BCEL T JLASE BORWESUER 4 1 7K-F- 89 K2y
AT, ATHINER 2 Pros S5 R ANTR 32 18 BL.

R 2 HiMARRZ I B

W O P A AR Y e R A AR

D By RRIRERAR O BB B, W NS A 5. 7mm, 1) BY O RRIRESRE BB B, 6 NI A 3.9mm,
2)  SCHR[21EE BN EE R R AL e K (B KR AL RS fak 2)  SCHR[2) R UK B2 A5 A A AT doe K (BRI ise K2 RV AL S A 3

1/500) #},  XER TR R % 0 42.1mm, 1/500)HF,  XJ B T A2 RS 24 42.9mm,
3)  EIBEFEARET, TR AR 129.9mm, 3)  AERLENRAET, XIS A 210.0mm,
4) BB EIRE , KESEIRET, XN TSRSk 212.8mm,  4)  HEALJEIR)S, BY U RY R IRET, 6N TS ALES S 475.7mm,
MERR TR IRAG » 0TI S A7 A% 4 267.6mm. 5)  BUBEREMRG, XTI AR 647.0mm.

T RIRERR S BY 0 BY U RA AR S B T USRS S0 B g Ll i b 8~10 Prom. fEdE s
FErfr, HESLARZ KB AV, AW (& 8D X BY Iy A0S AN A ] (S AE 4L BT A 52 1) 8 (i A
INEE AT WL N B, SRR RBE 18% /547 . RIS IT AR E N i BRI (EAER st iz 1), 390
o P e AR 5 T LA/ IMHEZR BRI R BT, BRI HERR A . 0BT D A2 I S BT MV, AT
SRR o OB g 56 e A9 T 6B ) B P e R B BT DA BOR I T, K RT TR 139%,  BIBY 0BG 48
HEZ T A Je AT 4R SR SOt R K B35 75

FEREANHERL I RE T, MESL M HIIBT I LUV, [V, IR AR B 2%, IX T S HEAENIBY ) 55 % A Y
WIEERA I R k. Rl BC AT FOHEBT G5 (K V. [V, AE BRI B R i T, X B2t TR By
Jiha IR, MES RS A 1) A AR LB T s oot BY 0 S e s O IOME BY 2k, T LU LV, V), AEE
Bl KA 27.8%)J5 BT NI, SRl R B RIE AR K] 50% /e A7, X 32202 - m smBC AT (189 7 55 1) i e
%gﬁ?@%%,EE%E%ZE,@ﬁ%%%ﬁﬁ%ﬁﬁﬁﬁ%ﬁ%%oﬁﬁﬁ%%@%ﬁ%ﬁ%#ﬁ



e B K 2E 2E AR G B4 i) / J. of HUST. (Urban Science Edition), 2007, 24(4): 17-21.

Ajf)g [ wmm Z;
el ° Ehin
5300 F 0.5
; 250 :::H 4

04|

200 [ EEEA L o | =R RE

2150 o2 /

00 ’

50 [

1000 120C 0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
5K AR (o) SR TS (nm)

9 B BRI BT ) — 10 HEAE 734087 ) o] —
SR TR AR 26 SERTT R RS 26

0 200 400 600 800
AT RS (nm)

8 MEAURRHE BT ) —
SR TR 26

4 FAORESR

N T UER T AR AE SE R MR A R SR R BN s Stk 3 R AR TR R e P A AR it o KT M R A
L % =R szbrid s E B, 425 ElCentro NS J%. Kobe A1 Northridge ¥, SRR FZH BE 10
b AN ] P b T W N3 25 (PGA), 4330k 0.01g, 0.05g, 0.07g (8 JE/hE), 0.08g, 0.09g, 0.1g, 0.2g (8
JEE), 03g, 04g (8 KRE) M 0.5g. HUEFINEIA 25s. THE AT 14 MILE AR PGA T MRS [ N LA
JCAESE T 430 1 7% BY g (0 AR A

BB 45 LW, 45HI7E ElCentro NS J%. Northridge Y41 Kobe ¢ T IRIHRE S N, BLZE R T A1 7
], Kobe P [MHIAE RNV i K (0.5g &, Rl 235.8mm, FEARI A 222.1mm), ElCentro NS
WL SOV R (0.5g R, sm e Al o 144.0mm, FEARLA S 135.1mm), Northridge I i = s v
BN (0.5 F, FomBCi Al 75.4mm, JEARIRY 75 4mm) . 3 R4 H R 10 BE B 0 A 4 K
e SR T A5 SR (1 e K T A7 A (1 0 K T i 2 R A5 A R ) B K T A A A, 3K T8 B e i &
T RN 2 5 AR IS AR T N DA S R BE R BY ) 4K M

# 3 ElCentro NS 1 Kobe JAFH T iy R C A AR AR T~ A AL 1)
TSR, Vs Veo Ve R VeV alf)%40
PGA T LA (mm) Vs (kN) Vi (KN) Vw (kN) VelV s
@ Elcentro Kobe Elcentro Kobe Elcentro Kobe Elcentro Kobe Elcentro Kobe
NS NS NS NS NS

