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Novel Nonlinear Fiber Beam Element Model for
Analysis of Steel-Concrete Composite Beam with
Interface Slip Effect Considered
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Abstract ;: A novel nonlinear fiber beam element model considering the interface slip effect of steel-
concrete composite beam was proposed to analyze the elastoplastic behavior of such structures up
to collapse. According to the structural characteristics of steel-concrete composite beams, the
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relative slip deformation mode between steel beam and concrete slab was introduced into the
traditional fiber beam element. A new finite element formulation and iterative calculation method
were derived to capture the nonlinear interface slip effect and the materially non-linear behaviors of
steel beam and concrete slab. Then, the theoretical model was programmed in the OpenSees software
as a newly developed element type. The effectiveness of the proposed model and developed
procedure were fully verified with the reported tests and the elastic analytical solutions. Compared
with the test results,the prediction deviations of the proposed model were within 8. 6% for structural
deformation and within 1. 7% for structural capacity. The analysis results revealed that the structural
stiffness and capacity were decreased with the weaker interface connection and the interface slip
effect was non-negligible. The proposed model and developed program in this paper provided a high-

efficiency analysis tool for the analysis of steel-concrete composite structures.

Key words :interface slip effect;composite beam ;nonlinear behaviors ; fiber beam element
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Table 1 Comparisons between calculation and test
results of structural deformation

Tk ZERG AR I

Wi st
SCB-1 7.40 7.62 2.97
SCB-2 7.71 8.37 8.56
SCB-3 8.86 9.45 6. 66

F2 AEBHEREIHEERN L
Table 2 Comparisons between calculation and test
results of flexural capacity

B K1/ (kKN-m)

W5 sl i v
SCB-1 96. 6 95.1 -1.55
SCB-2 86.5 87.9 1.62
SCB-3 76.52 77.7 1.54

SIHTEI R AT AT . 76 AH [F) 45 44 B #800
WAHEOL T, Bl A2 R B Y BRAIR, 254
HRET R TR, EE BRI AR 5K
S5RGBT, HL 200 RS 28 Rk 5
RIS LSRR — B, [FInS, R L Gar 4 3
FITHL I A3 AT T 58 4 W 4 12 T 14 45 44 i
N IR RE R G IR 45 F 25 6. 57 mm,
W FRPLZS /K3 S0 104. 7 KN-m, AJLIE
AN R TR R 255007 4 i T 285 R ) 7

B Al
2.2 AEEMEIRGR A TRIE
PEHUSCHR[ 7] SCB-10 1 g 437 %2 45
B2 A P AR T B R NN )2 AT
RAHE FHPE, B 6 S SCB-10 5 221
A R ET TN R 190 mm, B K BE A 4t
B EIEYIZ NI p, S 270 MPa, #5115
ORGSR . iR FH TS o AL b
BEAR SCR TR S 2.1 7 —2L,

g’f * P2 ‘ P2

770 . 760 3 770 n
T T T T

Be6 fHamEim sz k

Fig. 6 Schematic diagram of test beams under

negative moment loading

MR IR G PO i SR B, R
P A R SR a Aid R 64 1 2 AT s TR
RHAMEGELT A L A TTHER A 1 58 4 MR 3
T S PEREHEAT XS L, BRI R Y
IR AR S UL A R AT L AL an i 7 B
o BHUEE R SIS REEA W) & | w1
P PR i R T R AN

80 -

0
2900 - scB-10dm N
> 50 — Stk &R
& | e SCB-10#4]
540
ﬁ 30
"ol

10 f

0 20 40 60 80 100
ALFE/mm

7 SRR R A LR Hh 2
Fig.7 Load-displacement curves of test beams

under negative moment loading
:I_: N
3 45

(1) 2B 57 Y 5T B A ) 28 58Ik AT
T - TREE A R T S A e



CAR Ul

RARAR A - 25 S ST 1 R 0N AR B — TREBE 245 R B AR S M 2T 4 2 A T Y 57

AN B L T RS RN Je A AR AT R 5
O3 S A AR HL, 2B 3 T B PROT R AR
XFEEAAETE (Al T 22 76 8. 6% LAY, LS
KB R ZETE 1. 7% LA,

(2) M4 B S B R, IR 4L &
ZEESPURTER: (R ET T 2 000 mm ) AH$E 5
SPUBTE R AT M EEGEA ) T 0 B9/IME)
E S Ik T 45 48 AR TR ¥ K 2 50%
TSP RS L 19% |, IE S
IR TR EL 47 % ¥ R 5500 % 1E 25 4 7K 3%
IR B 2 T B AR

(3) ZEH L Y PRI AL 2 SR A4
NN — TR G AR M 1 E R i S
VAR SR T — B0 Ay fa7 i e ) o T 1%

% 0k

(1] HMA TR RS, % W - RAG T

2019 4E M HEE[T]. ARSI TR %
(HIESL) ,2020,42(5) ;168 —182.
( XIAO Lin, WEI Xing, WEN Zongyi, et al.
State-of-the-art  review of  steel-concrete
composite bridges in 2019 [ J]. Journal of civil
and environmental engineering, 2020,42 (5)
168 - 182.)

