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Abstract: Modelling and Analysis was carried out using Finite Element to study the behaviour of composite beams 

according to Euro code 4 with respect to bending, shear and deflection under varying loads, and the ultimate loadings and 

section capacities corresponding to failure modes was evaluated. In bending the section capacity was found to increase with an 

increase in both concrete and steel strength however increase in flexural resistance with increase in compressive strength is 

very small that is 3.2% 3.1% and 3.0% when the concrete strength was increase from 25 N/mm
2
 to 30, 35 and 40 N/mm

2
 

respectively, compare to the way it increase with increase in the steel strength by 27% and 21% when the strength was increase 

from 275 to 355 and 460N/mm
2
 respectively, but the ultimate flexural load capacity of the beams decreases with increase in the 

beam span for both the three steel strength. However, shear capacity of the sections remain unchanged at constant steel 

strength and varying length, but increases with increase in ultimate yield strength of the steel sections by 29%, and 67% when 

the ultimate yield strength was increase from 275 N/mm
2
 to 355 N/mm

2
 and 460 N/mm

2
 respectively, while allowable 

deflection increases with an increase in the beams span and the ultimate loadings with respect to deflection also decrease with 

increase in the beams span. 
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1. Introduction 

In building and bridges concrete slab is usually supported 

by steel beams, if the two elements are connected together 

in a manner that they acts as a unit, then the transformed 

beam is referred to as composite beam [1]. In the same vein 

[2] explain that steel beam can be more economical than 

concrete beam particularly in bridges and multi-storey car 

parks in which susceptibility of the steel to be affected by 

fire is not a problem. It was a common practice in design to 

have the steel beams carrying the whole weight of concrete 

slab and its loading until 1950s when shear connectors were 

introduced to connect the slab to the beam to have a T-beam 

action which is now in used in concrete construction in 

order to reduce excessive shear failure between the beam 

and the slab. The term Composite beam often refer to this 

type of structure and it is a member subjected to mainly 

bending [3]. 

When a concrete slab is supported by steel beams, and 

there is no provision for shear transfer between the two, the 

result is a non-composite section [4].  

Shear connectors are normally provided between the 

concrete slab and the steel beam to eliminate the longitudinal 

slip and uplifting at the elements interface and increases the 

structural strength and stiffness as well as achieving a full 

composite action [5-7].  

The studs prevent slippage and also enable shear stresses 

to be transferred between the slab and supporting beams. 
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This result is increasing both the strength and stiffness of the 

beams, thereby allowing significant reductions in 

construction depths and weights of steel beams to be 

achieved [5, 8]. 

Composite beams are similar to concrete T-beams 

whereby the flange of the T-beam is made of a concrete slab 

and the web is made of a steel section [1, 9, 10]. Full 

composite action can be achieved by welding shear studs to 

the top flange of the steel beams and embedding the studs in 

the concrete when cast as shown in figure 1 below.  

 

Figure 1. Composite beam with head stud shear connectors [7]. 

Composite beams have been increasingly applied in 

construction of buildings and bridges, in part due to 

development of large amounts of theoretical and 

experimental investigations. Also, modern design 

considerations include aesthetical, economical and 

mechanical structural requirements [11, 5]. The incorporation 

of steel-concrete composites in building construction 

provides new possibilities of balance between these 

requirements [11]. Concrete and steel has complimentary 

properties as concrete is good in compression but poor in 

tension, whiles steel is good in tension [12-13]. 

Therefore, composite beam has the advantage that 

concrete in the slab take all or most of the compression (for 

which it is best suited), while the steel beam take the 

overall tension in the system [1]. Concrete is one of the 

most applied manmade materials in engineering 

construction in the world [14] also a fundamental material 

in civil engineering construction [15-16]. The material 

parameters are taken from the appropriate Structural 

Eurocode chapters EN 1993-1-1 for steel and EN 1992-1-1 

for concrete and reinforcement [17-18]. 

1.1. Floor Systems for Steel Framed Structures 

In temporary steel framed structures such as car parks and 

Bailey bridges the floor deck can be formed from steel plates. 

In more permanent steel framed structures the floors 

generally comprise of precast, press-stressed concrete slabs, 

in-situ reinforced concrete slabs and or composite metal deck 

floors. [8]. 

