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Abstract – In general, multiple cracks with different or similar geometries that coexist on the same 

surface will affect its neighbouring counterpart’s Stress Intensity Factor (SIF) reading. The effect will 

determine the growth rate of each crack provided that stress flows emanating from each crack tip’s 

stress distribution collided and create an interaction field that slows down all crack growth in a 

structure. The study had been proven true over the past years through various Finite Element 

Analysis software packages and formulation, but an actual experiment and raw data acquisition is 

rather scarce in publication. This could well mean that the process to prepare multiple cracks study is 

hard to emulate physically as oppose to single crack study. This study attempts to find a possibility to 

replace subsequent crack in addition to existing crack with kerf gap from Electric Discharge 

Machining (EDM) wire cut. Through simulation on ABAQUS Computer Aided Engineering (CAE), 

comparisons are made between specimens with a crack and a kerf with ones that has two cracks to 

correlate SIF and the dimensionless parameter, Y, which is part of SIF formulation that determines 

the magnitude of crack growth. Data acquired, determines the feasibility to perform reproduction of 

multiple edge cracks experiment. Copyright © 2015 Penerbit Akademia Baru - All rights 

reserved. 
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1.0 INTRODUCTION 

In real life situation, structural failure in a form of crack will most likely grow more than one 
in a single structure. Multiple cracks usually emanates from different sources which either 
directly or indirectly creates a form of interaction [1]. Under fit circumstances, taking 
considerations of applied loading, geometrical characteristic of structure such as shape and 
size of structure and crack orientation, one crack and the other can be enhanced or shielded 
due to interaction. Hence, it is essential for engineers to understand multiple crack growth 
propagation to determine structural fail-safe safety factor.  

The study of multiple edge cracks on single specimen has proved to be rather elusive in the 
past few years. This could well be because the works to prepare the specimen for experiment 
is not a straightforward procedure. Orthodox procedure to produce crack on specimen for 
single edge crack experiment requires angled V-shaped notch. The tip of the notch is the 
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target area where the crack opening is supposedly established. Specimen preparation for 
multiple edge cracks is difficult especially to grow cracks at required location and length. In 
his thesis, M. S. Abdul Manan [2], welded a metal piece on top of his first crack as a way to 
arrest its growth and to allow the second crack to pre crack and grow to specific length. Both 
cracks were initiated by 3-point bending method as means to overcome material’s yield 
strength and to nucleate crack from notch tip. W.O Soboyejo et al. [3], who studied the 
interaction and coalescence of two coplanar fatigue cracks under bending, introduced ‘ridged 
technique’ in which a boxed shape specimen designed with ridge on top of it, is dented 
through with a crack profile. The ridge is subsequently machined away after obtaining the 
required notch depth to propagate the crack. To study relations of Stress Intensity Factor 
(SIF) and relative positions of interacting cracks, Gope and Thakur [4] made a mechanical 
slits using 0.1mm thick jewelry saw. The purpose is to create high stress concentration spots 
to overcome material fracture toughness, ��, which in this case is aluminum alloy. Contrary 
to conventional method, W.O Soboyejo et al along with Gope and Thakur attempted to 
simultaneously grow two cracks under single loading.  

To effectively study multiple cracks interaction, it is recommended that each crack obeys the 
Linear Elastic Fracture Mechanics (LEFM). By adhering to LEFM, which assumes that a 
body remains elastic under constant loading even in the existence of crack tip singularity, it is 
much more viable to outline the stress distribution and magnitude at crack tip area with the 
assist of predetermined parameters such as material properties, crack geometry, and applied 
loading. 

This paper intends to respond a fundamental query of the possibility for a kerf to match 
characteristic of LEFM crack and thus replaces crack itself. To determine a crack’s growth in 
the presence of precision cut, stress intensity factor, K, is employed to calibrate the crack tip 
stress in loading. K is given; 

� = ��√�	              (1) 

Where Y is dimensionless parameter on crack and specimen size, σ is applied remote stress, 

	 is crack length. Y value is dependent on crack geometry in specimen and acts as a constant 
that either amplifies the SIF or vice versa. Hence, it is essential to obtain Y value in order to 
predetermine the rate of crack growth. In his work to calculate SIF multiple edge cracks, 
Jiang et al[5, 6], applied correction factors for two parallel cracks in which were obtained by 
Finite Element Analysis (FEA). The correction factors were acquired by correlating 
interaction effects and crack geometry on specimen. 

