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Numerical calculation model of crack width in negative moment regions
of steel-concrete composite beams
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Abstract: To obtain a more accurate method for analyzing the crack width in negative moment regions of steel-
concrete composite beams, a numerical calculation model of crack width under static loading based on bond-slip
theory was established, considering the bond-slip relationship between reinforcement and concrete, the slip effect
between steel beam and concrete slab, concrete shrinkage strain, and tension-stiffening effect. The predicted values
of the model were compared with related literature data and the calculation results of standard formulas. Results
show that the calculated values of the proposed model could well simulate the development process of crack width
before the composite beam reached the yield load. The suggested model appeared to provide unreliable predictions
that the crack width increased by 10% when the slip effect at the beam-slab interface was not considered. Compared
with the experimental values, the results obtained from the standard formulas had a large deviation. While the
results obtained from the proposed numerical calculation model were in good agreement with the measured values,
and the dispersion coefficient was the minimum, which verified the accuracy and applicability of the model.
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Tab.1  Crack width calculation resultsobtained by different

Tab.2 Comparison between crack width calculation results and

measured values
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Tab.3  Statistical analysis of crack width calculation results

Geitat SEIME Y5 EHARL
w,/w 1.04 0.33 0.32
wy/w 1.05 0.24 0.22
wy/w 1.18 0.39 0.33
wy/ W 1.21 0.28 0.23
ws/w 0.85 0.23 0.27
we/w 1.20 0.58 0.49
wq/w 0.94 0.17 0.18
5 % #

1) Z55 75 FE B0 AR B L 18] A 25 245 1 ) - %
KA BT TR G b A I A RS RO TR A

methods mm
Bl Wy BRI L PSS
K KN g, (2] 4 (3] 4 (B3] (28] 4, (25 4 (5] oy
100 0.04 0.04 0.03 0.05 0.03 0.01 0.05
200 0.07 0.07 0.06 0.09 0.05 0.06 0.07
SCHC8] 300 011 0.09 0.0 0.2 0.08 0.12 0.09
SCB1-1 400 0.14 0.12 0.15 0.16 0.11 0.18 0.11
500 0.18 0.14 0.20 0.19 0.13 0.23 0.14
600 0.21 0.16 0.25 0.23 0.16 0.29 0.16
700 0.25 0.19 030 0.26 0.19 0.34 0.18
k267 50 017 024 023 022 0.16 0.5 0.18
SCB1 70 0.23 034 0.32 030 0.23 0.28 0.24
ik 26] 55 0.19 0.27 0.26 0.24 0.18 0.19 0.21
SCB3 80 0.27 040 039 035 026 036 0.30

AR DL AR RE LAk 0 25 2, 3 TR 45 - 1 R Blie
ST TN AR TR LA A R AT X
L% T R TR,

2) K MATLAB B0 9 i S 90 R4 5% 5 )3 110 2%
AT 3 28 55 4 S SCHR BRI A 768 L A3 B vl 0, 8
YA GEIR B e M Ao 281, A SCRSERLAS 3] 1) 25 SR B
BT MR AU AR T 8 1 R R R, SRR 25 R &
AT AP AN G VR R - A () A TV RS 0 I
GRCET Y SN e e A - TR 2 GVA BN
10% /45

3) a5 4% FE RV Hp 4 R 0 2 R R A
I7 RS BN S5 S A 47X BE A0 B T A0, 4 BEAR Y 4
ISR B 25 5 5 B 50 R 25 5K, SR AR SCHUE
VAR A A5 25 5 5 S E W) & B 30 B i R 4
/I B — 2 B AR f o B R R



5 3 10 REW], 5 W-TREE L4153

T2 R X R i P R T A .81 -

5% Xk

(1] ERIERD, REL, 5 AR 57 55 fF 2AE R &0 B0 J7 Rk 4
RALETTRE fﬁ* TALT]. PERAAAR (ASRBRAR) | 2014,

45(11): 3977

HAN Jigang, SONG Yupu, CHANG Jifeng. Analysis model of crack

width of partially prestressed concrete beams under fatigue loading

[J]. Journal of Central South University ( Science and Technology) ,

2014, 45 (11) . 3977

RN, BT, XIS 9% 55 1 BPE F R AR BT 45 41 R 10 B9 7R 28

JHRACRUHEL T ], MR Tl K224k, 2016, 48(9) : 76

WANG Bing, HUANG Qiao, LIU Xiaoling. Shear capacity degrada-

tion law of stud connectors under fatigue loading [ J]. Journal of

Harbin Institute of Technology, 2016, 48(9) . 76

Comite Euro-International du Beton.Model code for concrete struc-

tures; CEB-FIP Model Code 2010 [S]. London: CEB, 2013

[4] American Concrete Institute. Building code requirements for structural

concrete and commentary; ACI 318—11 [ S]. Michigan; ACI, 2011

A BRI 3 B I 2 B 1. TR BE - 25 B HLE : GB

50010—2010 [S]. dbat: HEEF TSR, 2010

Ministry of Housing and Urban-Rural Development of the People’ s

—
%]
[

[3

[

[5

[

Republic of China. Code for design of concrete structures; GB
50010—2010 [ S]. Beijing: China Architecture & Building Press,
2010