1.2. Advantages of Composite Construction 

Composite construction has popularly used over twenty 

years, and has largely accounted for the dominance of steel 

frames in multi-storey buildings The main advantages of 

composite beams applications are; 

i Steel weight saving between 30 to 50% can be 

achieved compare to non-composite construction. 

ii The increased stiffness of composite beams can result 

in them being lower than non-composite beams for the 

same span; this can lead to lower storey heights and a 

reduction to cladding costs (which is significant, as 

cladding can represent up to 20% of the total building 

cost or allowing more room for mechanical services 

[6]. 

iii The steel sheeting as integral part of the structure acts 

as a safe working platform and protects the workers 

and the sheeting also, acts as permanent formwork for 

the concrete slab. 

iv Composite construction not only reduces frame 

loadings but also results in smaller and hence cheaper 

foundations [8]. 

1.3. Finite Element Analysis (FEA) 

FEA is a numerical method for solving problems in 

engineering and mathematical physics. It is useful for 

problems with complicated geometries, loadings, and 

material properties where analytical solutions cannot be 

obtained. It is used to obtain approximate solutions of 

boundary value problems which often represent a physical 

structure. It subdivides a large problem into smaller, simpler 

parts called finite elements. The finite elements are then 

assembled into larger (global) systems of equations that 

model the entire problem [18]. 

FEA have found very appreciable applications in 

numerical modelling of structures or components to be built. 

The results conform well to those obtained in actual 

laboratory tests and modelling. 

2. Methodology 

The modelling and finite element analysis of the composite 

beam was carryout using ConSteel11. The first step is 

definition of composite beam cross-section. There are two 

types available: composite beam with solid concrete slab and 

composite beam with profiled steel sheeting. The cross-section 

macros can be found among the MACRO SECTIONS. [3] 

Gives the details guide lines governing analysis and design of 

composite beam. The design involves section classification 

which can be plastic, semi-plastic or elastic. The class of the 

section determine the calculation method to be used weather 

rigid plastic or elastic theory with moment redistribution. The 

second step is determination of the effective width of the 

concrete slab that will act compositely with the steel beam [3] 

gives the various method of evaluating the effective width as 

shown in figure 2, for simply supported beams, the effective 

width beff is given in equation 1. 
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Figure 2. Equivalent spans, for effective width of concrete flange [3]. 

Finally is determination of critical sections and performing 

related checks at those points. The critical cross-section to be 

determined and analyse in composite beams includes; 

sections of maximum bending moment, supports, sections 

subjected to concentrated loads or reactions and Places where 

a sudden change of cross-section occurs, other than a change 

due to cracking of concrete. 

Criteria to be checked in composite beams for ultimate and 

serviceability limit state include; 

2.1. Ultimate Limit States 

i Moment resistance of critical cross section 

ii Resistance to vertical shear 

iii Resistance in longitudinal shear (resistance of shear 

connectors) 

 

2.2. Serviceability Limit States 

Deflections. 

2.3. Moment Resistance 

The ultimate moment capacity of the composite section is 

independent of the method of construction i.e. propped or 

unpropped. The moment capacity of a composite section 

depends upon where the plastic neutral axis falls within the 

section. Three outcomes are possible [8-9] 

1. Plastic neutral axis occurs within the concrete flange; 

2. Plastic neutral axis occurs within the steel flange; 

3. Plastic neutral axis occurs within the web 

Figure 3 shows composite beam and the three cases of 

neutral axis position and their corresponding stress 

distribution respectively. 

 

Figure 3. Figure 8 Stress distributions with respect to the three neutral axis positions [2]. 
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� � Depth of the neutral axis. 

	
 � Depth of concrete slab. 

	� � Depth of centre of steel section from top of steel 

flange. 

For equilibrium, stress in concrete must be equal to stress 

in steel. 

�
� �
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�  ����
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��

                       (2) 

If � � 	
 the neutral axis is within the concrete slab and 

taking moment about top flange, the plastic moment 

resistance will be 

���,�� � ����
��

�	�  	
 ! "
#$                   (3) 

2.4. Resistance to Vertical SHEAR 

Shear resistance of composite beam is similar to that of 

steel pure beams. The concrete slab has no effect on the shear 

resistance. 

