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Abstract 

Multiple cracks frequently appear in actual components 
such as ageing aircrafts, pressure vessels, piping systems 
and others. A good understanding of the behaviour of crack 
interaction and coalescence is essential for reliable struc-
tural integrity assessment. In this paper, the interaction of 
twin edge cracks in a finite plate subjected to the remote 
tension is investigated. The stress intensity factors (SIFs) 
for these cracks are calculated using two-dimensional 
linear finite element analysis. The results of the calculation 
show that crack interaction intensity and the crack interac-
tion limit at elastic condition are influenced by crack dis-
tance ratio and crack width ratio. 

Ključne reči 
• interakcija prslina 
• dvojne ivične prsline 
• faktor intenziteta napona 
• analiza konačnim elementima 

Izvod 

Višestruke prsline se često pojavljuju u stvarnim kompo-
nentama kao što su vremešne letelice, posude pod pritiskom, 
sistemi cevovoda i drugi. Dobro razumevanje ponašanja 
interakcije prslina i njihova koalescencija su bitni za pouz-
danu procenu integriteta konstrukcije. U ovom radu je 
istražena interakcija dvojnih ivičnih prslina u konačnoj 
ploči pod dejstvom udaljenog zatezanja. Faktori intenziteta 
napona (SIF) ovih prslina su sračunati primenom analize 
dvodimenzionalnim linearnim konačnim elementima. Rezul-
tati proračuna pokazuju da na intenzitet interakcije prslina 
i na granični uslov elastičnosti pri interakciji prslina utiču 
odnos rastojanja i odnos širine prslina. 

INTRODUCTION  

In many practical situations, different structural compo-
nents contain more than one crack-like defect. Such crack-
ing often occurs in localized patches or colonies owing to 
various types of material failure, such as stress-corrosion 
cracking /1/, fatigue /2/, and corrosion fatigue /3/. The 
different geometrical parameters of multiple cracks produce 
various elastic crack interactions. The interaction of multi-
ple cracks changes the stress field around the crack tip and 
hence changes the stress intensity factor (SIF) at multiple 
crack tips. Depending on the geometrical parameters of 
multiple cracks, the interaction of these cracks contributes 
to stress shielding or the stress amplification effect. A good 
understanding of the crack interaction is therefore essential 
for integrity assessment of cracked components. 

Assessment of the structural integrity of components 
containing crack-like defects in a linear elastic condition 
should be done using the SIF. An analytical SIF solution 
based on linear elastic fracture mechanics for single crack 
in cracked body is only applicable when there is no elastic 
crack interaction. In the elastic crack interaction range, the 
above analytical SIF formulation cannot be applied and 

should be modified. The boundary between the existence 
and non-existence of elastic crack interaction and analytical 
formulation of SIF to determine the stress crack interaction 
are still in research, /4-9/. 

In this study, the interaction of twin parallel edge cracks 
in a finite plate subjected to remote tension is investigated. 
SIFs for these cracks are calculated using two-dimensional 
linear finite element (FE) analysis. These simulations are 
carried out to investigate the effect of crack distance ratio 
and crack width ratio on the determination of elastic crack 
interaction intensity and crack interaction limit. 

FINITE ELEMENT ANALYSIS 

Figure 1 depicts twin parallel edge cracks in a plate 
under remote tension σ, with relevant dimensions consid-
ered in the present work. The size of the plate considered 
herein is H/W = 5. To reduce the work-load, H and W are 
fixed in the construction of the FE model. Crack width ratio 
a/W and crack distance ratio d/a are varied in the following 
ranges: 0.05 ≤ a/W ≤ 0.5 and 0.5 ≤ d/a ≤ 3.0. 

Elastic analysis of the FE model for this case is per-
formed using the general-purpose FE program ABAQUS, 
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/10/. It is assumed that the material of the plate is homoge-
neous and isotropic. The selected material properties are the 
elastic modulus E = 200 GPa and Poisson’s ratio ν = 0.3. 
Thus a total of 60 numerical calculations are performed in 
the presented work. 

 
Figure 1. Twin parallel edge cracks in plate under tension. 
Slika 1. Dvojne paralelne ivične prsline u zategnutoj ploči 

Although there is a plane of symmetry, the 2D model of 
the plate was done completely. Therefore, two seam cracks 
are included in this model. The crack front is chosen to be 
equivalent to the crack tip. The direction of virtual crack 
extension at the crack tip is specified by the virtual crack 
extension direction. 

