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This paper presents a numerical model for non-linear analyze steel-

concrete composite beam subjected to monotonic and repeated loading 

with partial and full interaction. The model is constructed by a modified 

FORTRAN computer program. The nonlinear responsiveness for the 

composite beam is depending on dividing the element into fibers using a 

section layered method with the constituent materials hysteretic models. 

A derivation of the cyclic model for concrete, reinforcing bar and steel 

has been adopted. The behavior of the shear connectors under repeated 

load has also been derived. Since the slip between the components of 

composite beams is considered as a basic factor in the analysis, a slip 

model is adopted to estimate its amount. The numerical model is 

validated using experimental results. The results indicate that the 

presented numerical model can provide an effective tool for analyzing 

steel-concrete composite beam. 
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1. INTRODUCTION 

The structural behavior of steel-concrete composite beams that combine tensile of steel beam and 

compressive property of concrete slab relies on the interaction between them. So, the connection 

largely influences the behavior of beam, and its simulation is a key matter in analysis of these 

structures. In the last years, many research studied the mechanical behavior of composite beams, 

more attention was on the steel-slab interface (Jianguo,  et al., 2004) effective slab width (Aref 

2007) numerical studies (Ikbal et al., 2009),  improved shear connectors rules (Lawson, M., et al, 

2017). Modelling of composite beam with shear connection (Jianguo, et al., 2004) and (Marzi, S. 

and Enrico. S. 2001). This work introduces a numerical model to analysis composite beam under 

monotonic and repeated load by including bond slip interfaces. The results have been evaluated, 

using pervious experimental results. 

2. MATERIAL PROPERTIES  

2.1. Concrete 

The cyclic behavior model under compression for concrete is shown in Figure 1 based on the 

monotonic stress-strain curve of (AL-Sulayfani, 1986). Cyclic model of concrete under 

compression in the current study is shown in Figure 2. 
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2.2. Steel 

The monotonic envelope for the stress-strain relationship of steel was idealism as elasto plastic 
behaviors and the shape of the curve is assumed to be optimal in both tensile and compressive 
areas as shown in Figure 3.İn this paper Menegotto-Pinto model  was adopted (Menegotto and 
Pinto  1973) as shown in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3. Connectors 

The flexural and slip behavior of composite  beams are greatly affected by shear connectors 

feature ductility and stiffness. For shear connection consisting of headed studs the relationship 

defined by( Olgaard 1971) is used  .Some curves representing the mechanical behavior of the 

headed studs are plotted in Figure 5. They were taking into account typical values of the two 

coefficients (=0.558 and =1 mm-1) in type A (=0.989 and =1.535 mm-1) in  type B, or (=0. 

8 and =0.7 mm-1 ) as in type C. In this study a derivation of model for stud connectors subjected 

to repeated loads has been presented in Figure 6. 

 

 

 

 

 

 

3. PREDICTION OF INTERFACE SLIPS (JIANGUO  & CAI, 2004)  

Figure 1. Cyclic model of concrete   
 under compression 

  Figure 2. Cyclic model for compresion concrete 

(current study)  

          Figure 3. Menegotto and Pinto model     Figure 4. Cyclic model (current study) 

Figure 5. Constitutive relationship conne- 

ctors( Enrico S& Sherif, T 2004),  

Figure 6. Cyclic model for connectors under 

repeated load )Current study(. 
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The assumptions which were used in this study are : (i) The shear stress at the interface is 

commensurate to the slip,(ii) Same curvature for steel girder and concrete flange. (iii) For 

basically, section is symmetric about its vertical axis. For beam illustrated in Figure 7and from 

equilibrium ,the slip computed based on the Eqs.(1) and (2): Jianguo, and Cai (2004), 

 (1) 

                                                                                 (1)                                                                      

  

    (2) 
 

 

4. NONLINEAR SECTIONAL ANALYSIS 

The idea of  the fiber section model is simple. The section is segmented into (n) fibers (equal area 
is not a necessity), concrete, structural steel or reinforcing steel can be assigned to a fiber. 

  

 

 

 

 

 

 

 

                                                                                        
 
 

Assuming plane sections remain plane and from relevant constitutive models, fiber stresses are 
measured from strain fiber. To be an accurate analysis of the section, the internal stresses due to 
repeated impact loads must be calculated. Internal stresses require true distribution along the 
depth of section in order to achieve equilibrium and then it can be calculated the neutral axis and 
curvature, then modify the value of curvature after calculation of the value of slip between 
concrete and steel fragment. The steps of nonlinear analysis are summarized.  
Step-1: The basis of analysis process is to get a balance between internal forces and moments 
with external forces and moments( Next = Nint) and (Mext = Mint). At the beginning must know 
external loads of axial force (Next) and moment (Mext) affecting composite section, then divide the 
section into a number of layers to (m, n and np,) which represent the number of the concrete 
layers, elements of reinforced bar and number of steel section layers respectively as shown in" 
Figure 8.  
Step-2 :   determine upper and  lower  s t rain layers  of  the sect ion (ε t )  and (ε b ) 
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Step-3: determine the strain at the center of each layer of concrete section (n) , 
reinforced bar (m) and steel section (np) by the following equations: 
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Figure 7. Calculated model for simply 

supported beam 

 