%��,�& � ���'
√) ��

                                   (4) 

*+ �Is the shear area which is the area of the beam web. 

Figure 4 below show the shear area of I section. 

 

Figure 4. Shear area of I section. 

2.5. Resistance in Longitudinal Shear (Resistance of Shear 

Connectors) 

The longitudinal shear can be transferred from the concrete 

slab to the steel beam through the shear connectors and the 

connectors should have the capacity to resist the applied 

shear force. 

The shear capacity of headed stud as in Euro Code 4 (EC 

4) is given by Equation 3.6 below [2-3]. 

,�& � �.��-.&/
�0

�1
                                 (5) 

23 � Partial safety factor for the shear stud =1.25 

d = shank diameter of the stud 

2.6. Deflection 

The elastic properties relevant to deflection are section 

modulus and moment of inertia of the section. Applying 

appropriate modular ratio m the composite section is 

transformed into an equivalent steel section. The moment of 

inertia of uncracked section is used for calculating deflection. 

Normally unfactored loads are used for serviceability checks. 

No stress limitations are made in [3]. Deflection in composite 

beam is checked similarly to ordinary steel beam design, 

except gross uncracked moment of inertia of composite 

section is used. the allowable deflection is 

456678 � �
)9�                                  (6) 

For uniformly distributed load in simply supported beam, 

the applied deflection is; 

4 � �:;�<

)��=>?
                                   (7) 

Wq = imposed uniformly distributed load only 

E = 205C�/EE# is the elastic modulus of steel 

Ig is the gross uncracked moment of inertia of composite 

section and is given by Equation 8 below 

F� �  F5    �GHIIJKLJ�MJKN/

�O�PMGHIIJKQ                    (8) 

2.7. Loading 

Direct static loading according to Eurocode 1 (EC 1) will 

be applied in this study [18]. Therefore, the load W isl given 

by Equation 9 below. 

R � 2STU  2UVU                          (9) 

2S And 2Uare partial safety factors for actions as in [18]. 

Their values depend on the limit state to be considered, and 

on whether the action is unfavorable or favorable for (i.e. 

tends to increase or decrease) the action effect considered. 

The values used in this study are given in Table 1 below. 

TU  Is the permanent action or self-weight. 

VU  Is the variable action which depends on type and 

function of the structure. 

Table 1. Values of 2S and 2W for persistent design situations. 

Type of action Permanent Variable 

 Unfavourable Favourable unfavourable Favourable 

Ultimate limit State 1.35* 1.35* 1.5 0 

Serviceability limit state 1.0 1.0 1.0 0 

*Except when coefficient of variation is large, or for checking less of equilibrium 

2.8. Modeling 

The main material components of the model are concrete, 

steel, and shear stud. Table 2 below presents the input 

parameters of the proposed model 
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Table 2. Section properties of the model. 

S/N Material  symbol value 

1 Steel   

 Maximum tensile strength Fy 460 N/mm2 

 Poison ratio ϒus 0.2 

2 Concrete   

 Maximum compressive strength  40 N/mm2 

 Poison ratio ϒuc 0.3 

3 Studs connector   

 Maximum tensile strength Fu 460 N/mm2 

 High  100 mm 

 Diameter  19 mm 

3. Results and Discussions 

The modelling and Finite Element (FE) analysis were 

carried out to study the behaviour of the composite beams with 

respect to bending, shear and deflection under varying loads, 

and the ultimate loadings and section capacities corresponding 

to failure modes were evaluated using Consteel 11 (2017) [19]. 

A 300 X 300 X 42.2 kg IPE beam section supporting a 

concrete slab of 150 mm was used for the study. 

3.1. Models 

Using the input data as given in Table -2: runs of the 

ConSteel11 (2017) software gave the plastic shear resistances, 

plastic moment resistances and displacements in the composite 

beams. The Models is as shown in Figures 5 to 7. 

 

Figure 5. The Concrete-Steel composite beam as modelled in [6]. 

 

Figure 6. The cross-section of the model. 

Figure 7 below shows the mesh cross-section of the beam 

for finite element analysis. 

 

Figure 7. The mesh cross-section of the beam. 

The moment capacity, shear capacity as well as limiting 

deflection of the section were evaluated according to [3]. The 

beams were loaded by varying the live loads until it reaches 

its ultimate capacity with respect to the three failure modes. 

