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ABSTRACT 

In this paper, effective slab width for the composite beams is investigated with special emphasis 

on the effect of web openings. A three dimensional finite element analysis, by using finite 

element code ANSYS, is employed to investigate shear lag phenomenon and the resulting 

effective slab width adopted in the classical T-beam approach. According to case studies and 

comparison with limitations and rules stipulated by different standards and codes of practice it is 

found that web openings presence and panel proportion are the most critical factors affecting 

effective slab width, whereas concrete slab thickness and steel beam depth are less significant. 

The presence of web opening reduces effective slab width by about 21%. Concentrated load 

produces smaller effective slab width when compared with uniformly distributed and line loads. 

Generally, standard codes of practice overestimate effective slab width for concentrated load 

effect, while underestimate effective slab width for uniformly distributed and line load effect. 

Based on the data available, sets of empirical equations are developed to estimate the effective 

slab width in the composite beams with web openings to be used in the classical T-beam 

approach taking into account the key parameters investigated.     
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 الفولاريت الروافذ وترةفي 

 
 حيذر جابر شاكر                                                                             د.رافع محمود عباس     

 يذسس                                                                                           طانة ياجسريش

 جايعح تغذاد-كهيح انهُذسح               جايعح تغذاد                                                       -كهيح انهُذسح

 

 الخلاصت

عهى انعشض انفعال نهشفح  يٍ انفىلار وانخشساَح انًشكثح نشوافذا وذشجذى في هزا انثحث اجشاء دساسح ذاثيش وجىد انفرحاخ في  

, نهرحقق يٍ ANSYSتشَايج انرحهيم انجاهز اسرعًال , تطشيقح انعُاصش انًحذدجتانخشساَيح. ذى عًم ًَارج ثلاثيح الاتعاد 

 ويحذداخ وانعشض انفعال نهشفح انخشساَيح انُاذج عُها. تيُد َرائج هزِ انذساسح وانًقاسَح يع يرطهثاخ صظاهشج ذخهف انق

اهى انعىايم انفىلاريح وَسثح اتعاد انثلاطح انخشساَيح هي  وذشج انشوافذانًشاجع وانًذوَاخ انقياسيح اٌ ذاثيش وجىد فرحاخ في 

. اٌ وجىد عًق انشافذج انفىلاريحقم يؤثش سًك انثلاطح انخشساَيح ووتذسجح ا انًؤثشج عهى انعشض انفعال نهشفح انخشساَيح

% واٌ انعشض انفعال نهشفح انخشساَيح تسثة الاحًال 12انفىلاريح يقهم انعشض انفعال تًقذاس  وذشج انشوافذفرحاخ في 

الاحًال انًُرظًح او الاحًال انخطيح. وتشكم عاو, فاٌ انًذوَاخ انقياسيح ذثانغ في ذقذيش انعشض  انًشكزج هى اقم يًا في حانح

الاحًال انًشكزج وذقهم يٍ ذقذيشِ في حانح الاحًال انًُرظًح او الاحًال انخطيح. واسرُادا انى انثياَاخ  انُاذج عٍانفعال 
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ى عهى احرساب انعشض انفعال نهثلاطح في انعرثاخ انًشكثح راخ انًرىفشج ذى اقرشاح علاقاخ سياظيح يثسطح ذساعذ انًصً

 دساسرها. دانفرحاخ تصىسج يثاششج يٍ خلال تعط انًرغيشاخ انري ذً

 

 ، ذحهيم انعُاصش انًحذدجوذشج انشوافذ، فرحاخ في انعرثاخ انًشكثح، ذخهف انقص، عشض انسقف انفعال: الرئيسيتكلماث 

   

1. INTRODUCTION 

A typical form of composite construction, such as a floor within a building or a bridge deck, 

consists of a slab connected to a number of parallel beams. It is valid in principle to divide the 

system into a series of T-beams, the slab width obtained from such a simple division may not be 

fully effective in resisting the compressive forces from bending. The transmission of shear from the 

connectors on top flange of the steel beam to the slab becomes less effective as the beam spacing 

increase. Higher shear is induced near the beam, but falls off towards the center line between two 

beams. Under the action of the axial compression and eccentric edge shear flows, the flange distorts 

and does not compress as assumed in simple beam theory with plane sections remaining plane. The 

amount of distortion depends on both the shape of the flange in plane and on the distribution of 

shear flow along its edge. A narrow flange distorts little and its behavior approximates what is 

assumed in simple beam theory. In contrast, the wide flanges distort seriously because the 

compression induced by the edge shears does not flow very far from the loaded edge, and much of 

each wide flange is ineffective. The decrease in flange compression away from the loaded edge due 

to shear distortion is called shear lag. 