(2] Fhams, xR &, oh SCak, 55, ol A 45 8 1Y
B — IR LG R IR IR TR [ T]. I
PR S K 22 22 4 ( B R B2 ) |, 2020, 36

(2):202 -211.
( SUN Jianpeng, LIU Yintao, SUN Wenwu,
et al. Experimental study on mechanical

behavior of steel-concrete composite beams
with variable height at the ends [ J]. Journal of
Shenyang jianzhu university ( natural science) ,
2020,36(2) ;202 -211.)

[3] YAN L,HAN B,FAN L, et al. Fatigue damage
of PBH shear connector of steel-concrete
composite  structure  [J].  Engineering
structures ,2020,213 :110540.

[4] ZHAOY, YANG Y, XU S, etal. Shear
connection of reinforcement stiffened cold-
formed U-shaped steel and concrete composite
beam [J]. Engineering structures, 2020,
219.110862.

(5] e NRILFELE G M S @i, hae A
TR ] 6] 5 Jo e M S A 5 ) . A 2
IR uE . GB 50017—2017 [S]. dt 5t
AR Tl A, 2017
(Ministry of Housing and Urban-Rural Development
of the PRC, General Administration of Quality
Supervision, Inspection and Quarantine of the
PRC. Standard for design of steel structures:

[10]

[11]

[12]

[13]

[14]

[15]

GB 50017—2017 [S]. Beijing: China
Architecture & Building Press,2017. )
Bkfd A SR SRR R 25 i A AU
MG RAR B I 30 [J]. TR 17,2005,
22(3) 177 —182.
(FAN Jiansheng, NIE Jianguo. Effects of slips
on load-carrying capacity of composite beams
under negative bending [J]. Engineering
mechanics,2005,22(3) :177 - 182. )
TRARES . 4 — IR BE - 4115 T 5 51 O 76 e
XPAETE M [ D], 75 4. 16 22 g SRR
2#,2009.
(ZHANG Linyan. The interface slip of steel-
concrete composite beam and to impact on the
deformation [ D]. Xi’an: Xi’an University of
Architecture and Technology,2009. )
M. ARETEE AN — TR BE L 2H A AR RE G
WF5E [D]. BUM WK ,2013.
(WU Lin. Experimental investigation on performance
of composite steel-concrete beams with
corroded studs [D]. Hangzhou: Zhejiang
University,2013. )
XING Y, HAN Q, XU 7], et al. Experimental
and numerical study on static behavior of
elastic concrete-steel composite beams [J].
Journal of constructional steel research, 2016,
123,79 -92.
WANG B, HUANG Q, LIU X L, etal
Experimental investigation of steel-concrete
composite beams with different degrees of
shear connection under monotonic and fatigue
loads [J]. Advances in structural engineering,
2018,21(2) ;227 - 240.
ZHAO Y,ZHOU X, YANG Y, et al. Negative
bending behavior of novel U-shaped steel and
concrete composite beams [J]. Engineering
structures ,2021,237.112217.
ZHANG Q, JIA D, BAO Y, et al. Flexural
behavior of steel-concrete composite beams
considering interlayer slip [J]. Journal of
structural engineering , 2019, 145
(9) :04019084.
Ky, K. AN - TR LS AR
RN W RS R B R AN [T TR o
2016,33(9) :49 -58.
(ZHU Li, NIE Jianguo, JI Wenyu. Slip and
shear-lag effects of steel-concrete composite
box beam [J]. Engineering mechanics, 2016,
33(9):49 -58.)
WANG Y,NIE J,CAI C. Numerical modeling
on concrete structures and steel-concrete
composite frame structures [J]. Composites
part b-engineering ,2013,51 .58 —67.
YAN W T,HAN B, XIE H B, et al. Research
on numerical model for flexural behaviors
analysis of precast concrete segmental box
girders [J]. Engineering structures, 2020,
219:110733.

(TS XL PSR Il )