(6] Attt BfF, SCfl. iR J) CFRP A5 TR & 415 %
TPERRIRIR ()], MR Tl K24, 2019, 51(3) : 80
WAN Shicheng, HUANG Qiao, GUAN Jian. Test on flexural behav-
ior of steel-concrete composite beams strengthened with prestressed
carbon fiber-reinforced polymer plates [ J]. Journal of Harbin Insti-
tute of Technology, 2019, 51(3) . 80

[7] HAMODA A, HOSSAIN K M A, SENNAH K, et al. Behaviour of
composite high performance concrete slab on steel I-beams subjected
to static hogging moment [ J]. Engineering Structures, 2017, 140.
51

[8] SONG Aiming, WAN Shui, JIANG Zhengwen, et al. Residual de-

flection analysis in negative moment regions of steel-concrete com-

posite beams under fatigue loading [ J]. Construction & Building

Materials, 2018, 158 50

CHIOREAN C G, BURU S M. Practical nonlinear inelastic analysis

—
=)
[

method of composite steel-concrete beams with partial composite ac-
tion [J]. Engineering Structures, 2017, 134,74

[10] LIN Weiwei, YODA T. Numerical study on horizontally curved
steel-concrete composite beams subjected to hogging moment [ J].
International Journal of Steel Structures, 2014, 14(3) . 557

[11]LIU Xinpei, BRADFORD M A, CHEN Qingjun, et al. Finite ele-
ment modelling of steel-concrete composite beams with high-strength
friction-grip bolt shear connectors [ J]. Finite Elements in Analysis
& Design, 2016, 108 54

[12]5KEEFS. HY-TREE T A1E B 0024 X 2 T Mk e KT 2845 1 193k
B B[ D] dbat: JERIBCi R, 2009
ZHANG Yanling. Theoretical analysis and experimental research on
behavior and crack control of negative moment zone in steel-concrete
composite beams [ D]. Beijing: Beijing Jiaotong University, 2009

[13]NIE Jianguo, FAN Jiansheng, CAI C S. Stiffness and deflection of

steel-concrete composite beams under negative bending [ J]. Journal

of Structural Engineering, 2004, 130(11) ; 1842

(141050 K, XI5, SRAT i B (F 0 (B 1 76 S0 09 1 - B A M C &R
[J]. R (A RPN , 2014, 42(7) : 1006
LIN Zhaofei, LIU Yuging. Peak slip and load-slip relationship of
headed stud connectors [ J]. Journal of Tongji University ( Natural

Science) , 2014, 42(7) . 1006

(151K, XIE%E, BUR. BT B 5o oy W BE T 507 iR
[J]. T/ S%, 2014, 31(7): 85
LIN Zhaofei, LIU Yuqing, HE Jun. Research on calculation method
of shear stiffness for headed stud connectors [ J]. Engineering Me-
chanics, 2014, 31(7) . 85

[16 JFABBROCINO G, VERDERAME G M, POLESE M. Probabilistic
steel stress-crack width relationship in R.C. frames with smooth re-
bars [ J]. Engineering Structures, 2007, 29(1); 1

[ 17]MANFREDI G, FABBROCINO G, COSENZA E. Modeling of steel-
concrete composite beams under negative bending [ J]. Journal of
Engineering Mechanics, 1999, 125(6) ; 654

(18] Befa | S . US4 AR T 5 I B ROV Y2445 AR )
SM[J]. TREJI%E, 2005, 22(3) : 177
FAN Jiansheng, NIE Jianguo.Effects of slips on load-carrying capac-
ity of composite beams under negative bending [ J]. Engineering
Mechanics, 2005, 22(3) : 177

[19]HE Jun, LIU Yuqing, CHEN Airong, et al. Experimental study on
inelastic mechanical behaviour of composite girders under hogging
moment [ J]. Journal of Constructional Steel Research, 2010, 66
(1):37

[20]OLIVEIRA R S, RAMALHO M A, CORREA M R S. A layered fi-
nite element for reinforced concrete beams with bond-slip effects
[J]. Cement & Concrete Composites, 2008, 30(3) ; 245

[21]CASTEL A, VIDAL T, FRANCOIS R. Finite-element modeling to
calculate the overall stiffness of cracked reinforced concrete beams
[J]. Journal of Structural Engineering, 2012, 138(7) : 889

[22] American Association of State Highway and Transportation Officials.
Bridge design specifications; AASHTO LRFD[ S]. 8th ed. Washing-
ton DC: AASHTO, 2017

[ 23] CEN-European Committee for Standardization. Design of composite
steel and concrete structures part 1.1 general rules and rules for
buildings: Eurocode 4, EN 1994-1-1 [S]. Brussels: CEN, 2005

[ 24]Japan Society of Civil Engineers. Committee of steel structure; JSCE
standard specifications for steel and composite structure [ S]. Tokyo:
JSCE, 2009

[25] rhie N R L [ 52 S8 F . 2 AW A IR AR - R 30 R 5 4
RS BLTE . JTG 3362—2018 [S]. dbst: AR ASHE H AL,
2018
Ministry of Transport of the People’ s Republic of China. Specifica-
tions for design of highway reinforced concrete and prestressed con-
crete bridges and culverts: JTG 3362—2018 [ S]. Beijing: China
Communications Press, 2018

(265K EFy, BhidA: | ZRin . i S 2 A 0 48 R LA S 1T 1
IR )]. TR, 2011, 28(7) : 84
ZHANG Yanling, FAN Jiansheng, LI Yunsheng.Law of crack devel-
opment and calculation of crack width of continuous composite beams
[J]. Engineering Mechanics, 2011, 28(7) ; 84

(i A4L)