The longitudinal compressive stresses at top of the slab have a non-uniform distribution, as shown 

in Fig.1. In order that the T-beam approach can be used, a reduced value of the width of the slab, 

termed effective width, is therefore used in design and analysis. It is defined as that width of slab 

that, when acted on uniformly by the actual maximum stress, would have the same static 

equilibrium effects as the existing variable stress. The effective width is affected by various factors 

such as the type of loading, the boundary conditions at the supports, and the ratio of beam spacing 

to span. 

Eq. (1) is generally used to calculate the effective slab width in composite beams , Heins, 1976. 

  

    ̅̅ ̅= 
 ∫      

 

 

(  )   
                                                                                                                                   (1) 

  

Where (  ̅) is the effective width of the concrete slab, (b) is a half slab width, (  ) represents the 

normal stress in the longitudinal direction in the slab at top surface, and (  )   is the maximum 

normal stress between 0 ≤ x ≤ b. 

 

2. BACKGROUND 

In 2003, Fragiacomo, and Amadio performed experimental tests for the evaluation of the 

effective width for elastic and plastic analysis of steel-concrete composite beams with both cases of 

sagging and hogging bending moments. It was shown that for all specimens the effective width 

increases with the load, approaching the width of whole slab near the collapse. In zones of sagging 

bending moment, because of the limited ductility and brittle rupture of concrete, it was suggested to 

keep the conservative equation proposed by the Eurocode-4 for evaluating the quantity of the 

effective slab width to (lo/8). In the zones of hogging bending moment, because of the high ductility 

of the reinforcing bars, a less conservative solution was proposed to (lo/4), where (lo) is the distance 

between the points of zero bending moment.  
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Chiewanichakorn, 2004, introduced an effective slab width definition through a three-dimensional 

non-linear finite element analysis employed to evaluate and determine the actual effective slab 

width of steel-composite bridge girders. The resulting effective width was larger than the ones 

provided by many design specifications, both nationally and internationally. The revised effective 

slab width criteria based on the proposed effective slab width definition was compared with other 

design specifications, specifically AASHTO LRFD, British, Canadian, Japanese, and Eurocode-4 

design specifications. 

Chun, and Cai, 2008, investigated the shear-lag phenomenon in steel-concrete composite floor 

model in both elastic and inelastic stages through experimental study. The model consisted of three 

identical longitudinal girders and two transverse girders at the ends of the longitudinal girders. Each 

of the three longitudinal girders was subjected to sagging moments through four-point loads. The 

tested beams were analyzed by finite element method through ANSYS program. It was found that 

the effective slab width at the ultimate strength is larger than that at the serviceability stage. The 

ratio of slab width to span length and loading types has significant influence on the degree of shear 

lag. The shear-lag effect is more obvious under one-point load than other loading types. Salama 

and Nassif, 2011, presented results from an experimental and analytical investigation to determine 

the effective slab width in steel-concrete composite beams. Beam test specimens had variable flange 

widths, steel beam sizes and various degrees of composite action. It was observed that the increase 

of the aspect ratio from 0.25 to 0.75 decreases the effective width ratio about 15%. Also it was 

observed that the stress distribution for the beams does not change as the depth of steel beams 

increases. 

 

3. EFFECTIVE WIDTH IN CODE OF PRACTICE 

The effective width can be thought of as the width of theoretical flange, which carries a 

compression force with uniform stress of magnitude equal to the peak stress at the edge of the 

prototype wide flange when carrying the same total compression force. The effective width concept 

has been widely recognized and implemented into different codes of practice around the world. The 

formulas used by various codes are shown in Table 1. 