The ultimate loading and the corresponding apply moment, 

shear and deflection were evaluated. 

3.2. Shear Capacity 

From the results presented in figure 8 it was observed that 

the shear capacity of the sections remain unchanged at 

constant steel strength and varying length, and it is also 

independent on the concrete compressive strength, but 

increases with increase in ultimate yield strength of the steel 

sections by 29% and 67% when Fyp was increase from 275 

N/mm
2
 to 355 N/mm

2
 and 460 N/mm

2
 respectively as shown 

in figure 8. 

 

Figure 8. Ultimate loadings and shear capacities of the sections for varying 

span and steel strength. 

The ultimate shear loadings of the section decreases with 

increase in the beams span for both the three steel grades, 

both the rate of reduction in ultimate shear loads with 

increase in span decreases significantly between 10 to 25m 

span with 2% differences compare to 11% differences 

between 3 to 10m beams span as shown in Figure 8 above.  

The independency of the shear capacity with the concrete 

strength is as a result of the assumption that the vertical shear 

in composite beam is resisted by the steel beam shone as if is 

not composite [3]. This conformed to [2]. The high increase 

in shear capacity with an increase in steel strength was 

attributed to the fact that shear capacity of steel section is 

proportional to the steel strength [20]. 
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3.3. Bending Capacity 

It was observed from the results shown in figure 10 to12 

that the flexural resistances of the sections at constant 

cylinder compressive strength increase with increase in 

beams span from 3 to 14 m both remain constant from 14 to 

25 m for both the three steel strength 275, 355 and 460 

N/mm
2
. It was also observed an increase in flexural 

resistance with an increase in steel strength by 27 and 21% 

when the strength was increase from 275 to 355 and 

460N/mm
2
 respectively, but the ultimate flexural load 

capacity of the beams decreases with increase in the beam 

span for both the three steel strength. 

 

Figure 9. Ultimate loading and shear capacities of the sections for Fy = 

275N/mm2. 

 

Figure 10. Ultimate loading and shear capacities of the sections for grad Fy 

= 355N/mm2.  

 

Figure 11. Ultimate loading and shear capacities of the sections for Fy = 

460N/mm2. 

The increase in plastic moment resistance of the section 

between 3 to 14m was attributed to the increase in effective 

width of concrete slab at this range, in which the values was 

less than the spacing between the parallel beams. The plastic 

moment resistance of the section between 14 to 25m remain 

unchanged this is as a result of constant effective width at 

that range as is less than one-fourth of the beams span as 

recommended in [3]. 

 

Figure 12. Ultimate loadings and moment capacities against beam span for 

Fy= 460 N/mm2. at varying concrete strength. 

The same behaviour was observed at constant steel 

strength and varying compressive strength as shown in figure 

13 The only difference is increase in flexural resistance with 

increase in compressive strength is very small that is 3.2% 

3.1% and 3.0% when the concrete strength was increase 25 

N/mm
2
 to 30, 35 and 40 N/mm

2
 respectively. Compare to the 

way it increase with increase in the steel strength. 

3.4. Deflections 

From the results shown in figure 14, it was observed that 

the apply deflections does not depend on the strength of steel 

or concrete cylinder strength but depend on the spans, apply 

loads, modulus of elasticity of steel and gross moment of 

inertia of the beam in which the allowable deflection 

increases with an increase in the beams span. The ultimate 

loadings with respect to deflection also decrease with 

increase in the beams span. 

 

Figure 13. Ultimate loading and deflections of the sections. 
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4. Conclusions 

From the FEA analysis results the following conclusions 

were drawn 

1. A numerical model proposed, based on the finite 

element theory can be used to examine the mechanical 

characteristics of concrete-steel composite beams.  

2. The ultimate loading and section capacities were found 

to be affected by concrete and steel strength, position 

of the neutral axis, effective width of concrete slab and 

the depth and position of neutral axis in bending; 

influenced by web thickness, area and strength of 

structural steel in shear; and depend on the beam span, 

gross moment of inertia live loads and modulus of 

elasticity of steel in deflections.  

3. The results of the CONSTEEL11 analysis can be used 

as basis for further analysis to have a better 

interpretation and to be able to further understand the 

behaviour of the beams. 
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