A small geometry change continuum FE model is 
employed. Eight-node full integration elements for two-
dimensional, plain-strain problems (CPE8) are used. The 
total meshes are varied in different models, but the same 
number of elements in the mesh is used for the crack tip in 
all of the cases considered here. To obtain the square root 
singularity, the elements of the innermost ring at the crack 
tip are degenerated into triangles. The three nodes along 
one side of the eight-node element are defined so that they 
share the same geometrical place. The three collapsed 
nodes are constrained to move together. The mid-side nodes 
on the sides connected to the crack tip are moved to the 1/4 
point nearest the crack tip. Figure 2 shows the typical FE 
mesh for a/W = 0.5 and d/a = 1.0. 

The domain integral method is used to evaluate SIF in 
ABAQUS. The method is quite robust in the sense that 
accurate contour integral estimates are usually obtained 
even with quite coarse meshes. The method is robust 
because the integral is taken over a domain of elements 
surrounding the crack and because errors in local solution 
parameters have less effect on the evaluated quantity of 
SIF, /10/. 

To gain confidence in the present FE analysis, the results 
of FE elastic SIF solutions for single edge crack are 
compared with well-known solutions, /11/, in Fig. 3, indi-
cating small differences. The results are given using the 
dimensionless shape factor for a single edge crack FS. 

 
Figure 2. Typical FE mesh for a/W = 0.5 and d/a = 1.0. 

Slika 2. Tipična mreža za a/W = 0,5 i d/a = 1,0 
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Figure 3. Comparison of shape factor FS obtained using literature 

/11/ and using FEM. 
Slika 3. Poređenje faktora oblika FS dobijenog korišćenjem 

literature /11/ i primenom MKE. 

RESULTS AND DISCUSSION  

The elastic interaction analysis of twin edge cracks is 
performed using the so-called shape factor for twin edge 
cracks FD. The analytical formulation of SIF for a single 
edge crack in a pure Mode I loading condition can be 
expressed as follows: 
 I ( )S

SK a F a Wσ π= ⋅  (1) 
where the shape factor FS depends only on the crack width 
ratio a/W. 

Analogously one can express the Mode I SIF of twin 
edge cracks in the following way: 
 I ( , )D

DK a F a W d aσ π= ⋅  (2) 
where the shape factor FD depends not only on the crack 
width ratio a/W but on the crack distance ratio d/a also. The 
values of the shape factor FD are obtained by using Eq.(2) 
based on SIF values calculated by FEM. 

Figure 4 depicts the variation of the shape factor FD 
depending on the crack distance ratio d/a for crack width 
ratios a/W = 0.5 and 0.45. The values of the shape factor FS 
at a/W = 0.5 and 0.45 are also listed. It can be seen that 
interaction of the cracks is in shielding mode in both cases 
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because the shape factor FD is lower than the shape factor 
FS. The most intensive crack interaction is at d/a = 0.5 
because of the strongest shielding effect. The effect of 
crack interaction represented by the shape factor FD shows 
an ascending trend from d/a = 0.5 to 3.0. It means that the 
shielding effect becomes weaker with the increasing ratio 
d/a, and the effect of crack interaction slowly diminishes. 
This ascending trend of the shape factor FD coincides with 
the crack interaction theory as defined by /12/. The shape 
factor FD converges to the shape factor FS at d/a = 2.5–3.0 
reaching in that way the crack interaction limit. 
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Figure 4. Variation of FD versus ratio d/a for a/W = 0.5 and 0.45. 

Slika 4. Promena FD sa d/a za a/W = 0.5 i 0.45 

The variation of the shape factor FD versus the crack 
distance ratio d/a for crack width ratios of a/W = 0.4 and 
0.35 is shown in Fig. 5. The values of the shape factor FS at 
a/W = 0.4 and 0.35 are given as well. It can be seen that the 
crack interaction in the shielding mode exists also in these 
cases. The most intensive crack interaction is also at d/a = 
0.5. The shape factor FD shows again the ascending trend 
from d/a = 0.5 to 3.0 because the effect of crack interaction 
slowly diminishes with the increasing ratio d/a. The crack 
interaction limit for both ratios a/W = 0.4 and 0.35 is 
approximately at d/a = 3.0. 
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Figure 5. Variation of FD versus ratio d/a for a/W = 0.40 and 0.35. 