 

4. OBJECTIVE 

The aim of this study is to investigate the behavior of the effective slab width and stress 

distribution (shear lag) on the composite beams with web openings subjected to static load. The 

composite beams are consisting of a concrete slab connected together with a steel beam by means of 

headed stud shear connector. The openings are made in the steel section. Three-dimensional finite 

element model by ANSYS 11.0 program is used for simulating the behavior of composite steel-

concrete members within linear elastic range of the behavior of composite beam. The composite 

beams are analyzed by considering linear behavior of steel beam, concrete slab, shear connectors, 

and slab reinforcement. 

 

5. VERIFICATION OF THE FINITE ELEMENT IDEALIZATION 

The validity and accuracy of the finite element idealization are studied and checked by 

analyzing Steel-concrete composite beams that have been experimentally tested by Hamoodi and 

Hadi, 2011. Six composite beams of steel I-section and concrete slab connected together by headed 

shear studs welded to the top flange of the steel section are tested. Each one has an overall length of 

2.1m and a clear span of 2.0m and subjected to a concentrated load at mid span. The dimensions 

and reinforcement details of a typical beam section are shown in Fig.2 
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In the present section, two types of composite beam are chosen, one solid beam without web 

opening designated as beam (CB0), and beam (CB3) with two web openings. The solid beam (CB0) 

is chosen to demonstrate the behavior of a typical composite beam and to represent a reference 

beam when web openings are introduced. The second beam (CB3) is chosen to demonstrate the 

behavior of composite beam when constructed with openings in the web and to verify finite element 

idealization with experimental one when openings are present in the web of the steel beam. The 

configurations of the six tested beams by Hamoodi and Hadi, 2011 are shown in Fig.3. 

 

5.1 Finite Element Modeling and Material Properties 

The steel-concrete composite beams are modeled by a three-dimensional eight-node solid element 

(SOLID 45) is used for the concrete slab, while the steel reinforcement bar is modeled by a spar 

element (LINK 8). In the modeling of the steel beam; a four-node shell element (SHELL63) is used. 

A spar element (LINK8) is used to model shear connector to resist uplift, while the dowel action of 

shear connector is modeled by combine element (COMBIN14). In the modeling of the interface 

between two surfaces a contact element (CONTA174) and target element (TARGE170) are used. 

Material properties of the two beams are summarized in Table 2. The boundary conditions of these 

beams are applied to roller and hinged support as shown in Figs.4 and 5. The external force is 

(80kN) modeled as point loads distributed across the concrete slab that is located over the steel 

section at mid-span. 

 

5.2 Verification of the Results  

A comparison between the numerical and the experimental results has been made to verify the 

accuracy of the numerical models obtained using linear finite element analysis carried out on beams 

CB0 and CB3. Tables 3 and 4 show the comparison between experimental and analytical 

deflection, while experimental and analytical load-deflection curves are shown in Figs.6 and 7. 

From the comparison presented it can be concluded that the adopted finite element idealization and 

the resulting numerical beam model are adequate and yield results which are accurate and in close 

agreement with experimental one.  

 

6. PARAMETRIC STUDY  

Several important parameters affecting the stress distribution in the concrete slab, and hence the 

effective slab width for the composite beams with web openings, are investigated using the 

presently verified FE model. One parameter has been considered to vary while the other parameters 

being held constant in order to separate the effect of the parameter considered. The simply 

supported composite beams tested by Hamoodi and Hadi, 2011, have been selected to carry out 

the parametric study. The parameters, which have been studied, can be summarized as follows:  

1. Effect of openings location, size and number. 

2. Effect of beam slab width to span length ratio (2b/L ratio).  

3. Effect of concrete slab thickness. 

4. Effect of boundary conditions at the edges of the concrete slab. 

5. Effect of steel beam depth. 

In this work, three types of loading are investigated: 

 Concentrated Load (CL) at mid span (80 kN). 

 Line Load (LL) on the longitudinal web axis (40 kN/m). 

 Uniform Distributed Load (UDL) on over all slab equivalents to (80 kN). 
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6.1 Effect of Openings Location, Size and Number 

In this section, a comparison is presented between results of beam CB0, a composite beam without 

web openings, and results of beams CB1 and CB2, composite beams with single central and quarter 

span opening, respectively, in order to investigate the effect of openings location. Results presented 

in Fig.8 shows that introducing a central opening causes an increase by about 26.60% in the slab 

longitudinal stresses at mid-span section due to CL, while an increase by about 18.8% is observed 

when a single web opening is introduced at quarter-span section. On the other hand, Fig.9 indicates 

that introducing a central web opening causes a maximum decrease of about 21% in the effective 

slab width at mid-span section, while a maximum decrease of about 18% due to the presence of a 

single quarter-span section is observed. 

