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Abstract. This paper presents numerical analysis of stress intensity factors (SIFs) of inclined cracks 
due to mechanical mismatches. According to literature survey, tremendous amounts of SIFs can be 
found elsewhere. However, the SIFs for inclined cracks are difficult to obtain especially when 
mechanical mismatch at the crack interface are considered. ANSYS finite element program is used 
to model the cracks embedded in plain strain plates. The cracks are oriented at the interface between 
two different materials and subjected to mode I tension loading. It is showed that when mechanical 
mismatches are introduced the mode I SIFs reduced and on the other hand mode II SIFs increased. 
When the cracks are inclined, the mode I SIFs diverged but it is not for mode II SIFs and gradually 
increased when compared with the normal cracks. 

Introduction 

The stress intensity factor (SIF) is one of the most important cracks driving force in 
characterizing the structures containing cracks. It is successfully used to ensure the reliability and 
integrity of mechanical structures. Tremendous amount of works available in discussing the role of 
cracks in determining the structural strength [1-3]. However, most of these works focused more on 
the normal cracks [4-8]. According to author’s knowledge, the works on the inclined cracks 
embedded in dissimilar materials are difficult to find [9-11]. Therefore, the main objective of this 
paper is to analyze the behavior of inclined edge cracks in dissimilar materials subjected to mode I 
tension loading. 

In this paper, three inclined angles of cracks are used 100, 300 and 400 including the normal 
cracks. Different relative crack length, a/L are used in the range of 0.1-0.7. In order to study the 
effect of mechanical mismatch on the SIFs, three types of mismatches are used 1.0, 5.0 and 5.0. The 
numerical model is developed using ANSYS finite element program. Interaction domain integral is 
used to calculate the SIFs and therefore used to characterize the crack tip. Then the roles of slanted 
angles, relative crack length and mechanical mismatches on the SIFs are analyzed and discussed. 

Methodology 

Two inclined ends of plates are perfectly bonded and it is assumed a single edge crack initiated at 
one side of the plate as shown in Figure 1(a). The plates are modeled using ANSYS finite element 
program by considering the plate fulfilled a plain strain condition as in Figure 1(b) with an enlarged 
area around the crack tip (Figure 1(c)). The plate is constrained in y-direction along the lower end of 
the plate. Additionally, it is also constrained in x-direction at a bottom-left lower end point in order 
to prevent body’s rotation. The plate is loaded in tension at the upper end of the plate. In order to 
study the influence of mechanical mismatches, two types of plates of different material properties 
are used where the inclination line is as an interface between materials. Iso-parametric 20 nodes 
singular elements are used around the crack tip while the rest region is meshed with irregular 
elements.    
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(a) (b) (c) 
Figure 1 (a) Schematic diagram for a slanted crack, (b) Finite element model of the slanted crack 

and (c) The enlarged area at the crack tip. 
 

In order to calculate the SIFs at the crack tip, J-integral based on the domain integral method is 
used. Then the calculated J-integral is converted into SIFs using interaction integral formulation. 
The chosen of energy based method to determine SIFs rather than traditional technique which is 
displacement extrapolation method due to ease of implementation in numerical model. The values 
of SIFs are then normalized into dimensionless SIFs or also known as geometrical correction 
factor, F according to Equations (1) and (2): 
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where, F is geometrical correction factor, K is a stress intensity factor, σ is a applied stress and a is 
a crack depth. Subscript I and II represent type of failure mode I and II. Then F is plotted against 
relative crack length, a/L and slanted angle,θ.  
 

 
Figure 2 Present model validation with the existing model. 

 
Before any further analysis, the present numerical model shown in Figure 1 is validated with the 

existing model [4]. However, the validation is performed only for normal crack since there are no 

 



 

SIFs for slanted surface crack available in open literature. Figure 3 depicted the SIF comparisons 
between present and existing crack models. It is showed that both models are well agreed with each 
others for two crack aspect ratios, a/b. 

Results and Discussion 

The effect of mechanical mismatches on the mode I SIFs of slanted cracks are presented in Figure 3. 
For a comparison purpose, Figure 3(a) shows the SIFs for normal cracks of the dissimilar joint 
plates where the SIF distributions are almost flattened compared with the SIFs obtained from the 
slanted cracks. It is also revealed that for shallow cracks (a/L < 0.2), the SIFs seemed to have a 
single value. However, when it is reached (a/L = 0.3), all the SIFs diverged as the mechanical 
mismatches increased as shown in Figures 3(b)-3(d). On the other hand, increasing mechanical 
mismatches decreased the SIFs. While, the SIFs for mechanical mismatch greater than 5, the SIFs 
are not significantly decreased. The SIF distributions are diverged when higher inclined angles are 
used. 
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Figure 3 Effect of mechanical mismatches on the mode I SIFs of different slanted angle,θ, (a) 00, (b) 
100, (c) 300 and (c) 400. 

 
The influence of mechanical mismatches on the mode II SIFs for inclined cracks are presented in 
Figure 4. Similar behavior of mode II SIFs compared with mode I SIFs except that all these type of 
SIFs have an opposite effect. Figure 4(a) reveals the SIFs for interfacial normal cracks in dissimilar 
materials. It is seemed that the SIFs have no effect when the crack length is increased. The 
introductions of inclined cracks have induced larger values of mode II SIFs. This is indicated that 
the slanted cracks capable to reduce the structural performances. According to Fig. 4, both 
mechanical mismatch and inclined angles played an important role in determining the behavior of 
SIFs. For a lower value of inclined angles, the behavior of mode II SIFs are obvious. However, 
when higher angles are used, the SIFs seemed closing to each others.  
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Figure 3 Effect of mechanical mismatches on the mode II SIFs of different slanted angle,θ, (a) 00, 
(b) 100, (c) 300 and (c) 400. 

Summary 

Two types of materials are perfectly bonded and numerically modeled using ANSYS finite 
element program. Three different mechanical mismatches and inclined angles are used and then the 
stress intensity factors at the crack tips are evaluated when the crack length is increased. All the 
results are compared with the normal cracks for identical crack conditions. Therefore, several 
conclusions can be drawn as follows: 

1. The mode I SIFs for normal cracks are almost flattened compared with the inclined cracks. 
For inclined cracks, the mode I SIFs increased as the crack length increased. 

2. Mode II SIFs are also increased but in an opposite direction of mode I SIFs. However, mode 
II SIFs have no significant effect of mechanical mismatch is greater than 5.0 especially for 
inclined angle greater than 400. 
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