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Study on the seismic behavior of concrete-filled square steel tubular frame-thin
steel plate shear walls with diagonal stiffeners
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(School of Civil Engineering, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China)

Abstract: This paper presents the results of a research conducted on two 1/3 scaled one bay-two story test specimens designed as
thin steel plate shear walls(SPSWs) within steel frames with concrete-filled square tube columns as their VBEs. One of the
specimens is diagonally stiffened and the other one is an un-stiffened steel plate shear wall. Test is performed under cyclic
quasi-static loading. The curves that characterize the structure’s seismic behavior are obtained including the displacement-loading
hysteretic curves and skeleton curves. According to these curves, the failure patterns, ductility, energy dissipation, bearing capacity
and degeneration of stiffness of this type structure were all analyzed in this paper. Experimental results show that the thin steel plate
shear walls within steel frame with concrete-filled square tube columns exhibit high initial stiffness, behave in a ductile manner and
dissipate significant amounts of hysteric energy. The diagonal stiffeners improve the stiffness of the structure and bearing capacity
and these also reduce the out-of plane deflection. The VBEs made by concrete-filled square tube can provide sufficient rigidity to
make sure the full use of the SPSWs.

Key words: concrete-filled square steel tubular frame; thin steel plate shear walls; diagonal stiffeners; cyclic quasi-static loading;

seismic behavior

SRR B g 0 SR A L AE T D SECE AR 2L
%, BARRIURMERERISTH . LSy 55
JAAEANHESE, POSESANMR, SRR B Joe th 38 EE 41
PUKPAT R, PO EFIR BB AR BT d, LA
FEAARH B ) PR S B, SRR B RN
LEBEHE EE T BRI %, &S MR h
HEZRAESE R, BB SERMR, JEHER BRI
Bt . SHEERIAR B ) 35 75 2 1 FR SRR 355 ¥ e ) 9

FER T IPUK- AT, BAT H B, kAT,

PLRRMEAR L B AZ B LI AR, N
MBI 5532 2 T E NSRS )2 R

DIAEXS T M D i, S8 TRZE
FESA H RUNAE R FL B A PF . Takahashi X
PR ARSI I SR, BRI
S BARRAFERERE ), (R ZRFERFESN

WisH#A: 2014-12-17 EMFEEA: 2015-08-11

EAZBCT Al A0l WA T S PR G R
HR T AR, AT B ARAK, Hhi13
Feg Ty B2 AR R R A Y, X EmE)
EARE IR A SRR, S G BT R TR
7 33 7 H A A R TR SHERR R
s, RN AN T 30 B, gRE
03 5530 S AR T Pt R %
B BRI Y A8 R R B T+ Yonezawa X
AR RIESE , e AR 0 S8 1 i S il 2 i L B
LA A A ) TSR A R
XEAE R CRmshs HEmshs f
I AT R R T R, A SO AT
REH R AIFERERE ), EAEIRCAR B BRI T
WAL SIEAT A, R, M-SR A
RO PR ) AR v MR T, N A A2 TR

HEWB: FERARBEEEIA51108369); BePEH HAERHEH BT H (013KIXX-54); 4155302 H B ALEH AR T H (2014-K2-007)
EE®fr: To8k(1979), B, &%, W+, NIHNESH SMEREE 45 E-mail: wangxiantie@163.com.



504 oz o# O B B Ok 2 % i (BAREER)

S AR 2 <44 Bi % . Erfan Alavi % 4 4
1:2 45 R 2 RSN ARSS A 8 R 52 4 R
FW, BB i 5 SAS IE 2B AR
B 13%7.

KR H RIS Ay SRR S 0 S 6 S M 1 5
Az JoE i T S 42 M vy e R L R e e AR
Vot R DU S AR B A I B % BLAT B T
FIs K REALE B 2 R S AR T iz s .
J7 A TR R T HESL 5 WA B S BT AL, TR
5 BB WG RIEERE .

F WSS 7 B T L HE SR - S I ) AR
BRI SRR RS, A BT T 1A
055 TR - HE - 52 I 0 VSRR B ) B3R
1 A5 5 T - RE 2SR 0 S B AR B9 SR
WA R A A R I R

1 ABEHER
1.1t

W T 2 A 1/3 Fo il i B s 7 )2 05 AN TR e 1
REZR-TEENAR BT ) Bk . o, BEEMFmEiih
PR B R A 459 SPSW-DS, SRS AR & i ik
%5 K SPSW-BS. ikfk BAKJLATR~FaniE 1 By
A, Hdad, SHEERSFRH-3 mmx1 100 mmx1 100
mm , J& i A R Y 0 2 AL B -6
mmx60 mm i 1 BAR G HESRAR L . YO ROR
FAREARR S48 . AR n 3 1o 8 R~ B -6
mmx40 mm™ . BN IR f 2 7 1 AW
s, WS R NS M i35 % B
) T FR ARG, DA TE

