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Performance Analysis of Square Steel Concrete Columns Filled with Exterior Walls
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Abstract: For the structural columns to be set up in fill walls is an important measure to improve the out-of-
plane bearing capacity of masonry structures. In order to address such shortcomings as complex construction, quality
assurance, and difficulty in recycling in traditional reinforced concrete structural columns, it is proposed to install
square steel tube concrete structural columns in fill walls for a further improvement of the constraint capacity of the
wall and the safety of the masonry structure. Based on the out-of-plane loading tests conducted on 6 fill walls, an
analysis is made of the bearing capacity of two scaled models of fill walls under different structural columns, followed
by a simulation of the out-of-plane ultimate load of the fill walls by using ABAQUS. The experimental results show that
the fill walls under the two structural columns are characterzied with the same out-of-plane stress performance, while
the confinement effect of the square steel tube concrete structural column on the wall has been improved by 80.3%, and
the out-of-plane ultimate load has been increased by 249.9%.
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Fig. 1 Schematic diagram of the fill wall structure
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Fig. 9 Displacement comparison of fill wall tests
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KA BT RS> BT CSCW 1 1T A BR 32 F115%
B, Zif CSCW MZhiiifi = B . M kEfr 8 - fr
R HR KR 1. Mgk 35.21 kKN B,
PR, T TN 2R O TR B 1S CSCW
AT AARSER AR, B M makszsgm, i mEsiE
LB RASTE, SFEOTIE N kS, (i
B R, AT EA 89.22 kKN I, CSCW fY 32 i i
= EnE 14 Fis .

DAMAGET

(4 75%)
+9.745e-01 T
+8.933e-01 iigane
+8.121e-01 1
+7.308e-01
+6.496e-01
+5.684e-01
+4.872e-01
+4.060e-01
+3.248e-01
+2.436e-01
+1.624e-01
+8.121e-02
+0.000e+00

B 14 CSCW ZHIR{AN N5 =B
Fig. 14 CSCW tensile damage stress distribution nephogram
H & 14 AT, - IR 7 A A8 A 3 A B Y e i
2 PR s R (E, i3 RCW SR 2

BEor A AR 5, P HIFET CSCW 5 RCW A
HHRI 2 M. & 15 Fros, M AT 07
FR/NH 202.98 mm, FlEE fa 203G, BiAh A
Wr i, BRI, (R REARRIY, A
EFTRR ICIE RS AR . IR B BR AT 2RI, A AT A
BB A RS 240 205.15 mm, X BT ANAS TR BE +
P A A AR A H 2 RS S

1600

1 200F

800r

1 % /mm

400r

0 20 40 60 80 100 120 140
faf 22/kN

B 15 #EHRTErE - fm sk

Fig. 15 Load displacement curve of structural columns

4 £5i8

1) @RI X T CSCW F1 RCW ££ 1 A oy 2%
THOPERERIR, A BT B TR AR AR TR



14 WMo Lok ok % % i

2024 4

TR EE - M A CSCW B THi 152 F1 1k REEAR:
F RCW 1. 4hnzk = RCW 1 R, csCcw
HREEBIRE R R, T RCW B 2 548% , FyrskEre
SR W R 2 AR A BE D TR e

2) il XF b RCW 5 CSCW AR R FIIE 2K
ik, 2485 NWAREE, A7 IREE S TERETE
SEREE I EE R RS 24 o A5y T X 0 T AT TR B 1A
HWRE, RW] CSCW 11 SR 48 ) R AR 15 51 48
o EAHRIGTEAERT, Jr B R EE - A RS A iR R
I F% HLAR T TR EE - A AR s T 84.2%, AR K
PR HLAR TR E - A AT R IR RS U D T 85.1%, K%
VRS 4 H PR A IS) ) B R, o B A () ) SRR R AR T T
80.3%, HAMEILE T 1.88 4%, X—45 KM,
PREREE LA AW, I8 T 2445 LA ],
BE A SO A R RS A

3) #HE A BRITEL R A3 4T T CSCW 11 1T 71 % B
HREBET), RN E RIS CSCW (iR kIR
1%, RENS S b 2 RO SR AR . LT A PR R 2K
7174 89.22 kN, AHLL T8 RCW RS, #2081
249.9%.