2.0 MATERIALS AND METHODS 

2.1 Precision Cutting and Kerf Gap 

Precision Machining is divided into few accuracy classes, namely Class C (Normal), P 
(Precision), SP (Super Precision), and UP (Ultra Precision). To best imitate the trait of LEFM 
crack, Class SP machining is the preferred choice. Accuracy of machining process depends 
on the kerf width which varies in processes and manufacturers. The term kerf is referred as 
groove or notch made by cutting tools. Kerf accuracy is heavily reliant on tool and work 
piece conditions.  
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Wire cut technology, or widely known as Wire EDM (electrical-discharge machining) in the 
industry is a machining process in which the wire travels along prescribed path to cut the 
work piece into desired shape. Current technology of precision machining is able to reach up 
to 0.010 mm in kerf width accuracy. That can be achieved through Wire Electrical Discharge 
Machining. The finest wire diameter that is available for this simulation, however, is at 
Ø0.030 mm (Fig. 1. (a)), which is still in the region of Class P. 

Another possible method to obtain small cutting kerf is the Water Jet Machining (WJM). The 
water jet cutting method is similar to conventional machining approach of chip-removing 
machining operations. The cutting process is generated by high-speed water jet that, along 
with potential energy of water at pressure up to 4000 bar, travels at speed approximately 800 
m/s through its cutting nozzle. To cut through material with higher strength, grain of sand or 
better known as abrasive is added into the water to ease penetration into work piece. While, 
WJM proves to be better in terms of production time, cost, and maintenance, it could not 
reach the desired kerf gap below  

0.100 mm. Thus, WEDM proves not to be a suitable option. However, since there is no 
published study on range of kerf width that complies with LEFM elastic crack characteristic 
is made known, it still provides a wide research prospect for future study. Fig. 1 (a) is an 
image of kerf and its tip taken from optical microscope. Fig. 1 (b) is the kerf modelled in 
software before simulation. 

    

Figure 1: (a): Image of kerf; (b): Modelled kerf for FEM analysis. 

 

2.2 Finite Element Analysis 

Finite Element Analysis (FEA) is chosen due to its fast and accurate data analysis and offers 
complete and flexible solution.  Other widely used approach is the Boundary Element 
Method (BEM) which is used to solve boundary conditions. Although BEM provides faster 
data computation and at a cheaper cost [7], FEA has the ability to consolidate data for a 
whole domain thus deliver more comprehensive result.  

K values are calculated based on two-dimensional Finite Element model of an edge cracked 
parallel to precision cut on a rectangular shaped body. The notation is represented in Fig. 2 
(a) and (b), where a is the crack plane, b is the precision cut, d is separation between crack 
and precision cut, T, width of specimen, and �is the normalised stress from crack plane. The 
distinguished notation between Fig. 2(a) and (b) is the letter x that represents second crack. 
Also worth to note that the main subjected crack is always on the right hand side of both 
models. Upon obtaining the value of K, from (1), Y can be calculated in the form of: 
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� = 	
�

��√��
               (2) 

K values are taken from series of crack-to-width ratio, a/T, which varies at 0.20, 0.30, and 
0.40. Each a/T measurement will be accompanied with precision cut-to-width ratio, b/T, 
ranging from 0.05 to 0.3 at 0.05 intervals, on parallel plane to investigate the interaction limit 
and its effects on crack growth SIF. Simulation is repeated with distinct value of separation-
to-width ratio, d/T, of 0.2, 0.3, 0.4, and 0.5 to further study the ramification. 

 

   (a)      (b) 

Figure 2: (a): Crack, a, and kerf, b, interaction model; (b): Primary crack, a, and secondary 
crack, x, interaction model. 