TS S rh, TR B hi ) 5
ER, SRZERMSHEFNET Sy 5 i 32 i hL
NGB, AR, Bk, RSN
T IR . AR SR 514 E HEAR Fy B R~
TiE R0200x6, PIE C30 JRHE L, THEEMRALE
T8 A H300x150x10x12, Hg:34 H200x100x10x12.
f : ?F ED
F,

SPSW-BS

SPSW-DS
(a) WAE

54745

* 1= = O
£ HE f W ¢ =
ik g g

' ! 8 A
Wik 5 MBIE

e

] ERE {
Ak diby gl

(a) SPSW-BS (b) SPSW-DS

1R LIRS

Fig.1 Geometrical sizes of specimens
1.2 2%
AF A ERR Q2358 AW, HAE A4 P IX I 2 R
W 1 s . TREBE LT AR IR SIE D 33.9
MPa.

®1 WHMEINFEMRE
Tab.1 Mechanical properties of steel

W BURCE RARSRE PURR PARREIE MR
S PUE)Y/mm f/Nemm™ f,/Nemm™ E/Nemm™  8/%
3(2.89) 3324 481.6 216100 34.0
6(543)  300.1 4545
10(9.89)  280.8 427.6
12(11.92) 2719 437.9

L3 M sRpa RN = E

R B X 0B 1 AN TR AT R . AR
SPSW-BS — EHWHUIR i S KEEEA 3 mm, 2104
AR Y 1/380, — EAR MRS T A KRB S
mm, ZPHIBOEIL K 1/230; A fF SPSW-DS —
JEARRE AR RGN 4 mm, 2R K
(17287, 2R I SMRORBEE S 6 mm, 40
PRI KAy 1/190.

Bl 2 A A e AERS AR B . AR by AR
AEAT BAEPIARIEAHESRL 9 3 ) SRR AL L, DA
B R AR AR B K FRAR DL . AERAE TS A
RERBTE ML ZE Ak A e f . RN TRIRAI b BRAR 5
BEARCPALRS T IR K P ALES

213600 36.7
205100 39.1
197500  44.1

Q235B

_
Lot

)
It

T -

AT

BH
i g ,
=] [ Bl e B B[ et
dib o d i,
SPSW-BS SPSW-DS
(b) hrkgik

B2 RTRMUZITHERE

Fig.2 Arrangement of strain and displacement gauges



554

F5edk, 55 77 AR BE L HESR- RIS BIAR BT ) 5% i B AR IR 5T 505

1. 4RI EE R IMBHIE
1.4.1 REGHE

RV 22 e AR K R S GBIk
HEAT, SRS k. M EmE 3 (a)
Pt . T3 B ELIVE A A AR Z I 200 ¢
R T 7 TR TV 0 400 KN 2 16 #4 4% (121 3b) ,
AR R P RHEE . B HAIEEE R TR
Ji3% i 100t MTS VEZh B8R PAER i dk, 15
FiI 2 5 RE SR T B 0 2 PR SR V4R (B 3¢). 1%
Ge S AP 3 7 S b, 3207 952 P A 508
SR B R AR IR A RN AR O SR
P38 LA SR MR AS X . A b RIS AR
oL ZRAL SRR R S B, B IR P A
Bk R
142 RPAFE N il i

A CREHBURIRI TP (0GI101-96)"
HIRLSE , 7K TR R PR R - R A 2 o ey T Ty
Wi WRAEEIRAG, SRAIFEASEINE, YA 100 kN
BER — 2%, BRIGIR—IK . 400 kKN DL H:Jr 4
BEER S0 KN, BHAEH—K. WRAEEIRESON b
Bashng, SRR 0.5 FEIRAKUY), %
TERZIR . ST R IR AY 85% M iR
PRRER, k. ksl BEamE 4 Fis.
=R
2 RIEIMEKR
2.1 i1 SPSW-BS

BORERTBE: T 300 kN B, FiEEEHRIE
BT R AME TG . AREEAT IR IR SE S, AR
PAEZY 1500 pe B SRR . faikik % 300 kN Bf, )2
BRI AR A 1562 pe, 3N IR, HEF 400 kN
I, EREERAR BT R A, — R sk F
JEIR. NEZE 500 KN IF, ARBRES R f 2 JE Bl X 8
W SEHE N TR, BRI AR fa T I 3
R, TR

