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Study on lateral resistance capacity of concrete-filled square steel tubular
frame-thin steel plate shear wall with side opening

WANG Xiantie' \ZHOU Xuhong®,CHU Zhaowen' ,L1U Lida',HE Bo'
(1. School of Civil Engineering, Xi'an Univ. of Arch. & Tech. , Xi'an 710055, China;
2. Chongqging University, Chongging 400045, China)

Abstract: The quasi-static test was conducted on one 1/3 scale one-bay two-story concrete-filled square steel tubular
frame-thin steel plate shear wall with side opening(SPSW-SO). The nonlinear analytical analysis was conducted
using the finite element package ABAQUS. Based on the experimental and analytical results, the mechanical
behavior and failure mechanism of the concrete-filled square steel tubular frame-thin SPSW-SO were studied. The
effect of different connection types between the boundary members and frame beams on the structure was studied.
Based on the failure mechanism of the SPSW-SO, the analytical model and simplified calculating formula of the
lateral force resistant capacity of the SPSW-SO were proposed. The formula results were compared with those of
the experimental and full size finite element model. The results show that the concrete-filled square steel tubular
frame-thin SPSW-SO has considerable lateral-resisting capacity, initial stiffness and favorable energy dissipation

capacity. The formula results agree well with the experimental and numerical results.
Key words: concrete-filled square steel tubular frame; thin steel plate shear wall; side opening; failure mechanism;

lateral resistance capacity
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Fig. 1 Dimensions of specimen(units: mm)

®1 MHEKEER

Tab. 1 Results of material properties

B JE RS bR A

. . o o g
SR IED E f BE [ &= E
. . ‘ A/%
/mm /Nemm ? /Nemm * /Nemm*
3(2.89) 334.43 484. 60 2.16X10° 34.01
6(5.43) 310. 14 456. 03 2.14X10° 36. 67
10(9. 89) 282. 46 430. 14 2.05X10° 39.09
12(11.92) 271. 81 438. 45 1.98X10° 44.09

1.3 AGEESMEHE

K PARE ik gk, R de e 2 froR .
FE 01 92 [ fiF 2 0 AN 2 000 kN i B T F7 To0 7 i »
T I bR P R RS . KPR a2 ek
A FFEHER € T 155 B 1 000 kN MTS 1E3h 24
s VESh2% I 55 0 130 a0 & F N2k 3% B
Pz, NS 0] 3k e % g8 3 i 0 207 2 A X
FRANR AT B T AT . HE S 0] 3% T AT il
ARE ) S P, Bk R AR AR b o T Ak
Kfa.

W SCAE A 7 B TR AR TR N 400 kN 12
B, A PRI, BHME R 200 kN. K
N 5 B bR R B 7 vk LR ) (JGJ101-
1996) 1y L 5E » R A 28102 6 1R A5 45 1) 1) o 2%
il (I 3.

TR e AR AT SR far 245 . 400 KN Rij 45 2% faf 2
Hag -k 100 kN, 400 kN )5 4 2% a7 2 3% & 4 50 kN,
BHRAEIA 1 18 R IR G R AN vl s IR FS
A, B 0.5 fEVEN B HMBAE, GREHR =, A
FRAEREIR . INEE T 1 SE A (D e (R



352 o @ s R Bk F % RAEAEEN 9549
— o o - -
,
| FR =i o=
/ ¥ [ [ | %4\ e
| ey FERNRS [
/ i [ E | #E— \
| & ‘ o
\
|2 o W 2 8,0l
/ n \ ————————— - vy S’: N
| = =
| w e : 2
// A I
| H i PP
| Ay o SN
’/ ’ ‘ ’ mm% ’ ‘ L ‘.‘ 3 N
(a) MEF T REE s Gl
f 2] TR = fit — MK
g e e
B — - — - — O — B4 MNIWE
[ - | —
iﬁ fizhit \\ e Fig. 4 Layout of measuring points
(b) AR imEAE H R E R

B2 RWEE
Fig. 2 Test setup

304,
JRARIE BB 254,

1
|
e 204, I
" 154, |

wR

I
VVVVVVVV ES

B3 s E
Fig. 3 Loading system

]
——
>—|
—
—|
"

