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In-plane fracture behaviour of unidirectional fibre composite materials 
has been investigated by many researchers. Ashby et al. [I] and Maiti [2] 
analysed the in-plane fracture toughnesses of the two cases, i.eo,the crack 
lying parallel to the fibres and crack normal to the fibres. Many experi- 
mental results showed that the fracture toughness of the case of the crack 

n 
normal to the fibres, K~ is much larger than that of crack varallel to the 
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flbres, K~ . Ashby et al. derived the relatlonshlp between the two 
IC 

toughnesses by using stress approach. This relationship is as follows: 
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In deriving (i), Ashby et al. assumed that at the onset of fracture, the 
stress fields of the two configurations (i.e., crack parallel to and normal 
to the fibres) are identical. So, for the case of crack normal to the fibres, 
the onset of fracture is assumed to be caused by normal stress only, whereas 
the effect of shear stress on fracture is ignored° 

In reality, there is no ground in the assumption. In the present re- 
search note, a brief account on this problem is presented. 

For the case of crack parallel to the fibres, the fracture is of mode I, 
the normal stress causing the onset of fracture can be expressed as (Fig. 1 
and Fig. 2): 
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According to the point-stress fracture criterion [3], when the stress value 
at the point being r ahead from the crack tip equals the strength of the 

O 
material, the fracture will occur° 
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where r is the characteristic dimension of the point-stress fracture cri- 
o 

teriono T is the transverse tensile strength of the material. Here, the 
effect of the stress component parallel to the fibres on fracture is ignored. 
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For the case of crack normal to the fibres~ the fracture is of mixed 
mode. The contribution of the shear stress, T to the fracture can not be 
ignored. Following the notations of [i] and xy [2], the stress components 
can be given as: 
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Where E , E 2 and are elastic constants of the material; direction- 
1 is th~ ' Gl2'fibre ~21 direction. 

Mixed mode fracture should be characterised by failure criterion. Omit- 
ting the effect of the stress component parallel to the fibres on fracture 
(as for the case of crack parallel to the fibres), the Tsai-Hill criterion 
is reduced to 

where S is shear strength of the material. 
K n Ic can be obtained from the following: 

The relationship between K a and 
Ic 

Assuming that the characteristic dimension r of the case of crack normal 
to the fibres is identical to that of crack ~arallel to the fibres~ the 
final relationship between the two in-plane fracture toughnesses Kic and 
K~c is obtained. 
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when T/S = 0, (ii) reduces to (k) o 
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Two sets of experimental data quoted in [2] were calculated by using (i). 
The results are given in Table 1 and compared with the calculated results of 
(i) and the experimental data° For most commonly used epoxy-ba~ed fibre 
composites, the value of the ratio T/S approximately equals to =~i. It 

2 
can be seen that the results of (ii) are much closer to the experimental 
dsta than those of (i) o 
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Table io Comparison of the calculated results with experimental data 

Material 
system 

Glass 

epoxy 

Graphite 

epoxy 

Elastic 
constants 

EI=4OGPa 

E2=8.3GPa 

GI2=4.1GPa 

w12=0.26 

EI=I37GPa 

E2=I0.8GPa 

GI2=4.6GPa 

w12=0.29 

Experimental 
results 

K•c 
=3.1 

K a 
Ic 

~C 
- 5.22 

K a 
Ic 

Calculated results 

Eqn. (i) 

K•c 
= 5.47 

K a 
Ic 

~C 
- 8.46 

K a 
Ic 

Eqn. 
T/S=1 

3.02 

3.91 

(ii) 
T/S=1/2 

4.34 

5.01 
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Figure i. Crack parallel to fibres. 
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Figure 2. Crack normal to the fibres. 
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