
DAMAGE ANALYSIS OF STEEL-CONCRETE COMPOSITE BEAMS 
UNDER STATIC LOADS 

Faraz Sadeghi1, Xinqun Zhu1, Jianchun Li1 

 

Keywords:  
 

Abstract. This paper presents a study of the static behavior of steel-concrete composite beams 
with different types of damage. Since the behavior of a composite beam under load is governed 
by the shear connection, it is important to investigate the overall structural response due to 
different levels of damage in the interface and composite layers. A finite element (FE) model of 
a steel-concrete composite beam is developed based on two Euler-Bernoulli beams as the com-
posite layers coupled with a deformable shear connection. Three different damage indices are 
defined for the concrete slab, the steel girder, and the distributed shear connection and then 
embedded into the stiffness matrix of the composite beam. This model is validated by comparing 
its load-displacement behavior with an equivalent FE model developed using the commercial 
FE software ABAQUS. The impact that the loading location has on the results is then investi-
gated. A convergence study is also carried out in terms of the displacements and strains to 
determine the number of composite beam FEs. The maximum displacements and strains of com-
posite beams with different types and levels of damage are then investigated. The numerical 
analysis showed that after an initial reduction when the number of FEs increase, the changes 
in displacement and strain at each location are very small. Moreover, the bonding slip has 
almost no effect on the measurements, and the changes in maximum displacement and strain 
from undamaged to maximum damage are almost the same.  
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1 INTRODUCTION 
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2 DISPLACEMENT BASED FINITE ELEMENT FORMULATION 

2.1 Equilibrium and compatibility 
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2.2 Stiffness matrix
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2.3 Definition of damage   
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3 RESULTS AND DISCUSSION 

3.1 Validation of the finite element model 
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3.2 Parametric study 
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4 REVIEW 

5 CONCLUSION 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Stiffness Reduction

2.64

2.65

2.66

2.67

2.68

2.69

2.7

M
ax

. D
is

pl
ac

em
en

ts
 (m

)

10 -3 (a)

Case 1 - Concrete

Case 2 - Steel

Case 3 - Interface

Case 4 - Concrete & Interface

Case 5 - Steel and Interface

Case 6 - Concrete & Steel & Interface

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Stiffness Reduction

0.95

1

1.05

1.1

1.15

1.2

1.25

1.3

M
ax

. S
tra

in
s

10 -3 (b)

Case 1 - Concrete

Case 2 - Steel

Case 3 - Interface

Case 4 - Concrete & Interface

Case 5 - Steel & Interface

Case 6 - Concrete & Steel & Interface

1060



REFERENCES 
 
Philosophical Transactions of the Royal Society of London A: Mathematical, Physical 
and Engineering Sciences

 
Structural Health Monitoring

 
Computers & Structures, 

 
Journal of structural Engineering

 
Journal of structural engineering

 
Journal of Bridge 

Engineering
 J 
Civ Struct Health Monit

 Journal of 
Structural Engineering

 
Engineering Structures

 
Journal of Constructional Steel Research

 
Journal of Structural Engineering

 
Finite Elements in Analysis and Design

1061



 
Engineering Structures

 

Engineering Structures,
 

 
International Journal of Solids and Structures

 
Costruzioni Metalliche

1062


