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Abstract: The objective of this study is to analyze the effect of crack to the behaviors of concrete structure. In 
this paper we take advantage of finite element method (FEM) to simulate the concrete behaviors with 
assumptive crack and compare with the no-faults concrete structure. We focus on the stress, strain and 
displacement which can explain the behavior of concrete structures and investigate the effect of crack on 
concrete structures. Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 
 

This paper compares cracked beam with no-crack 
beam on the behavior of concrete. Concrete 
structures are commonly designed to satisfy criteria 
of serviceability and safety. We focus on the stress, 
strain and displacement which can explain the 
behavior of concrete structures and investigate the 
effect of crack. 

The using vibration analysis for early detection of 
cracks has gained popularity over the years. 
However, the combination of cracks detection with 
Terrestrial laser scanning technology (TLS) and 
analysis by Finite Element Method (FEM) is a 
significant method. The concrete characteristics of 
damaged and undamaged materials are very different. 
For this reason, material faults can be detected. The 
objective of this study is to analyze the effect of 
crack to the behaviors of concrete structure. In this 
paper we simulate the concrete behaviors with 
assumptive crack and compare with the no-faults 
concrete structure. The effects of crack depth and 
location on modal properties of the concrete structure 
were investigated. 

1.1. Research Significance 
 
Traditional mechanics theory is for a long time 

the approach for calculating structure strength in 
engineering. It is based on material mechanics, 
structural mechanics, with assumption of material 
homogenization and continuum (avoiding the 
objective existence of defects and cracks). When the 
stress doesn’t exceed the allowable stress, the 
structure is considered to be safe. However, a series 
of "low stress brittle fracture" accident occur in 
engineering, which shakes the above point of view. 
The main cause of "low stress brittle fracture" is the 
existence of various cracks in the actual structure. 
This discovery leads to the recognition of the 
necessity for further research of structure with cracks. 

The properties of concrete structures can be 
determined by FEM modal-simulations, or by 
experimental modal analysis. The behavior 
characteristics of concrete are very different between 
damaged and undamaged materials. For this reason, 
material faults can be detected. Crack formation due 
to cycling loads leads to fatigue of the structure and 
to discontinuities in the interior configuration. 
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Therefore, there is a need to understand the effect of 
cracks to the concrete structures [1]. 

 
 

1.2. Research State of the Art 
 

In recent years a wide range of models and 
applications have been proposed for crack analysis, 
and an impressive array of useful information has 
been accumulated. As a result, the theoretical basis of 
the discipline has been strengthened; a number of 
fundamental issues solved; and the range of 
applications widened.  

A critical review of some of the well-known 
models for crack prediction and propagation shows 
that these models are not reliable. It is demonstrated 
that for most of the structural applications the crack is 
not the dominant criterion of design. The steel stress 
which is the dominant criterion can fortunately be 
modeled with an acceptable level of reliability. 
Introspection is recommended to all those involved in 

the research and the design issues [2]. Many FEM 
models have been developed in recent years [3–6]. 
As FEM analysis has become more available, their 
applications have become more widespread [7–11]. 
Several studies have analyzed the behavior of 
concrete, they mostly focus on the deformation, 
however, research about concrete crack is still short 
of attention [12–15]. I think that it is necessary to pay 
much attention to do the research about the concrete 
crack, which leads to important Effect on the 
Behaviors of Concrete Structure. 

 
 

2. TLS Experiment and FEM Model 
Setup 
 
The details of TLS experiment measurement can 

be found in [16]. The surface displacement 
comparison between measurement and FEM model 
simulation are present in Fig. 1. 

 
 

 
 

 
 

Fig. 1. Surface comparison between measurement and FEM model simulation [16].  
(a). Surface approximation of TLS measurement  (b). FEM model simulation. 
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Plot (a) in Fig. 1 is from the TLS measurements 
and plot (b) is from the FEM model simulation. The 
max. displacement of the experimental data between 
epoch 1 and 2 is around 0.35 mm and that in the FEM 
model is approximately 0.36 mm. The error is less 
than 5 %, so the parameters for FEM model are 
acceptable. 

We consider the concrete-beam with a crack as 
depicted and build an exemplarity FEM model with 

ANSYS. The details of constitutive parameters for 
concrete can be found in [16]. The size of the 
geometric model is 750 mm  100 mm. 

The dashed line shows the deformation in the x-z 
plane. The beam has a displacement from 2 mm at 
the points P1 (x = 150 mm) and P2 (x = 600 mm). 
The FEM model simulation of the displacement in 
the vertical direction is shown in Fig. 2. 

 
 

 
 

Fig. 2. The FEM model. 
 
 
 

The stress, strain and displacement are analyzed 
with the finite element method under plane stress 
assumptions using ANSYS code. The little cut out on 
this figure shows the dimension of the crack. The 
crack width is 5 mm and the crack depth is 10 mm. 

 
 

3. Results and Analysis 
 
3.1. Simulation Without Crack 

 
The displacement and strain of concrete beam will 

be shown in Fig. 3 with relation to the 2 mm 
displacement loads without crack assumption. The 
size of the geometric model is 750 mm  100 mm   
1 mm. 

In Fig. 3, the plot (a) corresponds to the 
displacement of FEM Model and the plot b 
corresponds to the strain of FEM Model.  
 
 

3.2. Simulation with Crack Assumption 
 

Due to the crack plane 183 is a higher order 2-D, 
8-node element which has quadratic displacement 
behavior and is well suited to modeling irregular 
meshes. The h-refinement of a finite element mesh 
generates more and smaller elements within a 
considered (structural) crack region. In this case the 
typical edge size of the elements is reduced at those 
areas. The meshed beam is showed in Fig. 4. 

The displacement, stress and strain of concrete 
beam will be shown in Fig. 5 and Fig. 6 with relation 
to the 2 mm displacement loads with crack 
assumption as FEM model in Fig. 2.  

The displacement between cracked model and 
non-crack model is so obvious that the max. of 
displacement in crack model is much bigger than it in 
the non-crack model. Part of the reason is that, the 
crack model is under the plane stress assumptions in 
order to deal with the crack more conveniently. 
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(a) Displacement 
 

 
 

(b) Strain 
 

Fig. 3. The displacement and strain of FEM Model. 
 
 

 
 

Fig. 4. The meshed beam and refine meshed crack. 
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Fig. 5. The displacement of plane FEM model with crack meshed. 
 
 

 
 

(a): Stress 
 

 
 

(b) Strain 
 

Fig. 6. The stress and strain of plane FEM model with crack meshed. 
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In Fig. 6, the plot a is the stress of plane FEM 
model and plot b is the strain of plane FEM model 
with crack assumption. It is hinted that the effect of 
the crack is significant on concrete structures.  
 
 
4. Conclusions 

 
This paper compares concrete beam between the 

crack assumptive model and non-crack model with 
FEM simulation on the displacement, stress and 
strain. The further research is necessary to reduce the 
errors in the data preprocessing. And the FEM 
methods still needs more parameters to simulate 
accurately and gain more reliable results. But it could 
be shown, that the effect of crack on the concrete 
structure is significant. 

The current paper submits a method for concrete 
cracks research with FEM model.  It will become 
more and more important to efficiently simulate the 
behavior of concrete crack and accurately predict the 
security life. For this reason, the research in this field 
to provide a more powerful methodology and later on 
also practical software is very promising. 
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