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Abstract : Based on the advantages of reliable force transfer and high strength of lock riveted joint, a new type of cold-formed
thin-walled steel-concrete composite beam with built-in riveted openings is proposed. A four-point bending test was
carried out to investigate the failure characteristics, bearing capacity and ductility of the thin-walled steel-concrete
composite beams with built-in riveted openings, taking the distance of rivet at the bottom and the width of section as
variables. The test results show that the new composite beams exhibit good ductility properties under bending. The

ductility of composite beams with small rivet spacing at the bottom is slightly poor. The ultimate bearing capacity of
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composite beams can be improved by increasing the section width. ABAQUS finite element software was used to

analyze the effects of concrete encasement, concrete strength, rivet distance at the top, thickness of steel plate at the

bottom, and section height on the performance of the composite beams. The results show that the stiffness and bearing

capacity of the specimens can be effectively improved by pouring concrete around the C-shaped steel web. With the

increase of the concrete strength, the thickness of the bottom steel plate, the height of the section and the decrease of

the rivet distance at the top, the flexural capacity of the composite beam increases. The error between the calculated

value and the test results is less than 10%, which indicates that the full section plastic criterion can accurately reflect

the ultimate bearing capacity of the composite steel and concrete beams with built-in riveted openings.
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Fig.1 Composite beam model and specific

dimensions (unit:mm)
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Table 1 Design parameters of composite beam

specimens
1‘%&4‘% WA RRE RIHAT P
%5 b>Xh/mm W $E/mm
B-1 10093 100 AT A
B-2 100 93 75 B R BRI 4T 1A SE
B-3 100 93 50 B R BRI 4T 1A 3B
B-4 12093 100 PR A TR
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Table 2 Mechanical properties of steel

% o i R 3R R AL

AR % A A5 f,/MPa £./MPa
AR A Q235 2754 397.1
C A 4R Q235 271.5 379.7
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Fig.2 Microcomputer controlled electro-hydraulic

servo universal testing machine
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Fig. 5 Failure modes of specimen B-1
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Fig. 8 Distribution of specimen B-1 mid-span cross

section strain along height
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Fig.9 Load-strain curves of steel
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Table 3 Yield displacements of specimens mm

KA JUTEB R Fa Bk EE RPakkx FHMA

B-1 17.75 13.00 16.30 15.68
B-2 16.27 13.16 16.49 15.30
B-3 12.80 11.07 15.00 12.96
B-4 15.41 12.62 16.40 14.81

x4 BFRGTEHERHY

Table 4 Ductility coefficients of specimens

K JBRAT B BIRALAS MIRATH MRRAEA 3&’}1
P,/kN A/mm  P,/kN A,/mm 1
B-1 26.84 15.68 29.74 121.92 7.49
B-2 25.81 15.30 28.98 115.03 7.32
B-3 24.73 12.95 28.97 59.83 4.51
B-4 28.41 14.81 32.22 126.52 7.99
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Table 5 Parameter values of concrete

plastic damage model

}ﬁ/‘ﬁjﬁ}%/o Iy s R _/;7()/_/;‘(] K ﬁ‘}i;ﬁ‘&}i
30 0.1 1.16 0.667 0.001

T o/ fro A S JE 5 b % AL R R 2 MK A % 4T
K52 EFFEE R A AL

BN AL 1) A Ky 455 R0 25 SR O AT £ 5 Ak AS By AR 4
B 11 Ao, Hop ) i IR 5 3 B0t 06 (8, o Pk AR i BB
2 X10° MPa,



16 M A R kR 8274

iR A
IIEEEI T e ey e e

B sl cmm
“z SRR
U=Ugy=Up5=0 pop i
Us=Uy=Up,=0
s E12 HRTER

Fig. 12 Finite element model

11 R4 Rz ) - R 35 i 2%

Fig. 11 Stress-strain curve of steel

32 ARTEBET

XA C 78 A0 RN 5k A 3 7 A B e A AR | 45 1
F R /N 507 T AR 2 M U 4 R 43 BT C3DSR AL, I
B USE O 10 mm, 58 T3 iy k2 S % B ke b s
S IR ] SR ] ABAQUS $RF idSr 1/4 BERY
WME12P0R . TR R T BT R R R BER R
LA AR O dE B R R A A R R 4k
BUET, BLR D735 R o o e AR OVET Ab 42 AL 5 AL A Bl % 48 e
SR U B2 43 A F A B0 ALY bl TR 52 Bh R ok i 1
PEAFLIA oL G 13 TR .

RS R v, C AV IR TR AR A S5 IR BE £ 2 AR &
A X RS BT BR TR AL R R AL C AN SR 2
Ti1) DL % JE ¥ A9 A 5 TR O - =2 ) R R R, AN R
H B Z A B o A0 S 1) 30 A% R R TR
S, NP I S SR A A 12 BT

E13 WMETRE
Fig. 13 Coupling node method

3.3 tHELGIE

MG bR i @B Tk 0 A2 A Rl AT A R
JUAE R I3 A, A BR TR UL L5 106 14 £ - 15 v g J3E it 2 X
FEAn Pl 14 Fr o A7 BR ST AU -5 1006 1) A% BIR 7 28 77 X6 L
K 6PN

— R | — R
6 - - AR CE, i - - AR TCR,
0 25 50 75 100 125 150 0 25 50 75 100 125 150
P / mm B HeE / mm
a) WAB-1 b) kfFB-2
36 36
30 B _ B 30 / —
zur s
18t 18 ','I
LSSP) & 1, -,'
/ — R | — R
67 - - IR TTH 6 - - A IR TTH
0 50 75 0 25 50 75 100 125 150
E?‘:P?E)E/mm 5P / mm
c) W fB-3 d) iXfFB-4

14 BIRTRLS XL 89758 i E d & Xt L

Fig. 14 Comparison of load-midspan deflection curves between finite element simulation and test



511

P T L V& 25 1 AR 5 - A 5 TR R A R RE T 17

x6 ARITEISIXIEHE IR A N FRRAE S 3T LE
Table 6 Comparison of yield bearing capacity and
ultimate bearing capacity between finite

element simulation and test

HH%% F,/kN F,/kN F,/kN F,/kN F,/F, F./F,

B-1 26.46  26.84 30.20 29.74 0.99 1.02
B-2 26.32  25.81 29.96  28.98 1.02 1.03
B-3 25.25 2473 28.62  28.97 1.02 0.99
B-4 29.44 2841 33.26  32.22 1.04 1.03
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