L4 MWLAFMYIHE

IR AE Ry 2R A E 4 3 0000 I A ZE AR
SR MBS R 832 5ARTEAF . SR A
PR R ATE A 4 PR - B2 A Pim S ATE 1A
BRI R K RLRS . SRR ST s AL B B R R
PR IS AR T SRR . AT S X O A
B SR 1P S A A LS AR AE . B R P s bR B S A
BAR R WS GA) A R A R DL . AR Y
TIBEH IR AR B L 8 R ) A7 A R AR
AEFUSAE Ry W00 BB B e i T R S R

2 REIAKREBWAES

AT — . 2 SR BT K 0 B K ) 46 T b AR
4520 5 mm, 3 mm.

el M E 300 kN B, 2 84k B 5% 3 77
AT EAME B ASTE . R AR . AR EY 7 B
CWEWR RGN LB A B R, AR BT T BE EN
JEAR . Bl E 400 kN B, — . Z)2HARET 155Ny

X F 2RAR YY) JE AR (e RV A 1. 644 X10°°).

el M ZE 450 kN B, 752408 B 1 5% 9%
o} F1 265 101 B R £ 1 UH S 10 JeE R eI K AR BT D 5
P s F1707 A 38157 F% Hh 28 WH S 1) 57 7% il 1
. BURBRAIRS A, 24 mm. ME, —. ZJ2MH
BY 7 5% & K T AME T 43 R 20 mm, 16 mm™'.
L5A, B, — 2R 80 20 W ISR 42 48 T 24 (8] 5a).
i T AR BY 7 055 AR N 1 v, FE L 7 35 FIEE 44
Ee PN 3L EAVEH T, — 2 TR R AR AR W 5 R
| R EEE MR . 2. 0A, 55 2 FEIRE: ) N2 52
IS o 2 AR N 0 b 00 R 4 R (L Sh)
VEREAE R AL SR sk ol . 55 3 IR HE 1) N 2K 58 BB
TZ AT F B VR R A HY R A 207 3 (8 50),
Hh R 2R MBS AR AR A E AT R Sk . 56 3 ISR 1)
BT, BT AR BT e i S TR S B A d AR
AT 2 RSP, =2 WA ET I 8% .0 JF 2.
2.5A, B iRAR IR BB A 2, HE R 7 0 47 240 A A
516.48 kN, —479.08 kN. I, —. T2 HMRsr
JibE i K AMEIE 4354 40 mm, 28 mm.

VDGR S 38 K f0 R AR 5 HE 40 [e) (1 2R 5% |
AR BT FI RS T B b s Ak S R R . T — B
B0 20 U o AR e T 2L K A BT T B T T 3
Wil VE FH W59 - T & HE U004 F i B BT 45 1 AR
Wb, AR IR TR . R TR AE TR
BRI 5d) . IR RN T E % AR
R IREE P L (& 5e). 3.0A, 55 1 JEERHL 1] 2k
SEREY . T2 RAR SR TR RAERR, T
TRIRMN T B2 55 AT RE S R AR W R BT . 5 2 DB
] R 58 I — )2 A B0 Sh D R 5 R
SRIRBE PRI (8 5. 3.5A, &5 1 1F PR ) 0% 52



%3

FESedk. . T Ok R IR ke HE 2 A L D030 P I AR B 7 45 ) ST R B E T 353

JCHS o KA A R A 0 A AT B 8500 LR . iR
S RIS 5 N6 e DLIE S

(a) RE NS ST ARLE I 2

() INEHT G L

5 RBIAK

Fig. 5 Experiment phenomena
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Tab.5 Comparison between formula, experimental and FEA results

IS w V./kN Vi/kN V/kN Viea (Vi) /kN V/Viea (Vi)
SPSW-1 0.792 7 325 17 800 7 325 7 867 0.931
SPSW-2 0.788 6 683 17 800 6 683 6 975 0.958
SPSW-3 0. 815 8 012 13 040 8 012 8 422 0.951
SPSW-4 0. 809 7 019 13 040 7 019 7 532 0.932

R 0.714 551 551 526 1. 047
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