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Abstract 

 
  The evaluation of the fracture toughness for the materials has been established as the standard testing 
method in JSME and ASTM and is actively in use now. The stress fields near crack tips can be divided into 
three basic types each associated with a local mode of crack deformation and each crack deformation mode is 
independent. The standard tests are conducted for mode Ⅰ crack deformation. The evaluation of the fracture 
toughness for  mode Ⅱ crack deformation is conducted as the combined mode evaluation with mode Ⅰ because 
the mode Ⅱ crack deformation is in-plane deformation. However, because the fracture toughness evaluation for 
mode Ⅲ crack deformation is out-plane shear crack deformation, even the selection of the testing methods is 
difficult. Furthermore as the analytical solutions of the mode Ⅲ stress intensity factor for two dimensional problem 
are analyzed with the strong restriction, we must use with severe care. With these backgrounds, there are not many 
examples in the study for the evaluation of mode Ⅲ crack deformation. In this study, the evaluation of the mode Ⅲ 
fracture toughness is performed in using the acryl resin specimens. As a result, the considerably lower values are 
obtained in comparison with the fracture toughness of mode Ⅰ and mode Ⅱ crack deformation. 
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1. Introduction 

The stress fields near crack tips can be divided 
into three basic types each associated with a local 
mode of crack deformation. The opening mode, 
Ⅰ, is associated with local displacement in which 
the crack surfaces move directly apart. The 
edge-sliding mode, Ⅱ , is characterized by 
displacement in which the crack surfaces slide 
over one another perpendicular to the leading edge 
of the crack. The tearing mode, Ⅲ, finds the crack 
surfaces sliding with respect to one another 
parallel to the leading edge. As for the fracture for 
three crack deformation mode, it is well known 
experimentally and analytically that the fracture 
for the mode Ⅰ loading occur with the crack 
along pre-existing crack surfaces and one for the 
mode Ⅱ loading generate with the wing crack1),2).  
The crack extension behavior for the mode Ⅲ 
loading is somewhat complicated. If the analytical 
models are approximated by the two dimensional 
models, the crack initiation from the pre-existing 
crack occurs with the crack along the pre-existing 
crack3). However, as far as the analytical models 

are treated as the three dimensional models under 
the mode Ⅲ loading, the stress fields near crack 
tips is very complex4)-8) and some kinds of cracks 
are observed. The echelon crack4),5),8), the petal 
cracks5),6),9),10) and shell-like cracks7),9),10), for 
example.  

The many analyses of the stress intensity 
factors for two dimensional (hereinafter referred to 
as 2-D) problems had been given by the various 
methods11),12).  In these 2-D solutions of stress 
intensity factors(SIF), the analytical solution used 
most frequently is the stress intensity factor for the 
testing model of the fracture toughness 
evaluation13). As these analytical solutions in mode 
Ⅰ loading models and mode Ⅱ loading models 
are treated as the in-plane problems, it is 
considered that three dimensional 
solutions(hereinafter referred to as 3-D) are similar 
to 2-D solutions except the stress intensity factors 
for the crack tips near the free surface. However, it 
is predicted that the 2-D analytical solutions for 
mode Ⅲ loading models may be different from 
the 3-D solutions because the analytical solutions 
obtained as the out-of plane shear mode problems 
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are given with the strong restriction within 
in-plane.  

In this study, after the difference of theory 
between plane problem and three dimensional 
problem for the stress field near mode Ⅲ crack 
tip is made clear, the evaluation of the fracture 
toughness for mode Ⅲ  crack deformation is 
conducted using the 2-D analytical solution. The 
material used in this experiment is the acryl resin 
which it has the stable material property and has 
been used widely in many experiments.  