(b) B[ fof R B

(a) JnaE

(o) % fmEkge
3R ER
Fig. 3 Test setup

[ 3.04'@
2.54,
WL EL | IR A 204
. Yy

il
ity

4 mEHIE
Fig.4 Loading system

JRIRBARBRMBE: MR 550 kN B, BEHE
WRIFU RS 207 1T B BB 4, 5KFJ7
R AL 45°, B Mgk F2 i BEA R FE A AR
(8 5a. 5b), #mEdigk B, AR, JER
ik 4,5 16 mm. JLit, — — BRI AME
B4 3% 8 mms 17 mm. YKEMRMEE 2.04,
W, ZEWE By RN AR 05 R,
REERKY) 25 mm, $EHR G M R R4 R A8 R (B
5¢). MR I A R R B 4y, HARBR
TEMIMAESE, FIEN B . FEEIEIMIEH K,
PR R R R S AR R e, AR 4k BTt
HF RS ICAR B, RPER AN T ESEE. 3.04,
BB, PHAERERIAMNR S . 3.54, ALRB I, X
B RTE, BB, — TR EIME R4
B 44 mm, 30 mm. ZZEERAER ZEIERT,
IE R B S AEIL AL BRI 2

BB B : FEmaidfid, RR%S
HEBESRGEROA MR BEREIT, ARRs thZ el . BE
EHRRBHEER, MBS IR 2, REEFEE L
BRI R (B 5d~51). MEE 6.04, MRS, R
HEAE BN B A AR O A B A R bl . 6.54,
FLREIS, K Pfuf #k W RIEAE AT 2P 85%, IR 4%




506 i 7 = )

B K ¥ W (ARBER)

5478

(@) RAHERI AR

(e) A

(f) RAESREEITR

(@)L HTJEX b

B 5 X1+ SPSW-BS B
Fig.5 Failure characteristic of SPSW-BS

2.2 ikt SPSW-DS

BT BE - fi 3 M 300 KN il 400 kN i F2 47,
2 BRI £ 8 AR 2 R B TR AR A . MR &
450 kN B}, PR T B S (& 6a.
6b) . HEF A 700 kN B, FZHMREETE R T IR A
2 7 1) 1y 3 3 Je o 2 08, AR R T BB A (18 6¢) . [
B, BRI, BN R 3Z L d(E
6d). BUBMROLHE 4, 20 mm, JEf, — Z25
MR M RAETE 43730 9 mmy 5 mm.

JEIREAR R EE: BEERIEMNR, BT
MBI EAE, BWEIRBIET S LR,
BRREE A5 X s AR e R . FEE, BFRgER )
B, BN X FESHR.

AE 1.04, ALRESE 3 FEERBLTT A1 Nk se i, —
ZBEE R T R A R AR SRR R 1.54, iS5
1 PEIRPLIAEBNEERT, — BRI me e
XAFAEWTT (B 6e), —REMENNZHI™E. 5 3
PEERHE ) R se U, — B RER_E 5 A R AR S A B
FFE; Bi gk sy, — BEZRFE T EB AR A 5
PR(E 6f), ZEMAMAEN FHAR, KR LR
SRR . 2.04, RLEERE, AR )35 2 6B Af

o “
(b) = B ARt iy
s

(a)— A

[ ’
| ¥

et O

() Jmzh v 3F (f) faJRARARERE

B, s BIBASTT R BT 843 B R 828.93 KN
F1-835.56 kN. 58 1 fRFRHLIAT N, — Bl 22
We#FE (& 6g). 55 2 FEERRERIIG, —EHHRA M
BTy ARG AERETF R, VN R ER NN B 5 S A b
SRR IRLETT R, ARV IAIEE i, hL I N3k 58 B
— BRI AR K R B 55 mm, P EERR4E
KRS 45 mm. PFERAERAISGH . 55 3 EERHE R,
TR R AR E R, O R S
IFFEE; BLlI I, — ZEEHh AR, B
REEK FEIRF] 80 mm, — EERARFE AL KR AL ST,
I A, PEARARRER R AL

W EBIRH B : (L8R 2.54, B, HEJ5 I Hi
355 5 30— )2 IR 2R ) L - 5 A0 3 o 2
i ) FFEE, LI AR 1] 4 B 5% £ R R (B
6h~k). 3.04, I, FRAEALREN™ H i (E 6l), —
JEARAR O (B 6m); Bl N PEAEREER, 8
R E (B 6n). 3.54, 58 1 B3, R TFREKREH
£ FE AR 55 A G A5 48 R (B 60, 6p). 4.04, 56 1
FEIR, HETFIBLIE f7 843 504 657.9 kN F1 607 kN,
W B B A 300 85% AR, REREE . Ak ik al
JaXFEEIN I 6(q) i -