FEA model is generated using ABAQUS software to perform computer-aided engineering 
(CAE) simulation. For the analysis, continuum mesh with 8 nodes, plane strain elements are 
used in quadrilateral area. By using continuum theory, it is assumed materials does not 
contain voids, micro cracks, grain boundaries, dislocation of atoms or other diminutive 
fractural behaviour. The whole element package is known as CPE8R bi-quadratic with 
element in the area of crack tip collapse and degenerated into triangular element. Material 
properties inserted are based on Aluminium 6063 T6 (Al 6063 T6) which has yield 

strength,��, of 172 MPa and ultimate tensile strength of, ��, 207 MPa. For crack plane, seam 

crack is assigned to characterise the sharp crack feature for a and x. Precision cut is modelled 
with 0.030mm gapping cut-line with assorted length that ranges from 2.5 mm to 15 mm. Fig. 
3 shows undeform condition of simulation model with grid partitioning. Deformed shape of 
simulation is shown in Fig. 4. 

 

Figure 3: Undeform shape of simulation model. 

x 
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Figure 4: Deformed shape of simulation model. 

 

3.0 RESULT AND DISCUSSION 

Result for simulation of Y value of crack growth with precision cut is shown in Fig. 5(a) 
along with Y value of double crack models in Fig. 5(b). To simplify data presentation, both 
graphs are represented in average value of a/T since data distribution tends to overlap each 
other due to small differences in Yavalue. In each separation and crack length ratio, both 
graph for crack with precision cut and double crack shows almost identical downward trends. 
From FEA data, the plotted graph suggests that data distribution tends to form in groups of 
crack over width, a/T, while values of d/T prove insignificant in affecting Y values for both 
graphs. From both graphs (Fig. 5 (a) and (b)), it is observed that sample that contains shorter 
d/T, a/T, but with higher b/T or x/T yields lower value of Ya. The lowest value of Ya obtain is 
captured from sample d/T and a/T of 0.2 and b/Tor x/T of 0.3 in which, technically, the 
particular specimen has slightly longer kerf length or secondary than the subjected main 
crack, a. 

 

Figure 5: (a): Ya value for crack and kerf interaction 
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Figure 5: (b): Ya values for double crack interaction 

 

In Figure 6, shows stress distribution originated from kerf’s tip distorts the advancement of 
crack growth. Lower value of Y or Ya in this case, at main crack indicates that a significant 
interaction occurs between two stress fields which ultimately alter development of crack. 
This occasion is known as the shielding effect where growth rate of crack are arrested and 
later became stagnant.  

 

Figure 6: Stress flow distribution at lowest Ya value in crack-kerf interaction 

 

Figure 7 plotted to display percentage of deviation of Y values for a/T groups of 0.2, 0.3, and 
0.4 in between both modes of study from Fig. 5 (a) and (b). The solid lines represent the 
crack-kerf interaction while the dashed lines signify the double crack interactions. The 
calculated error for each groups are 8.55%, 14.08%, and 20.54% respectively. Error 

T 

Kerf’s Tip 
Crack’s Tip 
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percentage reveals that the differential margin ascends as main crack to width ratio, a/T 

increases. Based on the trend, the biggest different occurs at the widest separation of d/T 
equals to 0.4. Smallest error between the two studies transpires at outstretch of a/T at 0.2. 

 

Figure 7: Graph comparison from Fig. 5 (a) and (b) in percentage deviation. 

 

4.0 CONCLUSION 

Simulation using Finite Element Analysis shows a near identical correlation in terms of graph 
trend. This paper tends to find the possibility of replacing a subsequent crack with a precision 
machining kerf. The behaviour of existing crack with kerf shows similar response to those of 
double cracks’ in terms of the dimensionless parameter, Y, value. However, due to varying 
stress distribution that stems from kerf tip, data produces different reading compared to 
double cracks study benchmark. It is still possible mathematically to model a formulation 
through statistical graph fit and regression in order to obtain the correction factor for further 
experimental purposes.  
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