 
2. Theoretical background 

The 2-D plane problem of a pure out- plane 
shear is described by next formulas. 
 

u=0,   v=0,   w=w(x, y)            (1) 
 
where u, v, and w are the displacements of x, y, and 
z-direction, respectively. The relationship between 
displacement and strain and Hooke’s law are 

 

γ�� � ��
�� �

���
� ,  γ�� � ��

�� �
���
�  ,     (2) 

 
where G is the modulus of elasticity in shear. All 
the stress components of σx, σy, σz, and τxy 
are zero and the equation equilibrium for forces is  
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   Next, the stress condition near crack tip for 
mode Ⅲ crack deformation is three dimensionally 
considered. Simplifying the model which crack is 
subjected to the compressive loading, we can 
consider the model that the rectangle crack of 
ABCD with the slope of the angle γ exists in a 
parallelepiped as shown Fig.1. Here, the crack tips 
of AD and BC are dominated by the crack 
deformation mode of mode Ⅱ and the crack tips 
of AB and DC are dominated by the crack 
deformation mode of mode Ⅲ . The stress 
condition near the crack tip AB is investigated by 
using the model which the y-axis is taken in the 
extension line of BA, the x-axis is taken in the 
direction perpendicular to the surface ABCD, and 
the z-axis is taken in the extension line of DA as  

 
Fig.1 Crack under compressive loading 

 

 
Fig.2 Echelon crack initiated in mode Ⅲ crack 

 
shown Fig.2. To generalized this discussion, the 
polar coordinate(r,θ)  is considered to the x-axis 
from the z-axis. If we assume that θ=0, we 
obtained that τθy=τxy=KⅢ/√���, andτyr=τyz=0. 
This stress condition is the pure shear stress 
condition due to τθy. Therefore, very large tensile 
stress with the direction inclined π/4 clockwise 
and counterclockwise from the side AB occur near 
the crack tip AB as shown in the figure. This tensile 
stress induces the opening crack inclined π /4 
clockwise from the side AB. When its crack surface 
is observed with the constant distance as shown in 
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Fig.3, those multiple cracks is called the echelon 
crack arrays. Based on these consideration results, 
the crack along the initial crack and the crack 
kinked from the initial crack are not generated, the 
crack intersected the initial crack tip line is 
generated at the one point of crack tip. However, 
the crack and a slip fault considered the pure shear 
fracture have been observed in many rock 
experiments and the surface of the earth. 
 

 
 

Fig.3 Wing crack and echelon cracks 
 
   In these discussion, the crack generation in 3-D 
elastic body with mode Ⅲ loading can not been 
explained by 2-D theory. 
 
3. Experiment 
3.1 Summary of experiment 
   Single edge cracked strip subjected to 
concentrated shear forces on crack surface is 
applied to the experimental model. Its summary 
is shown in Fig.4 (a). The exact solution of SIF 
for this model is shown as follows14). 
 

KⅢ=FⅢ(α) ��
√��,    α=�

�        (4) 

FⅢ(α)=� ��
����� 

 
where S is the concentrated shear forces(See 
Fig.4 (a)).  
2.2 Specimen 
   The acryl resin plate was used as the 
experimental specimen in this study. Chemical  

 
Fig.4 Experiment model and specimen 

 
name is Methacrylic resin sheet and the trade name 
is SHINKOLITETM which has been manufactured 
by Mitsubishi Rayon Co., Ltd. The important 
material properties are shown in Table 1. The 
fracture toughness values of mode Ⅰ and mode 
Ⅱ had  

 
 Table 1 Important material properties 

Physical properties JIS Average value
Specific gravity JIS K7112 1.19g/cm3 
Tensile strength JIS K7113 75MPa 
Flexural strength JIS K7203 120MPa 

Compressive strength JIS K7181 120MPa 
Modules of elasticity JIS K7113 3.2×103MPa 
Coefficient of thermal expansion JIS K7197 7×10-5℃-1 
 
been obtained in a range of 0.99~1.96MPa√� and 
1.41~2.28 MPa√�, respectively15),16).  

Specimens have the size with the width of  
160mm, the length of 550mm, and the thickness of 
2mm. Three specimens are prepared for the fracture 
experiment. The jigsaw was used in processing of 
the initial crack and crack length and crack width 
are about 80mm and 1mm, respectively. The crack 
tip is machined sharply using utility knife. Crack 
length(a) and specimen width(W) used in the 
evaluation of SIF are indicated in Table 2(See 
Fig.4(b)). 
 