001 | A& | A | Aw s K| A A R | Ak KA
005 | A% | K| A R Ao | R | R R R R
007 | A% | A | A R Ao | R | R R R R
008 | A% | K| A R Ao | R | R R R R
000 | A% | K| g R Ao | R | R R R R
01 K| K| R R Ao | K| R R R R
02 | am | sm | g R Ao | k| R R R R
03 s K 1 1 Ik Ik 1 1 Ik ik

0.30% 2.14% 0.04% 0.10% 0.40% 2.78% 0.34% 2.19%
04 2.0% 1.8% 6.37% 9.05% 1.41% 0.83% 6.56% 11.53% 4.67% 7.54%
03 6.5% 6.2% 4.37% 14.61% 8.82% 2.39% 8.89% 18.90% 12.63% 14.83%

_5-




PR AR 2R (T RFARR) / T, of HUST. (Urban Science Edition), 2007, 24(4): 17-21.

% 3 P ) ElCentro NS Al Kobe HRZ A TR ey st e f AR ATD0) T BEABE R (R B KT RS, K
JRHEBRBI ) Vs SRHEZRIR B ) Ve S KBY IR BT ) Ve LUK VeV w3246, R] HLAE PGA /)

T 0.3g [T DL T FEAR Ay 2 C AR 4

B3 ATSY s I E BT D RAT R, (EAESR K B BT ) A AT Bl

KL, FESEAFAH .

A AJRZER], 12 PGA KT 0.3g )5, farmEl A7 () e 34 i

7 Northridge ¥ I iy 5 Be A 84 A

120%  VulVya 120  VulVy
100% 100%
80% 80%
60% 60%
40% 40%
—a— JEAN A Elcentro NS —a— JEAH K obe
20% 20%
—o— R Ad A AR 7 Elcentro NS —o— R A A K obe I
0% r———t——tt—t —— — 0% -—m—m—Ft—t— -+

0 0.1 0.2 0.3 0.4 0.5 0.6
PGA=Peak Ground Acceleration(g)

11 Elcentro NS ¥ I 45 4 5 K HB 50 BY 1 5 g5 AR BRES

0 0.1 0.2 0.3 0.4 0.5 0.6
PGA=Peak Ground Acceleration(g)

B 12 Kobe #¢ I 45 4 I KB & 3T ) 5 S5 I RARES B 3T 1 2

BBY 2 LEBE PGA AZ 4k I LBt PGA AR AL A
0% VelVea 80% r VilVra
60% 70%
60%
50%
50%
40%
40%
30%
30%
20% "
—a— JEARHIM Elcentro NS 20% —a— FLARIK obe
10% o L
—o— e SR C A A JT'JElcentro NS 10% —o— mqﬂ,m'jﬂnﬁ”@bey&
0% -ttt ] 0o I ‘ I
0 0.1 02 0.3 04 05 06 0 0.1 0.2 0.3 0.4 0.5 0.6
PGA=Peak Ground Acceleration(g) PGA=Peak Ground Acceleration(g)
P& 13 Elcentro NS 31 T f RAELLEHE B 87 7 SHELAR FRAR - & 14 Kobe 3% N i AME SR e 6 BY F7 S HELUAR BRAR S B 8T F1 2
FEBY ) Z bt PGA AR LA LLbf PGA 2B LA
140% Vw/Vwa 140% Vw/VW,u
120% | 120%
100% | 100%
80% |- 80%
60% |- 60% |-
40% 40%
’ —a— I Elcentro NST ’ —a— SRR AIK obe
20% I ) 20% I )
—o— [E R AL A% Y Elcentro NST —o— [ SR AC AR A K obe Y
% ——Fm—t——t % f——t—t——tt—f

0.2 0.3
PGA=Peak Ground Acceleration(g)

K 15 Elcentro NS i I fe K BY J KR JE Al B9 75 55 89 Jy 55 bl
FRARAS B BT 2 LLBE PGA 22 pil A

0.4 0.5 0.¢

0 0.1 0.2 0.3 0.4 0.5 0.6

PGA=Peak Ground Acceleration(g)

P 16 Kobe 3 1 5 K BT 85 48 S BT ) L5 8T ) 554 FRAR A 5L BT
J12 LB PGA AR f H 4

HT SR R 2 A i) LIS BN R R AR BRAZ TR N R B BT Vo RESURESE BT Ve, AT

-6-



e B K 2E 2E AR G B4 i) / J. of HUST. (Urban Science Edition), 2007, 24(4): 17-21.