Figure 8. Section of simply supported beam 
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Step- 4: Calculate the stress in each layer of concrete from the theoretical models of the material 
constitutive relationships for concrete, reinforced bar and steel section respectively, which 
corresponds to the strains calculated from step 4. 
Step- 5:  Calculation internal responses of internal axial force (Nint) and internal moment (Mint) as 
follows: 
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Step- 6: Comparing the computed internal force with the external force, if the difference between 
the two in what is permitted  as in Eqution. (7) then  going to step 7  or if not then must modify 
m i n i m u m  o r  m a x i m u m  s t r a i n  i n  t h e  u p p e r  l a y e r (  ε t  m i n ,  ε t  m a x  ) . 
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If the Nint < Next then  εt min   modify to take the current value of εt .If the Nint > Next then εt 

max   modify to take current value of εt ,Then calculate the new value of εt by Eq. 3. Then  going 

to the step  or if not then must modify min or max strain  in  lower layer ( εbmin, εbmax ).    

If Mint < Mext then  εb min modify to take current value of εb ,If the Mint > Mext then  εbmax   

modify to take the current value of εb,Caculate the new value of εb from Eq. 3. 

Step- 7: Comparing computed Mint with Mext if  the difference in what is permitted  in Eq. 7. 

Step 8: calculate the central strain εcl and  the curvature (Ø1) 
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4.1. Flow Chart For Nonlinear Analysis of The Composite Section 

The implementation of the model to enter numerical data on the number and description of cross 

sections of the engineering members of composite beam in the computer program, these include 

the number of data layers. The program calculates the strains and stresses at the center of each 

layer of concrete ,reinforced bar and steel section under the external loads to make a balance 

between them and responses of the Internal. The program calculates the value of the slip ,strain 

slip and strength of the connections at any distance from the length of the beam.  

5. RESULTS AND DISCUSSION 

5.1. Slip Effects Under Monotonic Load 

A comparison with experimental beam tests by Abdel aziz,K. )1986( was involved in this study to 

assist validity of the numerical model in terms of mid-span deflection and slip of the connectors. 

Table 1. shows mechanical and geometrical characteristics of the cross section.A good agreement 

in terms of load–deflection was achieved between experimental and numerical technique as 

shown in  Figure 9. Figure 10. shows slip distribution along left half of composite beam for two 

loaded levels and a decent agreement is observed. 

5.2. Load-Deflection Curves Under Repeated Loads 

Non-linear analysis conducted on composite beam. Table 2. demonstrates geometrical mechanical 

properties of cross section used in the analysis. Figure 11.displays the moment – deflection curve 
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under repeated loads and Figure 12. shows load deflection curve. The increase of deflection is 

obvious in case of partial interaction compared with full interaction. 

Table.1 The mechanical and geometrical properties of the cross section 

Table 2. The mechanical and geometrical 

 

  
Figure 9. Load – Deflection curve for PI4 Figure 10. Slip distribution along PI4 

Properties of materials Section dimension 

Concrete: 

Ec=33163MPa f′c=35 MPa          Reinforced 

bar: 

Es=200 GPa 

fy=350MPa 

fu=375 MPa 

Steel Es=200GPa  fy=350 MPa 

fu=375) 

Shear connectors: 

Dia..= 19 mm Length=80 mm Space 

between pair = 650mm 

Es=200GPa 

fy=370 MPa 
 

Properties of materials Section dimension 

Concrete: 
Ec=2400(MPa)                

 f′c=25     (MPa) 

Reinforced bar: 

Es=200000(MPa) 

fy=245 (MPa) 

Steel: 

 Es=200 (GPa)           

  fy=245 (MPa) 

fu=361 (MPa) 

Shear connectors: 

Dia.= 19 mm 

Length=80 mm 

Pair Space = 600mm 

Es=200 ( GPa) 

fy=370 (MPa)  
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Figuer 11. Moment–curvature curve  

(current study) 
Figuer 12. Load–deflection curve 

(current study) 

 

6. CONCLUSIONS 

The following points can be summarized due to numerical study presented in this work: 

A true replica of the materials stress-strain characteristics is the basic requirement for simulation 

of inelastic behavior up to the collapse of ductile structures. This computational technique allows 

the use of complex material models under repeated and cyclic loading and relates them with the 

structural behavior rather accurately. Since the stress distribution along the sections seems to be 

rather close to the real state. The method of layer section is proven to be efficient in a nonlinear 

analysis of concrete members.  

The shear connectors that are used to connect elements together depend on slip that partially 

interacts to transfer of longitudinal shear. This results in the complexion of behavior of composite 

structures which is necessary to allow a slip in mathematical model. (Jianguo  and . Cai 2004). 
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