The effect of increasing the number of web openings is presented through a comparison between 

results of beam CB3, a beam with two openings, and results of beam CB4, a beam with three 

openings. Results presented in Fig.10 shows that increasing the number of openings from two to 

three causes a maximum increase in the mid-span section longitudinal slab stresses of about 19% 

due to CL loading, whereas a maximum decrease in the effective slab width of about 6% at mid-

span section is observed when comparing results in Fig.11 due to increasing number of web 

openings. 

The effect of size of web openings is shown in comparison between results of beam CB4, a beam 

with (100mm) opening depth and (200mm) width, and results of beam CB5, a beam with (80mm) 

opening depth and (100mm) width. Results presented in Fig.12 shows that decreasing the web 

opening size causes a decrease of about 10% in the slab longitudinal stresses at mid span section 

due to CL loading. On the other hand, a minor effect for the web opening size on the effective slab 

width near mid span can be concluded when comparing results presented in Table 6 for beams CB4 

and CB5 for the three types of loadings. The summary on the effect of openings location, size and 

number on the effective width ratio at mid-span for the six beams and for the three types of loadings 

is listed in Table 5. Comparison of the effective slab width with design specifications is shown in 

Table 6. 
 

6.2 Effect of Beam Slab Width to Span Length Ratio (2b/L ratio)    

The effect of panel proportion on the effective slab width at mid-span for beams CB3 and CB4 for 

the three types of loading is listed in Table 7. Comparison of the effective slab width with design 

specifications is shown in Table 8. It can be seen that the maximum effect for uniformly distributed 

load situation occurs when the panel proportion increases from (0.25) to (0.50) the maximum slab 

top surface stress decreases by 33%, and 27% for beams CB3 and CB4 as shown in Figs. 13 and 14 

, respectively. The maximum effect of panel proportion on effective slab width occurs under 

concentrated load and line load situations for beams CB3 and CB4, respectively. When the panel 

proportion increases from (0.25) to (0.50) the effective slab width decreases by 11.30% and 10% for 

beams CB3 and CB4, respectively as shown in Figs. 15 and 16. 

 

6.3 Effect of Concrete Slab Thickness 

The effect of varying slab thickness on the effective slab width at mid-span for beams CB3 and 

CB4 for the three types of loading is listed in Table 9. Comparison of the effective slab width with 

design specifications for the three values of the slab thickness is shown in Table 10. From the 

obtained results it can be seen that the maximum effect occurs under concentrated load situation. 

When the slab thickness increases from (60mm) to (120mm), the maximum slab top surface stress 

decreases by 31%, and 40% for beams CB3 and CB4, respectively as shown in Figs. 17 and 18, 

whereas the maximum effect of varying slab thickness on the effective slab width occurs under line 
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load and concentrated load situations for beams CB3 and CB4, respectively. When the slab 

thickness increases from (60mm) to (120mm), the effective slab width decreases by 10.40% and 

increases by 4.50% for beams CB3 and CB4, respectively as shown in Figs.19 and 20. 

 

6.4 Effect of Boundary Conditions at the Edges of the Concrete Slab 

The aim of this section is to investigate the effect of concrete slab continuity along longitudinal and 

transverse edges as in actual floor and roof systems on the effective slab width and stress 

distribution in the slab due to different types of loading and panel proportions. The proposed 

modeling for slab continuity in the finite element model is simulated by artificial boundary 

conditions applied along slab edges by providing vertical rollers along these edges and across 

concrete slab depth as shown in Fig. 21. 

The results of the effect of slab boundary condition with three values of panel proportions on the 

effective slab width at mid-span for beams CB3 and CB4 due to three types of loading are listed in 

Table 11. Comparison of the effective slab width with design specification is shown in Table 12. 

From the obtained results, it can be seen that the maximum effect for uniformly distributed load 

situation occurs when the panel proportions increase from (0.25) to (0.50), the maximum slab top 

surface stress decreases by 30%, and 25% for beams CB3 and CB4, respectively as shown in Figs. 

