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Abstract: 

This research present probabilistic assessment of composite steel beam in accordance with EURO CODE 4, the assessment was 

based on the first order reliab ility method (FORM) using a reliability software FORM 5. The composite steel beam was subjected 

to four limit state conditions which are bending, shear, deflection, and shear connection (modes of failure). The basic desig n 

variables were divided into two major parts: the cross-sectional resistance and the loading which were treated as random 

variables. In this analysis, the sensitivity analysis shows that the safety index (β -value) was affected by yield strength, section 

modulus, depth between the fillet, web thickness, span of the beam, second moment of area, ult imate tensile strength of the stud, 

and the diameter of the stud. It was noted from the result that the bending, shear, and the shear connection were safe for th e failure 

modes, while the deflection was at the critical condition for the mode of failures.  
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I. INTRODUCTION 

In conventional composite construction, concrete slabs rest 

over steel beams and are supported by them. Under load 

these two components act independently and a relative slip 

occurs at the interface if there is no good connection between 

them. W ith the help of a deliberate and appropriate 

connection provided between the beam and the concrete slab, 

the slip between them can be eliminated. In this case the steel 

beam and the slab act as a “composite beam” and their action 

is similar to that of a monolithic Tee beam [1]. This 

composite behavior is obtained by providing shear 

connectors at the interface between the steel beam and the 

concrete slab. These shear connectors resist the horizontal 

shear at the interface and prevent slippage between the beam 

and slab. The shear connector is in form of steel studs welded 

to the top flange of the beam and embedded in the concrete 

slab. The steel beam will usually be a universal beam section 

[2].  The profound changes in civil engineering over the last 

few decades were reflected by ideas of uncertainty 

recognized in civil engineering today. The recent 

advancement in statistical modeling has provided civil 

engineering designers with an increased power of making 

decisions under different degrees of uncertainty [3]. In fact 

engineering design decisions are always surrounded by 

uncertainties from the random nature of loading and 

structural resistance as well as from the load and resistance 

prediction models. The effect of such uncertainties is 

included in design through the use of safety factors that are 

based on engineering judgment and previous experience with 

similar structure. Due to the fact that safety involves a 

consideration of random variables and the realization of the 

limitat ions in design by the deterministic method, it is now 

generally accepted that the rational approach to the analysis 

of safety is through the use of probabilistic models [4].  The 

aim of this research is to carry out a Reliab ility analysis of 

composite steel beam in accordance with Eurocode 4 [5]. 

 

 

 

II. FIRST ORDER RELIABILITY PROCEDURE 

 

Reliab ility design is concerned with the probability that a 

structure will realize the functions assigned to it. The first 

order reliab ility method (FORM) that is employed in this 

work is considered to be one of the most reliable 

computational methods for structural reliability [6].  The 

basic idea behind reliability-based structural design is to 

design a structural member satisfying several performance 

criteria and considering the uncertainties in the relevant load- 

and resistance related random variables, called the basic 

variables [7]. If R is the strength capacity and S the loading 

effect(s) of a structural system which are random variables, 

the main objective of reliab ility analysis of any system or 

component is to ensure that R is never exceeded by S. In 

practice, R and S are usually functions of different basic 

variables [8].  [9]  in their state of the art report stated that to 

assess the reliability of a structure, a limit state function g 

depending on load effects is defined as follows: 

 g(S) > 0 defines the safe state of the structure. 

 g(S) < 0 defines the failure state. In a reliability 

context, it does not necessarily mean the breakdown of the 

structure, but the fact that certain requirements of 

serviceability or safety limit states have been reached or 

exceeded. 

 The values of S satisfying g(S) = 0 define the limit  

state surface of the structure. 

 

In first order reliab ility method (FORM), the safety index, β, 

is often used to represent the reliability level. When g(S) has 

a normal distribution, β has a one-to-one correspondence 

with the structural reliability, [10] then, the safety index can 

be calculated as: 

 

       (1) 
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When, g(R,Q) < 0, this represents failure of structure or 

unsafe performance, therefore, the probability of failure can 

be expressed as: 

 

                       (2) 

Under the assumption of considering the limit state function 

as normally distributed and the random variab les are 

uncorrelated, the reliability index, related to probability of 

failure, can be g iven as: 

    (3) 

Where, Φ is the standard normal distribution function.  

 

III. METHODS 

Design of composite beams in limit state involves 

consideration of the following mode of failures:  

i. Bending moment capacity 

ii. Shear capacity 

iii. Deflection 

iv. Shear connection capacity 

Based on this, limit state equations that are in conformity 

with Eurocode 4 [5] were developed to cater for these 

conditions. A computer program for calculating the 

reliability indices of the composite steel beams using the 

limit state equations was developed and run using a 

reliability software FORM5 [11]. 

