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Fig. 1. Composite girder and secondary beams before the
construction of concrete slab
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Fig. 2. The concept of effective width [6]
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Fig. 3. The proposed effective width of INBC for
secondary composite beams [1]
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Fig. 6. Plan of the studied composite floor
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Fig. 7. The variation of the effective width of type-1 models
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Type Model Span Modeled Sr St (Sr+SL)L Girder
No. length slabwidth (m) (m) section
(m) (m)

I 1 6.4 32 16 16 0.5 2IPE 180+
2PL220X10
2 6.4 45 225 225 0.7 2IPE 200+
2P1.220X12
3 6.4 5.8 29 29 0.9 2IPE 220+
2PL.240X12
4 6.4 7 35 35 1.1 2IPE 240+
2PL260X12
II 1 6.4 24 16 08 0.38 2IPE 180+
2P1.220X10
2 6.4 3.375 25257 NE125 0.53 2IPE 200+
2PL220X12
3 6.4 435 29 145 0.68 2IPE 220+
2P1.240X12
4 6.4 525 3.5 .75 0.82 2IPE 240+
2PL260X12
I 1 6.4 16 16 00 025 2IPE 180+
2P1.220X10
2 6.4 225 225 0.0 0.35 2IPE 200+
2PL220X12
3 6.4 29 29 00 045 2IPE 220+
2PL240X12
4 6.4 35 35 00 0.55 2IPE 240+
2P1.260X12

Table 1. Characteristics of the studied composite girders
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0 05 1 35

05,5 sbadte 6\ﬂJ|;J¢fcab);J,béuﬁ &5 AY
1l

-4 -3 -2 -1 0 1

~
Fow
»

0.0

=
o

»
o

Lol
=]

w
o

Longitudinal Stress (MPa)
s
o

o
=]

Ping
o

-8.0

Width (m)
Fig. 12. The longitudinal stress distribution on the width
of the slab of type-I11 models

G5 lBa gloey, 8 oot Lo mli g ax 5 L
S 2o Olebl Gl 5o a8 S AT Ol s
S e gl el ol olatle e ol e (ool
(SIL> NV slacs S ) Sosie ol 93 olld oo
el 38 5 eslizal L

L b o ol Y0
Dby 059> 53 Jie o e Ol 4 O3 g sk w

oo 4 god Olgie s I =) 5 11) A=Y gladis o as 8



Yav Jl /) A)M/V.AJ\?;AAJJJ

References =Y
[1] Azhari M., Amoushahi H. & Mirghaderi R. 2014,
Limit state design of steel structures (LRFD), Vol. 5:
members design, Arkan Danesh, Isfahan (In Persian).

[2] Chapman J. C. & Balakrishnan S. 1964,
Experiments on composite beams. The Structural
Engineering, 42(11), 369-383.

[3] Brosnan D. P. & Uang C. M. 1995, Effective width
of composite L-beams in buildings. Engineering
Journal, AISC, Second Quarter, 73-80.

[4] El-Lobody E. & Lam D. 2003, Finite Element
Analysis of Steel-Concrete  Composite  Girders.
Advances in Structural Engineering, 6(4), 267-281 .

[5] Amadio C., & Fragiacomo M. 2002, Effective
width evaluation for steel-concrete composite beams.
Journal of Constructional Steel Research, 58(3), 373-
388.

[6] Amadio C., Fedrigo C., Fragiacomo M. & Macorini
L. 2004, Experimental evaluation of effective width in
steel-concrete  composite  beams.  Journal  of
Constructional Steel Research, 60(2), 199-220.

[7] Nie J. G, Tian C. Y. & Cai C. S. 2008, Effective
width of steel-concrete composite beam at ultimate
strength state. Engineering Structures, 30(5), 1396-
1407.

[8] Prakash A., Anandavalli N., Madheswaran C. K.,
Rajasankar J. & Lakshmanan N. 2011, Three
dimensional FE model of stud connected steel-concrete
composite girders subjected to monotonic loading.
International Journal of Mechanics and Applications,
1(1), 1-11.

[9] Baran E. & Topkaya C. 2014, Behavior of steel-
concrete partially composite beams with channel type
shear connectors. Journal of Constructional Steel
Research, 97, 69-78.