22 and 23. The maximum effect of panel proportion on the effective slab width under concentrated 

load situation occurs when the panel proportions increase from (0.25) to (0.50), the effective slab 

width decreases by 11% and 21% for beams CB3 and CB4, respectively as shown in Figs. 24 and 

25. The results also show a comparison between continuous and discontinuous slabs. Applying the 

boundary condition to the edge of slab makes an increase in slab top surface stress about 3% and 

4% for beams CB3 and CB4, respectively under the uniformly distributed load situation for panel 

proportion (0.50) and has a minor effect on concentrated load and line load situations. The 

maximum effect on effective slab width occurs under line load and uniform distributed load for 

beams CB3 and CB4, respectively. Applying the boundary condition increases the effective slab 

width by about 7% for beam CB3 with panel proportion of (0.25) and by 2% for beam CB4 with 

panel proportion (0.50). 

 

6.5 Effect of Steel Beam Depth  

The effect of varying steel beam depth on the effective slab width at mid-span for beams CB3 and 

CB4 for the three types of loading is listed in Table 13. Comparison of the effective slab width with 

design specifications is shown in Table 14. From the obtained results, it can be seen that the 

maximum effect under the uniformly distributed load situation occurs when the steel beam depth 

increases from (160mm) to (240mm), the maximum slab top surface stress decreases by 42% for 

both beams CB3 and CB4 as shown in Figs. 26 and 27. The maximum effect of varying steel beam 

depth on the effective slab width under concentrated load situation for both beams CB3 and CB4 

occurs when the steel beam depth increases from (160mm) to (240mm), the effective slab width 

decreases by 13% and 11% for beams CB3 and CB4, respectively as shown in Figs. 28 and 29. 

 

7. PROPOSED EFFECTIVE SLAB WIDTH EQUATIONS 

The current parametric study provides a database for the effective slab width for composite 

steel-concrete beams with web openings. This database can be used to develop expressions for the 

effective slab width. The results presented previously show that web openings location and type of 

loading on the beam are the most critical factors affecting effective slab width values. Uniformly 

distributed load and line load generally yields close values for the effective slab width. Therefore, it 

is suggested to treat both loading type in a uniform manner such that single equation based on 
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uniform load data is adopted. Accordingly, it is intended to provide two sets of equations, one for 

the case when central span web opening exists and the other for the case of quarter span opening. 

Moreover, each set consists of two equations, one for effective slab width due to concentrated load 

effect and the other due to uniform distributed load effect.  

Proposed equations include the three major parameters that affect effective slab width (  ̅), which 

are panel width to span length ratio (2b/L ratio), slab thickness (tslab) and steel beam depth (hsteel) as 

shown below: 

 Quarter-span openings  

1. Concentrated Load :  

 

        ̅ = 177.4 + 978.2 (2b/L) – 0.15 (tslab) – 0.63 (hsteel)                                                            (2) 

 

2. Uniformly Distributed and Line Loads: 

 

        ̅ = -13.9 + 1864.4(2b/L) – 0.24(tslab) – 0.023(hsteel)                                                            (3) 

 

 Mid-span openings  

3. Concentrated Load: 

 

         ̅ = 106.2 + 964.9(2b/L) + 0.22 (tslab) – 0.44(hsteel)                                                             (4) 

 

4. Uniformly Distributed and Line Loads : 

 

        ̅ = 40.8 + 1643.3(2b/L) + 0.29 (tslab) – 0.11(hsteel)                                                             (5) 

 

In these equations, L is span length (mm), b half slab width (mm), tslab is concrete slab thickness 

(mm) and hsteel is steel beam depth (mm). 

Finally, it is proposed to present another set of equations that correlate effective slab width with the 

most critical factor obtained from the parametric study, i.e., panel aspect ratio (2b/L). These 

equations take into account implicitly the effect of web opening presence while ignoring concrete 

slab thickness and steel beam depth. This set of equations is intended to be more simplified than the 

previously presented equations and more convenient to be used by design authorities and building 

codes.  