Table 2 Crack length and specimen width 
Specimen 
number 

Crack length 
a(mm) 

Specimen width
W(mm) 

① 54.0 139.0 
② 58.5 138.5 

Table 2
Specimen 
number 

Crack length 
a(mm) 

① 54.0 139.0 
② 58.5 138.5 
③ 57.0 138.0 
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3.2 Experimental method 
The desk universal material testing machine 

produced by TOKYO TESTING MACHINE INC. 
(Trade name; LITLLE SENSTAR, Stable capacity; 
2000N) is employed in this experiment. Both edges 
of specimen are fixed by C type clamps in the 
frame connected by L type steel plate and straight 
steel plate. Two small C type clamps are fixed in 
the crack origin positions and these clamps and 
upper and lower jigs are connected by using the fine 
wire rope. With these procedures, mode Ⅲ 
loading was carried out. Loading test is conducted 
with loading rate of 1mm/sec and datum of  
loading load and load point displacement are taken 
in the personal computer through data logger and 
GP-IB interface. 
4. Experimental results 

The relation between load and load point 
displacement for the specimen ②  is shown in 
Fig.5.  Load-displacement diagram has hardening 
behavior at an initial stage and presents the curve 
with convex slightly downward after that. Its shape 
can be regarded as the bi-linear line. The peak load 

 
 

Fig.5 Load-load point displacement diagram 
 
is recorded at the displacement with about 20mm.  

Fracture crack growth behavior from an initial 
crack is shown in Fig.6. Fracture crack generates at 
an angle of 70°~75°to the initial crack axis.  
   The evaluation results of mode Ⅲ fracture 
toughness KⅢC are shown in Table 2. The average 
value of the fracture toughness values obtained in 
this study is 0.041MPa√�. As it has been reported 
that the fracture toughness values of mode Ⅰ and 

 
 

Fig.6 Image diagram of fracture crack extension 
 

mode Ⅱ  for acryl resin are in a range of 
0.99~1.96MPa √�  and 1.41~2.28 MPa √� , 
respectively as was stated previously, very small 
values are obtained in this evaluation as comparison 
with those fracture toughness values. Referring to 
rocks, KⅢC of Westerly granite is 2.4 MPa√� as 
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Table 3 Evaluation results of mode Ⅲ fracture toughness KⅢC 

Specimen 
number 

Maximum load 
(N) 

Displacement 
(mm) 

α=a/W FⅢ(α) KⅢC 
(N/mm3/2) 

KⅢC 

(MPa・m1/2)
①  11.90 29.88 0.388 1.14 1.04 0.033 
②  18.31 18.31 0.422 1.17 1.38 0.044 
③  16.20 22.73 0.413 1.17 1.42 0.045 
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compared with 1.74 MPa√�  of KⅠC and KⅢC  
Solnhofen limestone is 1.3 MPa√� as compared 
with 1.01 MPa√�  of KⅠ C

17). Therefore, these 
rocks have some increase for KⅢC as comparison 
with KⅠC. However, there were the large difference 
between KⅢC and KⅠC of acryl resin.  
 
5. Conclusion 

In this study, after discussing the difference 
between 2-D theory and 3-D theory in mode Ⅲ 
model, the evaluation of KⅢC for the acryl resin 
specimens was conducted by using 2-D solution. As 
a result, the considerably smaller KⅢC values were 
obtained as compared with KⅠC of acryl resin and  
KⅢC of rock. However, we can’t have the result that 
2-D solution of K Ⅲ  can’t  be applied to the 
evaluation of the fracture toughness. Because the 
thickness of specimens used in the experiment is 
constant and thin. Therefore, the experiments using 
the specimens with various thicknesses and thick 
thickness will become necessary. Furthermore 
further study with 3-D numerical analysis and many 
experiments are necessary.   
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