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FE Analysis of the Composite Action in the Composite Beam
subjected to the Hogging Moment
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Abstract In the composite beam subjected to the hogging moment it is very difficult to evaluate the influence
of the reduction of slab stiffness due to cracks and their development on the horizontal shear behavior of shear
connection. In this study, a 3D FE model is developed by which one can analyze the composite action in the
composite beam subjected to the hogging moment. In this FE model, each structural member and shear
connection are modeled as similar as possible to details of the composite beam. Bending behaviour, and
composite action which could not be analyzed using the existing 1D or 2D FE model are investigated by the
3D model. Analysis results show that the reinforcement ratio and crack behaviour of the slab are main factors
which exert a strong influence on the composite action. According to the analysis results about load-slip
behavior, initial crack of slab and yielding of rebars have a influence on the slip stiffness of shear connection.
The existing experimental results, that the design of partial interaction can be more efficient in designing of
shear connection of the composite beams, are indirectly verified by the FE analysis.

Key Words : Composite action, Composite beam, Hogging moment, FE analysis, Shear stud
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[Fig. 1] Shear force of stud in the composite beam
subjected to the hogging moment[6]
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(b

[Fig. 2] Mechanism of horizontal shear force transmission
in the steel-concrete interface
(a) composite beam in the positive moment region
(b) composite beam in the hogging moment region
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[Table 1] Details of specimen[9-10] for FE analysis

B400 B600
steel beam HEA300
(290 X300 X 8.5 X 14)
concrete slab 1200 X 100 | 1200 X 100
longitudinal rebar 48 78 2478
traverse rebar J8@200 | F8@200
reinforcement ratio, p(%) 2 1
arrangement of studs 1X27 1X17
degree of shear connection (%) 100 100
comprezssw(: strength of concrete 100 91
(N/mm”~)
tensile strength of concrete (N/mmz) 5 5
elastic modulus of concrete (N/mm?) 32673 30592
yield strength of steel beam (N/mmz) 525 510
tensile strength of steel beam (N/mmz) 617 585
yield strength of rebar (N/mmz) 616 616
tensile strength of rebar (N/mm?) 679 679
i shear studs 1 x 27 19/250 0
A 7
o
[ITTTT
300 3000 ﬁr 3 3000 300
= —¥
6600
4 1200 »
4808  @8/20 @19, h=80
IC I ] 100
j[ HEA 300 290
(@
n shear studs 1 x 17 19/400 N
< »
o) o)
| N I B | | O O N ) Y |
300 3000 4F 3000 300
= F—
6600
y 1200
2128 @8/20 @19, h=80
[c T )| 100
| HEA 300 290

(b)

[Fig. 3] Specimen[9-10] for FE analysis
(a) composite beam B400(o = 2%)
(b) composite beam B600(0 = 1%)



FRHES W R Ay 7lsol tie fkeas)y

I

2] tension stiffeningS sfjAZ o2 11835}7|
9190 Fig. 40] vhebl wle} o] 2el=o] Slg@ol
TS o] Fo= A A= (041)E FASHA 1]
dslEeRAE Fig 5 0 A (Delkeh e
Khan-Saugy[12]0] I3} Al2HE wha)7|zo0] Abg=loict
27t B 4 ok YI A AEee o
SN Y YFHER AFE, o] v 39
Bof 4] eF=dzel gt AA13]e] o3ttt =
Fig. 6o]l LFERA ul} o], s Q1o et ma) el
S Ax QAT = o3| AlghE|H(tension cutoff), 3Z}
SYFIINA & o] FAlol 2HEete 23S
Aol tiet syt oS SR MY A=
27 )
43

o>y

18 o px

o

+

jis

= g dF = sgshe e AAR 5t
A2l 225 el sloz 7PdEn14].

E 240 03] £, 47 @ #UL Solid R4
o] AHRAA7L obd 84:9] Yol A Yol smeared
model©o] ARG-E| AT}, AFETL Er|Aa i ARSI
I AHLe FAHE 3D 949 HEF 3 JRoA ¥
FES Ptk ftaseidel] A8 ZRae HE
siz2 a7 Fo 3¢l ADINAoT

Oc &

fo |-

fOU i i

£t

0.4%

[Fig. 4] stress-strain curve of concrete
al, + /I, — k=0 (1

1714,

L=o0,toy,+0;=30,,

4051

1 3
L@ZE[(‘H ‘72) +(Uz ‘73)2+(‘73 ‘71)2] 57?2)(1
n—1 —n O

T V3n-1)° V3en—-1)""" o,

[Fig. 5] Triaxial compressive failure envelope of concrete
model [12]
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[Fig. 6] Triaxial tensile failure envelope of concrete model
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[Fig. 7] Existing FE model of the shear connection applied
to this study[l5, 16]
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(a) Composite beam B400
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[Fig. 10] Comparison of load-slip curve with test result
(a) Composite beam B400
(b) Composite beam B600
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[Fig. 11] Comparison of rebar strain with test result
(a) Composite beam B400
(b) Composite beam B600
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[Fig. 12] Comparison of steel beam strain with test result

(a) Lower flange of steel beam, B400
(b) web of steel beam, B600
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