 

3.1 Limit State Equations 

 

i. Bending Moment Capacity: 

The limit state equation to cater for the bending resistance of 

the steel beam is given as: 

 (4) 

Where  

      
     

In which, 

Wpl,y is the plastic section modulus 

MEd is the ultimate design moment  

*fy is the design strength of the steel material 

 is the load ratio  

Gk is the dead load 

Qk is the live load 

l is the span of the composite beam 

 

ii. Shear Capacity  

 The limit state equation for the performance 

function for shear is given by 

 
                                                                            (5) 

Where:  

 = depth between fillet 

 = web thickness  

 

iii. Deflection 

             (6) 

Where 

 Dead-live load ratio at construction 

 dead-live load ratio at service  

 

 Flexural rig idity 

Itrans is the second moment of area of the composite 

Qksev is the quasi-permanent variable load  

 

IV. Shear Connection  

Therefore, the performance function will be generated as: 

 
      (7)     

Where,                    

 is the diameter of the shank of the stud, between 16mm 

and 25mm 

 is the ultimate tensile strength of the stud 

 

V. ANALYS IS AND DIS CUSSION OF THE 

RES ULTS  

4.1 Results of probabilistic sensitivity analysis of 

Composite steel beam   

Reliab ility analysis was carried out on  a composite steel 

beam section of 356x171x45kg/m UB supporting a concrete 

slab of 120mm thick at different ratios of dead-to-live load 

ratio (α) using FORM 5 [11]. α varies from 0.2 to 1.2 for all 

design parameters. Sensitivity tests were carried out for each 

basic parameter of the design variables which include yield 

strength (fy), Plastic section modulus (Wpl,y), live load (Qk), 

depth between fillet (d), web thickness (tw), span(l), diameter 

of shank of the stud (D),  and ultimate tensile strength of the 

stud (Fu) by varying one parameter with the load as all other 

design variables remain constant. This is to actually 

investigate the effect of the particular parameter in load 

carrying capacity of the beam section chosen. The results 

obtained are presented in Figures; 1 -9. 

 

 
Fig. 1 : Implied Safety Indices for mode of failures of 

composite steel beam 

 
Fig. 2: Variation of Safety indices with Yield Strength, fy in 

bending 
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Fig. 3 : Variation of Safety indices with Plastic section 

modulus Wpl,y  in bending 

 

 
Fig. 4: Variation of Safety indices with Live Load, Qk in 

bending 

 

 
 

Fig. 5 : Variation of Safety indices with Span, L in bending 

 

 
 

Fig. 6: Variation of Safety indices with depth between the 

fillet, d, in shear  

 

 
 

Fig. 7: Variat ion of Safety indices with web thickness, tw, in 

shear 

 

 
 

Fig. 8: Variat ion of Safety indices with ultimate tensile 

strength of the stud, Fu, for shear connectors 

 

 
Fig. 9: Variation of Safety indices with diameter of shank of 

the stud, D, for shear connectors 

 

VI. DISCUSS IONS   

Figure 1 shows the safety indices of the four (4) modes of 

failure of composite beam in relation to loadings (load ratio, 

α). The safety index for bending is  reducing with increase in 

load ratio (α) and is in the range of 9.6 to 9.26 with a 

corresponding load ratio of 0.2 to 1.2.  By comparing the 

calculated safety indices with the target safety index range of 

3.1 to 4.7 as given by JCSS [12] for minor to large 

consequences of failure, we can deduced that the design is 

safe but conservative. Likewise, for shear connection, the 

design is also safe but conservative. As all these are ultimate 

limit states conditions it implies that in Eurocode 4 [5] the 

reliability level at this level is consistently safe. For the 

deflection capacity, which is serviceability limit state, β is 

within the target range at between α ranges of 0.2 to 0.8 as 

can be seen in Fig.1, after that the section is no longer safe. 

From the sensitivity analysis as presented in Figures 2 – 9, it 

can be deduced that the safety index (β) increases with 
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increase in the values of yield strength (Fy), section modulus 

(Wp.ly), depth between the fillets (d), web thickness (tw), 

second moment of area (I), u ltimate tensile strength (Fu) and 

diameter of the shank (shear stud, D). While, it reduces with 

increase in the values of live load (Qk) and span of the beam 

(L). 

 

VII. CONCLUS IONS  

The following conclusions are drawn from this research: 

1. The results found show that it is feasible to model 

composite steel beam for checking its reliab ility using 

Eurocode 4. 

2. Bending, shear and shear connection are safe and 

conservative while deflect ion is critical at some load ratios 

considered. 

3. The sensitivity analysis shows how the considered 

parametric variables affect the safety index of composite 

steel beam. The safety index (β) that increase with increase 

in parameters are yield strength (Fy), section modulus (Wp.ly), 

depth between the fillets (d), second moment of area (I), web 

thickness (tw),  ultimate tensile strength (Fu)  and diameter of 

the shank (shear stud, D). And also the safety indexes (β) that 

decrease with increase in parameters are live load (Qk) and 

span of the beam (L). 
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