Slika 5. Promena FD sa odnosom d/a za a/W = 0,40 i 0,35 

Figure 6 shows the variation of the shape factor FD 
depending on the crack distance ratio d/a for crack width 
ratios a/W = 0.3 and 0.25. The values of the shape factor FS 
at a/W = 0.3 and 0.25 are also given. As it can be seen again 

the crack interaction is in shielding mode. The strongest 
shielding effect also belongs to the ratio d/a = 0.5. The 
shape factor FD has again the ascending trend from d/a = 
0.5 to 3.0. However, in this range of the d/a ratio, the factor 
FD does not reach the corresponding value of factor FS. It 
means that the crack interaction limit for both ratios a/W = 
0.3 and 0.25 should be at d/a > 3.0. 
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Figure 6. Variation of FD versus ratio d/a for a/W = 0.3 and 0.25. 

Slika 6. Promena FD sa odnosom d/a za a/W = 0,3 i 0,25 
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Figure 7. Variation of FD versus ratio d/a for a/W = 0.2 and 0.15. 

Slika 7. Promena FD sa odnosom d/a za a/W = 0,2 i 0,15 
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Figure 8. Variation of FD versus ratio d/a for a/W = 0.1 and 0.05. 

Slika 8. Promena FD sa odnosom d/a za a/W = 0,1 i 0,05 

Figures 7 an 8 depict the dependence of the shape factor 
FD on the crack distance ratio d/a for ratios a/W = 0.2 and 
0.15, respectively for ratios a/W = 0.1 and 0.05. The 
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corresponding values of the shape factor FS for each consid-
ered ratio a/W are also given. In all of these cases, the inter-
action of cracks shows the existence of the shielding effect 
which is the strongest at d/a = 0.5. The ascending trend of 
the shape factor FD in range from d/a = 0.5 to 3.0 exists as 
in the previous cases. The crack interaction limit for ratios 
a/W = 0.2, 0.15, 0.1 and 0.05 is not reached in the consid-
ered range of ratios d/a. Based on the trends of the factor 
FD it can be assumed that the crack interaction limit for 
each of these ratios a/W is at d/a > 3.0. 

Figure 9 depicts the variation of the shape factor FD 
versus the crack width ratio a/W at d/a = 3.0. Variations of 
the shape factor FS versus the ratio a/W are also shown. It 
can be seen that the difference between factors FD and FS is 
higher at lower values of the ratio a/W. Due to this it can be 
concluded that the crack interaction limit for lower values 
of the ratio a/W will be reached at a higher value of the 
ratio d/a. The biggest difference between factors FD and FS 
is at a/W = 0.05. It means that the crack interaction limit for 
ratio a/W = 0.05 will be reached at the highest ratio d/a 
compared to the other considered a/W ratios. The crack 
interaction limit values for ratios a/W = 0.05, 0.1, 0.15, 0.2, 
0.25 and 0.3 are at d/a > 3.0. In order to determine these 
values it is necessary to make some additional FEM calcu-
lations. However, it is not within the scope of this paper. 
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Figure 9. Variation of FD versus ratio a/W for d/a = 3.0. 

Slika 9. Promena FD sa odnosom a/W za d/a = 3,0. 

CONCLUSIONS 

The interaction effect on the shape factor FD of twin 
parallel edge cracks in a plate under tension has been 
analysed on the basis of comprehensive FE elastic calcula-
tions. The main conclusions are listed as follows: 
– The interaction effect of these cracks in the elastic regime 

is influenced by the crack distance ratio d/a and the crack 
width ratio a/W. 

– The interaction of these cracks is in the shielding mode 
which is the strongest at ratio d/a = 0.5. 

– The shielding effect is advantageous from the standpoint 
of structural failure, because it reduces the stress intensity 
factor KI. 

– Based on a known value of the factor FD, one can calcu-
late the stress intensity factor KI which is required for 
structural integrity assessment. 

– The present FE calculations have proven the abilities to 
define the crack interaction limit in elastic regime, which 

also depends on the values of the crack distance ratio d/a 
and the crack width ratio a/W. 

– The crack interaction limit for lower values of the ratio 
a/W is at higher values of the ratio d/a. 

– The crack interaction limit values for ratios a/W = 0.35, 
0.4, 0.45 and 0.5 are at d/a ≤ 3.0. For other considered 
ratios a/W, the crack interaction limit values are at d/a > 
3.0. 
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