FIREEE ST Vo W50 TN FEDHTF R[] PGA R G5 JEE B 5 K B ) AR BRARZS I (BT A B, 3
AT DLITE 25 R (P AR O A 2 R . K 11~ 16 T A ElcentroNS 311 Kobe #1514 2[R PGA
8 ) DR B K BY R 4 A AT AT B S5 MR BRARZS B 2 Lt B 110 12 WTRAE H, SR msic
Wi, SRR ) w At A KRB S 75 0.5g MU IEE T, FEABI R EHTEY ) O 2008 B LR FR 7K
Wy, MR AR AT 40 % 2 AT RIS R . B 134 14 FTIL, HEZRAMRBT A EARRIRZ .
1 EH TSR e G A7 5 B B ) e IR AR g P e 22, BT 150 16 TR SIS A BY ) SR A0S 2 A 7K HE )
B S TREARIR . 7F Northridge % N KRIGE 0, HIERIEAN TR

Kl 17, 18 Fios WA RUESE /040 B Syt PGA B4 KIAR L AR . |1 BT 5 T3S S8R B
EFEAC, PTLALE 0.1g PGA Z HTAEZL /> $H BY ) 0 T0GH ETH 1. s EL ARl th 1 BY ) 8% el AR e e, T LA
Elcentro NS 1 Kobe # % PGA>0.1g G HEZE 741 BY Jj LU A7) & — B AR IR o 1 0) 5730 P 77 (1) B AR 7Y
) PGA>0.3g Ji, HHTHEAAH AR, AT DIHESE 40 i =% g bl e nT g BT (&l 17 71 Kobe ). KA
Northridge WKL BEREDN, SR NARLPERE R BRI, BT DU A AR 400 2. 2 By
JI3 R O e RN A AL SRR A — e B S

30% 30%
25% 25%
20% oon |
B
&
B sy | B 1y |
Ah‘ ;‘l
10% (S
+5103E1F3 I\;f)‘z 10% —e—Elcentro NSJ
—s—Northridgei L
5 - e Kobell; L +Nortl?r1dge0§
5% —a— Kobejl
0% ] O I
0 0r 0z 03 0405 0.6 0 o1 02 03 04 05 0.6
PGA=Peak Ground Acceleration(g) PGA=Peak Ground Acceleration(g)
[ 17 FEABIY 18 fRy ke AR AL
HEHE /340 55 K BY 0 / S5 60 3 KBS J7 —PGA X R NEZE 7340 35 K BY 0 / G5 60 e KBS J7 —PGA X R
+ A
5 251t

M ASCE T LA Y, BT I RRSE R R R BC AT, mT AW B3R A M R AR, JF s A R AT
FHE AR TERE S EHURAERTT, Sl O AT B 0 308 45 480 (1) 22 4 i 4% W) 8 o8 Tl PO S 45 40 o 7 va o
CZ R DAL BRI T TREI 38 2R s Rk T DU e i G5 M7 K2 R ) 2 AR RE

Bift

AP R “A— 107 RIS RIS . 2006BAK01A02-09) A1 H A 2= FE Al 57 5 4 (G 5 -
JC2007003)37 5.

S 30k

L gkRETs, 25, BBE, Waer, §00 R A B R N R HE— BT S5 BT 2 T, [A), SR T AR
5 TR L A e 18 SCR(CT, 1L, 2006, 306-312.

2. XUEH. wEME—BYA TR HESEE A T RE ()] EFEEIR, 1999, 20(3): 1~3

3. Qazi AU, Ye LP, Lu XZ, Mechanism of passive control RC frame with high strength reinforcements and its potential benefits
against earthquakes[J], Tsinghua Science and Technology, 11(6), 2006, 640-647.

-7-



e B K 2E 2E AR G B4 i) / J. of HUST. (Urban Science Edition), 2007, 24(4): 17-21.

© ® N o

11.
12.

WFF, RTS8, Asad Ullah Qazi, VEYIUE, #ROE )1, oo i P BE TRE G5 MRS RS BAR T RE S5 # S LBt BRI K
JE[A], 55— Jmai i RO R M bRigta O C), Jbat: @SR AL RAL, 2006, 208-250.

M55, Asad Ullah Qazi, WBIAE, F5H%, MROE)I, wam e fme i et - HE SRS M pURPERERI 0 HT T ST [A), 2-Blm 4
[ TR A AR S BERSCER[CT, M, 2006, 401-407.

A, ARFRBE VA S T/ A PUR BT[], ARG, 34(6) ,2004, 10-14.

FEHHURE BT E. GB 50011-2001 [S]. dbnt: B AEF T HRAE, 2001

R GTIREE L EHEARRE G 3-2002 [S]. dbat: HEES TV ARAE, 2002

REBHAE, 25, YL, MBS w8 AS ) B AR R R S BB, (7], iPEHERR, 126(2), 2006,
7-11.

VLI, BT, AP B I M) dEst: R AR, 2005,

IR, BBk, RAE, WA, S Z5e BT gk v N A (0], Bl TR, 28(3), 2006, 9-13.

Miao ZW, Lu XZ, Jiang JJ, Ye LP, Nonlinear FE model for RC shear walls based on multi-layer shell element and microplane
constitutive model [A], Proc. Computational Methods in Engineering And Science (EPMESC X) [C], Beijing: Tsinghua
University Press, Aug. 2006, Sanya, Hainan,China, 2006, CDROM.