S 3k

[1] LUNN S D, RIZKALLA H S. Strengthening of Infill
Masonry Walls with FRP Materials[J]. Journal of
Composites for Construction, 2011, 15(2): 206-214.

[2] AKHOUNDI F, VASCONCELOS G, LOURENCO P.
Experimental Out-of-Plane Behavior of Brick Masonry
Infilled Frames[J]. International Journal of Architectural
Heritage, 2020, 14(2): 221-237.

[3] FURTADO A, RODRIGUES H, AREDE A,
et al. Experimental Tests on Strengthening Strategies
for Masonry Infill Walls: A Literature Review[J].
Construction and Building Materials, 2020,
263(120520): 16-17.

[4] MATOSEVIC D, SIGMUND V, GULJAS I. Cyclic
Testing of Single Bay Confined Masonry Walls with
Various Connection Details[J]. Bulletin of Earthquake
Engineering, 2014, 13(2): 565-586.

(51 sKFWH, B, XVEF . Ir b on 41 44 18 Bl

TEAE A RER AP UR TR IR I E [J]. B E I,
2021, 42(3): 24-33.
ZHANG Chuntao, DENG Chuanli, LIU Yifeng.
Experimental Study on Seismic Resistance of Brick Wall
Constrained by Tie Column-Beam System with Sand-
Cobble-Filled Square Steel Tube[J]. Journal of Building
Structures, 2021, 42(3): 24-33.

(6] AU, IR, XUREK . SHE A b AL ARG AT

(7]

(8]

9]

[10

—

[11]

[12]

[13]

Pk RE AR SR B AT 5 (0], K TRESE AR, 2013,
46( 35T 1): 202-207.

ZHENG Nina, LI Yingmin, LIU Fengqiu. Pseudo-
Static Test Study on Seismic Behavior of Masonry
Wall Restrained by Core-Tie-Columns[J]. China Civil
Engineering Journal, 2013, 46(S1): 202-207.
RIRE, XA R . TR EE /N A O R Y R AR Y
AL AEAT BRIC A (1], B i Tl K744k, 2002,
24(3): 15-19.

LI Liqun, LIU Weiqing. Nonlinear Finite Element
Analysis of Concrete Small Hollow Block Restrained
Masonry[J]. Journal of Nanjing University of
Technology, 2002, 24(3): 15-19.

TRIER, XK, X, & . KITI 2l m Ak
B AR S B [J]. T AR TR, 2002, 18(2):
105-109.

XU Deliang, LIU Weiqing, LIU Jingwei, et al. A
Static Nonlinear Analysis of Confined Brickmasonry
Walls in a Multistory Building with a Large-Bay[J]. World
Earthquake Engineering, 2002, 18(2): 105-109.

A N RN A 5 I & el . 28R <R EE L
it N P AR HE s IGI/T17—2020[S]. dbat: v g
ST H AL, 2020: 13-14.

Ministry of Housing and Urban-Rural Development of
the People’ s Republic of China. Application Technical
Standard of Autoclaved Aerated Concrete Products: JGJ/
T17—2020[S]. Beijing: China Architecture and Building
Press, 2020: 13-14.

KB . 2 TiC A 3 AL 24 SR AR AR 45 ) 70 5 1 RE U 5
[D]. FIK: FEPCRF, 2010,

ZHENG Nina. Study on Seismic Performance of
Assembled Constructional Column Confined Masonry
Structure[D]. Chongging: Chongqing University, 2010.
B TG DA 52 A # 56 R R RS [7]. A ST A5 4,
2008, 38(10): 80-82.

YANG Weizhong. Constitutive Relation Model of
Masonry Under Compression[J]. Building Structure,
2008, 38(10): 80-82.

HAN L, YAO G, TAO Z. Performance of Concrete-
Filled Thin-Walled Steel Tubes Under Pure Torsion[J].
Thin-Walled Structures, 2007, 45(1): 24-36.

e N RIEFNE A i & il . TR EE - 45k et
HAE: GB 50010—2010[S]. bt Hh A Tl H i
¥, 2015: 209-215.

Ministry of Housing and Urban-Rural Development of
the People’ s Republic of China. Code for Design of
Concrete Structures: GB 50010—2010[S]. Beijing:
China Architecture and Building Press, 2015: 209-215.

(WAERE: BAIE)