Considering that; (S=2b) as in the design codes and panel aspect ratio β= (2b/L), then the effective 

slab width equations: 

1. Due to Concentrated Load: 

 

            ̅   (        )                                                                                                        (6)  
                                           

2. Due to Uniformly Distributed and Line Loads: 
 

           ̅   (        )                                                                                                         (7)  

  

These equations take into account the effect of span length (L) and spacing of the beams (S) as 

stipulated by various codes presented in Table 1. 
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8. VERIFYING PROPOSED EQUATION RESULTS  

To verify the validity of the proposed equations, comparison was made between the results obtained 

from the developed equations and the results from the current finite element analysis. Figs.30-35 

show plots of the comparison of the effective slab width (  ̅) obtained from the finite element 

analysis and those obtained from Eqs. (2), (3), (4), and (5) for the three types of loading.  Figs.36 

and 47 show plots of the comparison of the effective slab width (  ̅) obtained from the finite 

element analysis and those obtained from the simplified Eqs. (6) and (7). It can be observed that the 

proposed equations have good agreement with the finite element results which indicates that the 

proposed equations have good correlation with numerical result. 

 

9. CONCLUSIONS 

An extensive study is carried out on the behavior of composite steel-concrete beams in which the 

upper flange of the steel beam is attached to reinforced concrete slab. Stress distribution and 

effective slab width for the composite beams are investigated with special emphasis on composite 

beams with openings in the steel web. The finite element analysis has been used to investigate shear 

lag phenomenon and the resulting effective slab width adopted in the classical T-beam approach. 

Comparison is made with available limitation and regulations stipulated by different codes of 

practice. According to the case studies and comparison presented in this study, the following 

conclusions are drawn: 

  

1. The results presented show that the effective slab width strongly depends on the type of loading 

with the minimum values obtained due to concentrated load, while uniformly distributed load 

and line load generally yield similar values approaching full slab width. 

2. For the different types of loading considered, effective slab width depends on the position 

along the span of the beam. Effective slab width is reduced to minimum values near mid span, 

support and opening locations, while it tends to reach full slab width elsewhere. 

3. Introducing central span web opening causes a maximum decrease in the effective slab width of 

about 21%, whereas a maximum decrease of about 18% is observed due to presence of quarter 

span web opening. 

4. Increasing the number of web openings has a minor effect on the effective slab width with a 

maximum decrease of 6% at mid span section observed when the number of openings is 

increased from two to three. 

5. Varying standard web opening size has negligible effect on the effective slab width. 

6. Increasing steel beam depth to twice values causes a decrease in the effective slab width of 

about 11% to 13% for different web opening configurations. Almost the same effect is 

observed when concrete slab thickness is increased twice. 

7. Results indicate that the standard codes of practice, and hence the T-beam theory, generally 

overestimate the effective slab width due to concentrated loads especially for small values of 

panel proportions, i.e., 2b/L=0.25. On the other hand, close agreement is observed for higher 

panel aspect ratios. 

8. Uniformly distributed load and line load results reveal that the standard codes of practice and  

the T-beam theory underestimate the effective slab width especially for high values of panel 

proportion, i.e., 2b/L=0.50. On the other hand, close agreement is observed for smaller panel 

aspect ratios. 

9. Sets of empirical expressions to estimate effective slab width are developed. These equations 

can be used to estimate effective slab width for different types of loading, web opening 

locations, panel proportion, concrete slab thickness and steel beam depth. 



Journal of Engineering Volume   21  March  2015 Number 3 
 

 

19 

 

       REFRERENCES 

 

 ANSYS 11.0 Inc., 2002, ANSYS Manual, Version 11.0, U.S.A. 

 

 American Concrete Institute, 2008, Building Code Requirements for Structural Concrete, 

ACI-318M-08, Detroit, Michigan, USA. 

 

 AASHTO-LRFD, 2004, Bridge Design Specification, American Association of State 

Highway and Transportation Officials (AASHTO), Third Edition, Washington D.C. 

 

 AISE, 1986, Load Resistance Factor Design (LRFD), Manual of Steel Construction, First 

Edition, American Institute of Steel Construction, pp.1124. 

 

 BSI, 1997, Structure Use of Concrete, Part 1: Code of Practice for Design and 

Construction, BSI8110, British Standard Institution, London. 

