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ABSTRACT 
 
Although composites exhibit distributed damage rather than sharp cracks, linear elastic fracture 
mechanics can be a useful tool for predicting failure from notches [1]. To do so requires the value of 
translaminar fracture toughness, and this paper considers the question of whether fracture toughness is 
a material property, and how it should be measured. 
 
Some authors refer to the fracture toughness of unidirectional material, but if  a unidirectional 
composite with a sharp notch is tested, it will split, and it is not possible to obtain propagation of fibre 
failure from the notch tip. Although fracture toughness can be back-calculated from laminate tests, 
splitting also occurs at notches in laminates and the amount of splitting and associated fracture 
toughness depends strongly on the layup and whether plies are blocked together [2]. Translaminar 
toughness decreases with reducing ply thickness, associated with smaller damage zones with reduced 
pull-out lengths [3]. Absolute laminate thickness can also affect fracture toughness [4]. Fracture 
toughness therefore must be considered as a laminate property. 
 
The next question is whether a single value of fracture toughness can be used, or whether it is 
necessary to consider R-curves. Some results show approximately constant toughness, whereas others 
show substantial increases with crack propagation, Figure 1. 
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a) Cross-ply [5]     b) Quasi-isotropic [6] 

Figure 1: Different R-curves for IM7/8552 laminates 
 
Again this behaviour depends on the layup, with cross-ply laminates showing a much smaller damage 
zone, associated with less of a resistance curve. Quasi-isotropic specimens can have large damage 
zones, with extensive delamination, as shown for example by X-ray CT in Figure 2. R-curves also 
depend on the ply thickness. Quasi-isotropic carbon/epoxy laminates with plies only 0.03mm thick 
show a flatter R-curve as well as much lower values of toughness. 
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Figure 2: Large damage zone at notch [6] 
 
A key question is how to measure the R-curve. The results in Figure 1b were obtained with over-
height compact tension  specimens, which reduce one of the potential problems of premature 
compressive failure. It is important that the specimen is sufficiently large to allow sufficient crack 
propagation to reach the expected plateau value of constant fracture toughness.  Standard sized 
specimens 106x208mm were used, together with ones with halved and doubled dimensions. Even the 
scaled-up 212x416mm specimens were not large enough to deduce the full R-curve, and there are 
challenges with potential buckling. Also care needs to be taken in interpreting the results as later 
points on the R-curve may be invalid due to insufficient remaining size of the ligament compared with 
the damage zone size, invalidating the data reduction. Better test methods are needed to overcome 
these limitations. 
 
Another issue is the definition of crack length. More consistent results are obtained when the process 
zone is included to define an effective crack length. If the nominal crack length is taken when deriving 
fracture toughness, the value will tend to be too low, which may give overconservative results when 
predicting notched failure. However if the effective crack length is used, and the specimen is 
sufficiently large to establish the crack resistance behaviour, satisfactory predictions of failure may be 
obtained based on linear elastic fracture mechanics [1]. 
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