[10] Wang Y. H., & Nie J. G. 2015, Effective flange
width of steel-concrete composite beam with partial
openings in concrete slab. Materials and Structures,
48(10), 3331-3342.

[11] Iranian National Building Code 2013, Part
5:Design and construction of steel buildings. Ministry of
Road and Urban Development, Tehran (In Persian).

[12] ABAQUS User's Manual, Version 6.13, 2013
Hibbitt, Karlson and Sorensen Inc..

[13] Carrreira D. J., & Chu K. h. 1985, Stress- strain
relationship for plain concrete in compration. ACI Stuct.
J, 82(11), 797-804.

191

e Oy pudige (Ap g5 — (el alre
Shshe olgity 30 o5 5l S 255 el 4 38
A Olale

ol B 5 S eV S e slagela-Y
s Lol o Sl e 3let g 5

2 Vs S glageld el S B oY
el beds ey Ol 5 O)lie sladde (saen
olP (GrmesV s S e slaar 5 b)) SIL
Al

S P S A WS e S it
S5 s Sl e 4 ass b oS e sle iels
A GBI s S

Slgty Si oo M S O5ge Ol (sl sm0
05 go5 o3l b gols L nl sl Oleztla e Ol s

syl b s b S e w L



Modares Civil Engineering Journal (M.C.E.J) Vol.18, No.1, April 2018
Investigation on the effective width of steel-concrete composite
girders

A. Mohebkhah®", H. Ivakpur?, A.R. Jahanpour®

1- Assistant Prof., Structural Eng. Dept., Faculty of Civil and Architectural Eng., Malayer University
2- Associate Prof., M.Sc. of Structural Engineering, Faculty of Civil and Architectural Eng., Malayer University

*amoheb@malayeru.ac.ir

Abstract:

Steel-concrete composite beams have been widely used in building and bridge construction since about a
century ago. Construction with composite system provides some advantages including: reduction in the
weight of steel (saving of 20 to 30%), increasing floor stiffness and increasing span length.In order to
analyze such composite beams using the ordinary beam theory, the concept of effective width is used instead
of their actual width. Effective width is one of the most influencing factors which plays an important role in
determining the ultimate load bearing capacity of steel-concrete composite beams. There are a number of
influencing parameters which affect the value of composite beams’ effective width including the ratio
between the half width of the slab and the beam length (S/L), the number and rigidity of the shear connectors, the
steel section yield strength and the concerte slab strength. There are numerous studies in the literature which have
been conducted on the effective width of composite 1-beams. However, the steel-concrete composite girders are
generally analyzed and designed in current practice (on the safe side) as non-composite steel girders without
taking into account the effect of concrete slab, yet. This procedure may lead to an uneconomic design. Although
such girders have been widely used in the construction of residential steel building frames, however, their
effective with has not been investigated, yet. This paper develops a three dimensional finite-element model using
ABAQUS for the elastic and inelastic nonlinear static analysis of steel-concret copmposite girders and uses it to
investigate the real effective width of concret slab in these kinds of girders under two types of loadings (a
concentrated point load and a uniform distributed load) on their moment gradient factor in different behavioral
zones. The concrete slab and steel section were modeled using the three-dimensional eight-node solid element
(C3D8). However, the reinforcements were modeled using the Truss one-dimensional elements. To simulate the
shear connectors implicitly, the concrete slab and steel girder were joined together with the Tie command
available in ABAQUS.

To achieve this end, some simply-supported with differet ratios of S/L, and symmetric/unsymmetric adjacent
concrete panels were designed first taking into account the effects of secondary perpendicular composite I-beams.
Then, considering the actual distribution curve of axial elastic compressive stress within the concrete slab in each
model and estimating the area under the curves, their effective width was calculated in different locations along
the girders lengths. Furthermore, in order to investigate the effects of concrete slab cracking and damage on the
effective width of such composite girders, some of the above mentioned girders were analyzed nonlinearly and
their effective widths were recalculated. Comparison of the calculated effective width values with the
corresponding values proposed in the Iranian National Building Codes (INBC- Part 10) showed that such
composite girders are capable of providing the effective width given in INBC. This indicates that despite the
effects of perpendicular composite I-beams as well as bi-directional action of concret slab, the investigated steel-
concrete composite girders can be analyzed and designed as common composite beams.

Keywords: Composite beam, Steel girder, Finite element method, Nonlinear analysis, Concrete slab.
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