 

 Chiewanichakorn, M., and Chen, S. S., 2004, Effective Flange Width Definition for Steel-

Concrete Composite Bridge Girder, Journal of Structure Engineering, ASCE, Vol.130, No. 

12, pp.2016-2031. 

 

 Chun-Yu Tian, and Cai, C. S., 2008, Effective Width of Steel-Concrete Composite Beam at 

Ultimate Strength State, Journal of Engineering Structure, Vol.30, pp.1396-1407.  

 

 Fragiacomo, M. and Amadio, C., 2003, Experimental Evaluation of Effective Width in Steel-

Concrete Composite Beams, Journal of Construction Steel Research, Vol.60, pp.199-220. 

 

 Heins, C. P. and Fan, H. M., 1976, Effective Composite Beam Width at Ultimate Load, 

Journal of the Structure Division, Proceedings of the ASCE, Vol.102, pp. 2163-2179. 

 

 Hamoodi, M. J., and Hadi, W. K., 2011, Tests of Composite Beams with Web Openings, 

Engineering and Technology Journal, Vol.29, No.10, pp.2073-2086, Iraq. 

 

 Salama, T. and Nassif, H., 2011, Effective Flange Width for Composite Steel Beams, Journal 

of Engineering Research, Vol.8, No.1, pp.28-43. 

 

 

 

 

 

 

 

 

 

 



Journal of Engineering Volume   21  March  2015 Number 3 
 

 

20 

 

Table 1. Effective slab width formulas in various codes.

Code Formula 

AASHTO 

b2  is least of: 

1. L/4 

2. s 

3. 12hc 

ACI 

b2   (interior girder) is least of: 

1. L/4 

2. s 

3.bw + 16hc 

b2  (exterior girder) is least of: 

1. L/12+bw 

2. 6hc+bw 

3. s/2+bw 

AISC 

b2  is the least of: 

1. L/4 

2. s  

3. 2be 

BSI 8110 

b2  is least of: 

1. L/5+bw 

2. s  

Where: 

(L) span length, (s) spacing of beams, (hc) concrete slab thickness, (bw) width of web for reinforced 

concrete T-beams, (be) distance from beam center to the free edge of the slab. 

 

 

Table 2. Material properties used for composite steel-concrete beam verification study, Hamoodi 

and Hadi, 2011. 

 
                   



Journal of Engineering Volume   21  March  2015 Number 3 
 

 

21 

 

Table 3. Comparison between experimental and numerical results of beam CB0. 

 
 

Table 4. Comparison between experimental and numerical results of beam CB3. 

 
 

Table 5. Effective slab width ratio. 

 
 

 

 

 

 

 

 

 

 

Table 6. Comparison of effective slab width at mid-span with design specifications. 

Effective Slab Width Ratio 
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Table 7. Effect of panel proportioning on the effective slab width. 

 
(*) Panel proportion = 2b/L, L = 2000mm 

 

Panel
 (*)

 

Proportion
 

Effective Slab Width Ratio 
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Table 8. Comparison of effective slab width at mid-span with design specifications.

 
(*) Panel proportion = 2b/L, L = 2000mm 

 

 

Table 9. Effect of varying slab thickness on the effective slab width ratio. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Panel
 (*)

 

Proportion
 

Effective Slab Width Ratio 
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Table 10. Comparison of effective slab width with design specifications for different 

values of slab thickness. 

 
 

 

Table 11. Effect of slab boundary conditions on the effective width ratio. 

 
 

 

 

 

 

 

 

 

 

 

Effective Slab Width Ratio 
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Table 12. Comparison of effective slab width at mid-span with design specifications. 

 
 

 

Table 13. Effect of steel beam depth on the effective slab width. 

 
 

 

 

 

 

 

 

 

 

 

Effective Slab Width Ratio 



Journal of Engineering Volume   21  March  2015 Number 3 
 

 

26 

 

Table 14. Comparison of effective slab width with design specifications for different 

values of steel beam depth. 

 
 

 
Figure 1. Shear lag effect. 

 

 
 

(a) Typical dimensions of a composite beam.  

2b  �̅� 
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(b) Section A-A. 

Figure 2. Typical cross section of the composite beam, Hamoodi and Hadi, 2011. 

 

 
Figure 3. Configurations and locations of web openings, Hamoodi and Hadi, 2011. 

