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1. Introduction 
When a brittle material breaks under external 

force, fast propagating cracks often appear and 
propagate at a speed more than two hundred m/s.  
When crack speed is high enough, a crack 
bifurcates into two cracks suddenly. Since the 
crack bifurcation is a characteristic feature of fast 
propagating cracks, many researchers have been 
studied it,[1],[2] however, the mechanism of the 
rapid crack bifurcation is not yet fully understood.  

Experimental studies on crack bifurcation are 
classified into two groups. One is dynamic 
experiments that measure the rapidly bifurcating 
cracks directry. [1],[2] The dynamic experiments are 
indispensable to figure out rapid crack bifurcation, 
however, measurement methods are limited. 

 The other is static experiments that use 
bifurcated notches under static or quasi-static 
loading.[3]-[5] In the static experiments, one can 
make bifurcated notches of various shapes and can 
easily apply many measurement methods. Such 
static experiments often provide knowledge that 
cannot be given by the dynamic experiments. The 
present study is one of the static experiments.   

The present study applies Moiré interferometry 
to measures the opening displacement of two 
branch notches as well as the mother notch. From 
the measurement results, stress intensity factors of 
the two branch notches are obtained. Such study 
has close relation to the problem of continuity of 
energy release rate at dynamic crack bifurcation.[2] 

2. Experimental method 
Figure 1 shows the PMMA plate specimen used 

in the present study. There is a bifurcated notch 

that has the two branches of 12 mm. The bifurca-
tion angle that is the half of the angle between the 
two branches is 13.5degrees. Diffraction grating is 
passed for Moiré interferfometry. Tensile force P 
is applied to the specimen, and the opening 
displacement parallel to P is measured by Moiré 
interferometry.[5] 

 
Fig. 1.  PMMA plate specimen with bifurcated notch. 

3. Results 
Figure 2 shows Moiré interference fringes 

around the bifurcated notch. One can measure the 
opening displacement of the notch by counting the 
number of the fringes. The displacement between a 
fringe and the next is 1.02 µm.   

 
Fig. 2. Interference fringes around a bifurcated notch. 
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Figure 3 shows the opening displacements of 
the bifurcated notch measured on the photograph 
in Fig. 2. The opening displacement of the mother 
notch, CODM, is denoted by black circles, and is 
proportional to the square root of the distance r 
from the virtual notch tip in Fig. 1.  

 
Fig. 3. Opening displacement versus r. 

The opening displacements of the two branch 
notches, CODB, denoted by red and blue circles are 
a half of CODM at the bifurcation point. As 
approaching to the tip of each branch notch, CODB 
deviates from the line of the half of CODM, and 
approaches to the line of CODM /√2.  

Figure 4 shows the stress intensity factors that 
were obtained from CODs in Fig.3 through the 
formula of COD in the singular stress field.  

 
Fig. 4. Stress intensity factor versus r. 

Stress intensity factor KIM of the mother crack 
is constant, which says the KIM indicates the true K 
value of the whole bifurcated notch.[5] Stress 
intensity factors KIB of each branch notch are the 

half of stress intensity factor KIM of the mother 
notch at the bifurcation point of r=12 mm. The KIB 
increases with getting close to the tip of the branch 
notch, and seems to approach the line indicating 
KIM/√2. This is in agreement with the theoretical 
prediction based on energy release rate of 
bifurcated cracks. 

4. Remarks 
• The behavior of stress intensity factor KIB 

obtained from opening displacement CODB is 
in agreement with the theoretical prediction 
based on the energy release rate of bifurcated 
cracks.  

• Similar result is expected to appear in dynamic 
crack bifurcation. . 
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