() — FRHUAE AN A T2 (h) —RA R



54

Foesk, % T ETREE CAES- RSN ) 5 A hU R AR AR B 5T 507

(o) fRMRSHMRERERFR OR) (p) AR SHIMIIRAETR (7))

(k) —BEH TR (1) FRAEAE RIS
ol 8 o L \ ¥ 4-5‘1 G -

(q) JmawGJExT

6 X ¥ SPSW-DS IFHHE
Fig.6 Failure characteristic of SPSW-DS

2. 3 RIE I & FFEL
AR IR ST XTI, ARSI
i

(DJEARET, WAk SPSW-BS —. — EHIHHE
HAMEFE 43R 8 mm(F 4G 3 mm)F 17 mm(HI 4G 5
mm), ij i SPSW-DS [T SME 43 51k 6 mm(F]
& 4 mm)F1 9 mm(HJhE 6 mm). HNEEFR R E S
BIE (R ek T)WLE 7. BHmEh A Rcb s 78
X FZTT R AMETE, FBF, SRS HL
JIAE L RERS I, 32 A B

(a) &M SPSW-BS
7 WIRIEE LA
Fig.7 Comparison of deformation of SPSWs

() PSR 2 S AR5 B4 DU A A B34 R A T i
MNALKER . HTARREKE B EIT,
B LR AR P-4 A R TR 3, SRR A A
AR AL % AR, AESK-FAT AR R, S

(b) &M SPSW-DS

SRR, SRR AARTE, K AR A
#r, AR RS WAL

) PSR BRAE Jo 50 BE A IR P i\ T R )
AR R A iy, o 08 A A A AR T B O
FERES M 218 %, FEBIARSE B A T B, 1
FAREN Z )5, HEEEBIBTEE, S5HRET )RR
R BV, R N T SN R AR RE A 5T
JEte.

GOFRAEIE R T EARRIOOEE, B4R
e J MR REL 47, HRPUK-FA R, S5 Al
PR RS MFERE, WARERAREITHR, &5
MR A AR, IRPRRR

3 HIELERDM

3.1 iFEIthzk

i ] ot e AR B R A AR T W 3R - 08
ek, RILGEHMGEEHIREMRE. Xk SPSW-BS
F1 SPSW-DS [— 2+ . J2 DA B BARTf 3 - B h 4%
W 8 .

-120 -80 -40 0 40 80 120

D/mm

(a) SPSW-BS #/k

-60-50-40-30-20-10 0 10 20 30 40 50 60

D/mm D/mm

(b) SPSW-BS —2

(c) SPSW-BS — )2



508 oz o# O B B Ok 2 % i (BAREER)

5478

1000
800
600
400
200

£ o

£-200

-400
-600
-800

1000
800
600
400
200

Z 0

2200

-400
-600
-800

BN

-100-80 -60 -4

<20 0 20 40 60 80 100
D/mm
(d) SPSW-DS #/k

000
-60-50-40-30-20-10 0 10 20 30 40 50

-1000

-40 -30 -20 -10 0 10 20 30 40

D/mm D/mm
(e) SPSW-DS —2

(f) SPSW-DS 2

8 i EhLk

Fig.8 Hysteretic curves

M 8 W, MBRATEZ AT, PSR
W 2RI . AR, W m 3 AR e
HACHR S, R, XEHikf: SPSW-DS — 2l
“RER AT, TR R RS R A —
JEH 2/3 3% 5 TR USRI 0 38 UL 345
BRI AR R TV I, MBS AR B384, 3B
WO TR, AR —EAEAURE, R THE
U SE, SBOERRES MR, T
W T RS AR I T4 RAR, W T 5 HR R
JIRIGE R

Rk SPSW-BS {3l 1] ih 2 A6 AL RS Bt s B i
MR, XN E IR B R, SR
P2 ARURIR RN, BN SRR S, BEIEKCEA
A HAERL RS, ATk ek SPSW-DS, T8
THRUMBIN, 8N T RS - IR AR

R IA B2 HIAAS R 2 B, CEER
PR HTE» GB50011-2010" i % w5 RHN%;
Mk 2 MRS A BRAE K 1/50, Mz 2 W4, iR
f} SPSW-BS L R |2 #5349 40 i \ B MR 7,
R AR AR T RIERE, R B b i
fig. R SPSW-DS — 22 MILES £ We N TRV
BRAE, XS i T— 2R AR R T — R
RS MR RS, TR T — R AR AR 3T
G RAE. RARTIR, TS TREE L HERL- AR BT
KRGS HIRR B IE E HLR TR

=2 NIRRT BRI S A
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Fig.13 Stiffness degeneration
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