200 mm 

100 mm 

100 mm 

200 mm 

200 mm 

100 mm 

8mm shank, 45mm height 
headed stud @ 150mm c/c 

(Table 2) 
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Figure 4. Three-Dimensional finite element mesh 

for the composite beam CB0. 

 

 

Figure 6. Experimental and numerical load- deflection 

curve for beam CB0. 

 

 

Figure 8. Slab stress distributions of beams CB0, CB1 

and CB2 due to (CL) loading. 

 

 

 
Figure 5. Three-dimensional finite element mesh for 

composite beam CB3. 

 

 

Figure 7. Experimental and numerical load-

deflection curve for beam CB3. 

 

Figure 9. Effective slab width of beams CB0, CB1, 

and CB2 due to (CL) loading. 
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Figure 10. Slab stress distribution at mid-span of 

CB3 and CB4 beams due to (CL) loading. 

 

Figure 12. Slab stress distribution at mid-Span of 

CB4 and CB5 Beams Due to (CL) Loading. 

 

Figure 14. Slab stress distribution of CB4 for 

various panel proportions due to (UDL) loading. 

 

 

 

Figure 11. Effective slab width of beams CB3 and 

CB4 due to (CL) loading. 

 

Figure 13. Slab stress distribution of CB3 for various 

panel proportions due to (UDL) loading. 

 
Figure 15. Effective slab width for CB3 for various 

panel proportions due to (UDL) loading. 
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Figure 16. Effective slab width for CB4 for 

various panel proportions due to (UDL) loading. 

 

Figure 18. Slab stress distribution of CB4 for 

various slab thicknesses due to (CL) loading. 

 

Figure 20. Effective slab width for CB4 for 

various slab thicknesses due to (CL) loading. 

 

Figure 17. Slab stress distribution of CB3 

for various slab thicknesses due to (CL) 

loading. 

 

Figure 19. Effective slab width for CB3 for 

various slab thicknesses due to (LL) loading. 

 
Figure 21. Boundary conditions modeling 

adopted to simulate concrete slab continuity. 
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Figure 22. Slab stress distribution for CB3 for 

discontinuous slab (marked line) and continuous 

slab (unmarked line) due to (UDL) loading. 

 

Figure 24. Slab stress distribution for CB3 for 

discontinuous slab (marked line) and continuous 

slab (unmarked line) due to (CL) Loading. 

 

Figure 26. Slab stress distribution of beam CB3 for 

various steel beam depths due to (UDL) loading. 

 

 

Figure 23. Slab stress distribution for CB4 for 

discontinuous slab (marked line) and continuous 

slab (unmarked line) due to (UDL) loading. 

 

Figure 25. Slab stress distribution for CB4 for 

discontinuous slab (marked line) and continuous 

slab (unmarked line) due to (CL) Loading. 

 

Figure 27. Slab stress distribution of beam CB4 for 

various steel beam depths due to (UDL) loading. 
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Figure 28. Effective slab width for CB3 for 

various steel beam depths due to (CL) loading. 

 

Figure 30. Effective slab width obtained from 

FEA and proposed equation (2) for beam CB3 

due to concentrated load. 

 

Figure 32. Effective slab width obtained from 

FEA and proposed equation (3) for beam CB3 

due to uniformly distributed load. 

 

 

 

Figure 29. Effective slab width for CB4 for 

various steel beam depths due to (CL) loading. 

 

Figure 31. Effective slab width obtained from 

FEA and proposed equation (3) for beam CB3 

due to concentrated load. 

 

Figure 33. Effective slab width obtained from 

FEA and proposed equation (4) for beam CB4 

due to uniformly distributed load. 
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Figure 34. Effective slab width obtained from 

FEA and proposed equation (5) for beam CB4 due 

to line load. 

 

 

Figure 36. Effective slab width obtained from 

FEA and simplified equation (6) for beam CB4 

due to concentrated load. 

 

 

 

 

 

Figure 35. Effective slab width obtained from 

FEA and proposed equation (5) for beam CB4 due 

to uniformly distributed load. 

 

 

Figure 37. Effective slab width obtained from 

FEA and simplified equation (7) for beam CB4 due 

to uniformly distributed load. 
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