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Analysis of Crack Propagation based on 
XFEM 

Jian LI 
School of Civil Engineering & Architecture, Chongqing Jiaotong University, Chongqing 400074,CHINA 

 
Abstract: The destruction of the bridge structures, etc, most of the time, began with cracks. Application of 
extended basic theory of finite element method (XFEM) and use of common software abaqus to fracture anal-
ysis, a middle beam cracks were concluded in the external loads, and got the stress changes of the artifacts 
and crack propagation. 

Keywords: XFEM; Crack Propagation; Fracture Mechanics 

 
1. Introduction 
Engineering practice shows that the crash of structure 
closely linked with the crack development, the bearing 
capacity are decreased by the existence of crack, and it 
influenced the normal use of structure. So, it is important 
to study the crack and the development theory, so that we 
can make sure the safety and durability of engineering 
structure. Lately, the research methods of fracture and 
damage are FDM, FEM, BEM, XFEM, etc. 
The XFEM method was developed by Prof. Belytschko, 
it was widely used and improved by engineers, and wide-
ly used in various areas. The first edition of XFEM could 
only use in some simple plane problem, and must be reg-
ular shape, most important, it must be single crack prob-
lem. Few years later, Sethian put the level set method 
into the description of crack, and combined with the fi-
nite method, so that we could analysis more difficult 
crack problems; Stolarska did the same thing too, and 
pushed it to track the development of cracks. Chopp used 
the FMM and the XFEM simulated multiple cracks, it 
was proved success. 

2. Introduction to the theory of fracture me-
chanics 
Fracture mechanics was a discipline that developed in 
lately 20 years, it is based on the linear elastic mechanics 
and Elastic-plastic mechanics, it can analysis the appear-
ance and development of cracks under the load both in-
side and outside, and find out the change rules. Study the 
resistance performance of the material to the crack, so 
that we can evaluate the safety and durability of structure. 
In this paper, we analysis the crack model by using the 
finite element software ABAQUS. 
In fracture mechanics, the same material under different 
load have varies forms. There are three crack methods in 
engineer, they are: opening mode (mode I); sliding mode 

(mode II); tearing mode (mode III). The first mode is the 
most common, basic and dangerous . 

 
Figure 1. Basic modes of crack fracture 

Based on the linear elastic mechanics theory, in order to 
confirm if the crack will develop, we can estimate it by 
stress intensity factor, use the mode Ⅰas example, the 
stress intensity factor expression as follow: 

IK Y aσ π=                                  1) 
It is inversely proportional to the crack size “a” and the 
stress “σ ” the structure bear. The cracked structure must 
satisfied the condition: 

I ICK K<                                 (2) 
So that the structure can be safely. In the equation, IK  
stand for stress intensity factor; I CK stand for the fracture 
toughness of material, it can be acquired in fracture test. 

3. The finite element model 
The basic information of the model is that the length, 
width and height are l=3m，h=6m，t=1m, the length of 
initial crack is 1.5m, the elasticity modulus E=210GPa, 
and the Poisson’s ratio is 0.3. According to the material 
property, the maximum principal stress is the criterion of 
injure, and the value is 84.4Mpa. The development of the 
crack is based on energy, linear softening and mixed 
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model, the value of some parameters is 
G1C=G2C=G3C=42200N/m, 1α = . 
According to the mentioned working condition and the 
component geometry information, we established an 
analysis model based on the finite common software of 
ABAQUS. Mesh structure adopted by the rules of the 

Hex hexahedral grid unit, there are 7558 elements and 
18071 nodes, the element type is C3D8R (Hexahedral 
integral unit), the graphic boundary and load is shown as 
Figure 2, the mesh result as shown in the Figure 3. The 
final structure model diagram as shown in Figure 4. 

 

       
Figure 2. Graphic boundary and load         Figure 3. The results on gridFig         Figure 4. Structural model figure 

                           

Figure 5. Structure diagram of crack in the end           Figure 6. The equivalent stress nephogram of structure 
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4. Results analysis 
By the analysis of result, the development of the crack 
path does not comply with the laws of a particular, but 
closely linked with the stress of structure and towards the 
maximum stress position. It is related to the stress inten-
sity factor, once the stress intensity factor bigger than 
fracture toughness of material, the crack will begin to 
expand. The path of the crack development is shown is 
Figure 5. Throughout the process, stress changes mainly 

around the crack, Figure 6 represents the structure of the 
equivalent stress diagram. 
In the process of crack propagation studies, the most im-
portant research object is the crack tips. Pick one of the 
tips in the crack path as the research object, Figure 7 
showed the stress change to that point. By the analysis 
results can be seen that at the beginning of the load, the 
stress of the crack tip is increasing by linear relationship, 
it will drop down sharply once reached the peak, and 
then steps down trend. 

 
Figure 7. The stress at the crack tip 

 

Figure 8. The curves of strain energy at some point 

Figure 8 shown the change of the strain energy in the 
process of crack propagation path within a certain unit 
structure, the results of the analysis found that there is no 
strain energy before the crack reached, which means 
there is no strain. But the strain energy will increase 
sharply once the crack arrive, it means that the strain 
happened all of a sudden, and it isn’t increased by linear 
relationship. After that, it will increase after hold for 0.1 
second, finally reached the most strain and stop location. 
Analysis of whole crack propagation process, we find 
that the stress in the crack growth and decline in the trend. 
It is not hard to understand, the sectional area of bearing 

load is smaller as the growth of the crack, so that the 
structure bearing capacity reduced gradually. 

5. Conclusion 
As the latest numerical analysis method, XFEM is based 
on the theory of decomposition, it puts the discontinuous 
displacement mode into the traditional finite element 
analysis, it makes the discontinuous displacement field 
description independent of meshing, so that the disconti-
nuous interface can be through the grid during the XFEM 
analysis process. What is more important, we don’t need 
to set the cracking path adjustment and grid anymore 
when simulating crack propagation process, we can in-
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crease the discontinuous displacement model to represent 
the processes of the discontinuous interface. In this ar-
ticle the research content, we can significantly improve 
the efficiency of crack growth analysis by using the 
XFEM to analysis the crack development of structure. 
And build a foundation for the further analysis of crack 
propagation of structural failure mechanism, and we can 
create more value for our society by improve the service 
life of structure. 
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