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Experiment on compression performance of steel frame composite wall
sheathed with concrete and plasterboard

WANG Weiyong'*, MA Jie'

(1. School of Civil Engineering, Chongqing University, Chongqing 400045, China;2. Key Lab of New Technology
for Construction of Cities in Mountain Area ( Chongqing University) , Ministry of Education, Chongqing 400045, China)

Abstract: In order to improve the assembly efficiency and protection performance of traditional cold-formed thin-
walled steel composite wall, a steel frame composite wall sheathed with concrete and plasterboard (referred to as
“composite wall” ) was proposed, where the main skeleton consists of channel-shaped beams framed with cold-
formed thin-walled C-steel column, the external wall is cast-in-place concrete panel reinforced with steel mesh, the
inner side is covered with plasterboard, and the thermal insulation material is filled inside between the external and
internal panels. Four composite walls were tested, and the compression behavior of the walls was studied. The
effects of concrete panel and the size and positions of the opening on the bearing capacity of the walls were
investigated. The failure modes of walls with different configurations under vertical load were identified. A finite
element analysis model of the wall was established, and the factors affecting the structural performance of the wall
were analyzed, including the thickness of the concrete panel, the steel reinforcement ratio, the type of inner
wallboard, the screw spacing of the wallboard, the strengths of both concrete and steel sections, and the size of the
opening. Research results show that compared with the wall which has no external concrete panel, the wall with
concrete panel possessed higher vertical bearing capacity, and the openings in the wall such as door and window
had greater impact on the bearing capacity of the composite wall. The failure of the wall began with the local
buckling of the column on the inner side of the wall, causing the wall to lose stability to the inner side along the
connecting line of the buckling parts of each wall column. The reinforcement ratio of concrete panel, the type of
wallboard, and the screw spacing had little influence on the vertical bearing capacity of the composite wall. It is
suggested that the spacing of steel mesh should be 50 mm and the distance of screws of plasterboard should be 150 mm.
Keywords: steel frame; plasterboard; composite wall; compression performance test; parametric analysis; design
method
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Fig. 1 Lightweight hinged steel frame system
WTSERE R S AR A 2 TR PERE X 1 3L
AT B AR Y S B B A 3 R A 0 531 RS HR BE
TR FIA B R A AR AT A2 T, B T
JE ISR 11 RS B Aor %o 35k AR 32 M g 1 5% i

34 REARIORE AR TR - (RS I ek
SRR A SRR | T W B e L 50 A
BRITAEH IS HOMTIRG 2B 20 i i
TR OS], 6T W7 2 L o 8 1 R 7 5
Ik

1 RIEHEI

gt

ST 4 FSK, S W~ Wa b W1l
) 194 25 THE B RO 245 i A, AR TR P I
FEAURHE , WIOUE A 2 J2 12 mm & B4 & T R4
WL Mg A R A IR s W2 ~ W 0 5 i
AT T ST4. 8 B [ ICURATHE 2 2 12 mm 5 FFA
il TR | 16 40 mm PLUS IR £ J2 (M
RN LA L AN S 46 20 mm JBL) | A
T 3@ S0 G422 [ , i H T 5 40 r Ak A i A 3
Y5 HNFETRT AR5 T 5O mm , SERSE - M o5 1 1
USRI HE R AL 2 9y . o W2 O R 1 4
B A, W3 WA B 1S4 R, W S TR
P, FEAT IR PERO RS HEFISE 14 2 400 mm (7595 H
S 1) AR S A 1 5 A 25 R4 1 SR
PR R LI 2, R R R R s UL 3, T
1AL A R R R UL 4

N /— -
o

1.1

140
134

1.5

*—'
N — | - Q
, 40 |, , 40 |
E2 ATRREER~(mm)

Fig.2 Cross-sectional size of cold-formed thin-walled steel (mm)
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Tab.1 Test results of mechanical properties of steel
WERE  JaRGREE,  BUhREE/  SRMERTE/ RMIE/
mm MPa MPa GPa %

3.0 460.2 557.1 197.2 14.3
1.5 355.0 598.1 209.3 16.7

x2 RELTHFHEKBER

Tab.2 Test results of mechanical properties of concrete

MPa
SOPRBURSE  WMOBE  ob
N
MRS Pt s i
w2 33.61 25.54 2.73
W3 34.36 26.11 2.76
W4 34.02 25.86 2.75
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Tab.3 Ultimate vertical load and displacement of the wall

g PR A e/ kN PR A A%/ mm
w1 671.0 7.10
w2 960.0 6.86
W3 604.0 6.68
W4 535.8 6.45
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Fig. 11  Comparison of vertical load—displacement curves obtained by test and finite element model
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Tab.4 Comparison of ultimate vertical load between test and

finite element model results
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Tab.5 Simulation results of vertical bearing capacity of

walls with different wallboard types
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Tab.6 Simulation results of vertical bearing capacity of walls

with different opening sizes

eS| K1/ kN TR %
W3 -0.8+0.8 632.0 3.50
w3 610.6 0
W3-1.2x1.4 576.7 -5.50
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Tab.7 Comparison of vertical bearing capacity between

Fig. 21

simulation and calculation results

A LS FRESIBHUE/KN RS RAE/KN 1R25/%
DX JEERE ¢, FIREE 3R 1 B m R N TR Tk w2 931.2 920.3 1.2
N = f.bt, (4) w3 610.6 592.4 3.0

W2 -Q235 743.0 743.0 0

t, = 0.236¢ - 6. 33(11703)+5,4 (5) W2 - 25 909.7 901.6 0.9
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