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There are many ways to define the strength of a composite, and different reasons for 
wanting to specify it – as a measure of the intrinsic strength to compare materials, as input 
into models for predicting the strength of components or as a conservative value to 
establish safe design allowables. Regarding the ultimate strength of a unidirectional 
composite, we contend that the only unambiguous definition is the maximum stress that 
the material can sustain under uniform uniaxial loading and in the absence of other stress 
components. Other definitions such as damage initiation stress are difficult to establish and 
more subjective. Tests with in-situ SEM and X-ray CT have shown that there is often damage 
before any load is applied due to intrinsic defects or residual stresses. The point at which 
macroscopic damage is noted in a test depends on how closely it is monitored and so is 
arbitrary.   

And concepts such as in-situ strength are even more problematic as fundamental definitions 
because they depend on other factors, as discussed later. Such measures may be useful in 
establishing fitness for purpose for a particular design, but they are not appropriate as basic 
material parameters. The maximum stress may be achieved after considerable damage, 
which may cause premature failure if the direction or type of loading is changed, but it is 
still valid as a simple measure of ultimate material performance.  

There are significant differences between metals and composites in the relation between 
stress state and failure. The local triaxial stress state is not directly related to the 
macroscopically applied stress. There is not a single failure mechanism or a smooth variation 
of strength under different stress states. It is therefore necessary to consider the different 
potential failure mechanisms of fibre direction tension and compression; in-plane transverse 
tension, compression and shear; interlaminar tension, compression and shear; and also 
their interaction. The definition above can be applied to all these principal failure modes.  

Even with this simple definition it must be recognised that the value obtained may depend 
on a number of factors, such as the volume of material tested, strain rate, temperature and 
moisture condition, and so these must be specified alongside the strength. Measurements 
should be made under uniaxial loading with a uniform stress state as stress gradients can 
increase the maximum stress at failure, and the presence of stress concentrations and other 
stress components can also affect it. With these caveats, the maximum stress is useful as a 
material property, representing what may be attained under ideal conditions and a basis for 
comparison of different materials.  

There is inherent variability in composites and hence a distribution of strengths rather than 
a single value. However, it is undesirable to have strengths that are linked to theories which 
may not be fully validated or accepted. For example, the variation of strength with specimen 
size may be accounted for by means of a Weibull characteristic strength and modulus, but it 
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is preferable to quote the strength at a specified volume to avoid the dependence on any 
underlying theory.  

There are many challenges in carrying out practical tests to measure strength, to avoid 
stress concentrations and other parasitic stress components. A lot of research has been 
done on test methods, but further work is needed to synthesise the results and reach a 
consensus on the best methods. In principle it is possible to measure stresses at failure 
under combinations of different stress components, but in practice this is even more 
challenging and requires more research both on the tests and the use of the obtained values 
in criteria to predict failure.  

This measure of strength can strictly only be applied to unidirectional composites under 
simple stress states. Even simple flat laminates have multiple potential failure modes that 
depend on different factors and can interact in different ways depending on many 
parameters. Transverse cracking and delamination can interact with fibre direction 
response, especially at free edges, and so the failure stress may depend on the stacking 
sequence and ply thickness. Also, in a laminate subject to uniform applied stress there are 
other stress components present in the different plies, as well as residual thermal stresses 
and constraint from other plies. Theoretically it might be possible to define and measure an 
ideal ultimate laminate strength, for example by selecting stacking sequences and ply 
thicknesses to avoid premature damage, or using tubular specimens to eliminate free edges, 
but even if this was successful, it is not clear if it would be useful since such values would 
not necessarily apply to practical situations.  

Measures such as notched strength depend on further factors in addition to those above, 
including the notch size, laminate thickness, and width to notch ratio. They are nevertheless 
useful for design and comparative purposes but should not be regarded as material 
properties. Compression after impact testing is even more problematic, and should be 
treated as a pragmatic way to gauge impact response rather than measuring a material 
property. Strength of components is a structural rather than material phenomenon due to 
complex stress distributions and interactions between through thickness and in-plane 
failure mechanisms as a result of three dimensional-geometry.  

The term “failure strength” is commonly used, but is really a contradiction in terms and 
should be avoided. Strength and failure stress are often used interchangeably, but should 
really be distinguished, with strength reserved for basic unidirectional materials and failure 
stress used elsewhere. Terms such as CAI strength or open hole tensile strength should be 
replaced by CAI or OHT failure stress. In all cases there should be full specification of the 
conditions under which the measurements have been made. Failure strain is also very useful 
as it can be more directly measured and is widely used in industry.  

Summary 

Strength as a material property should only be used for unidirectional composites under 
simple uniaxial stress states.  



Strength should be defined as the maximum stress that can be attained prior to total 
rupture and should be stated together with the volume of material and conditions under 
which it was measured. 

Results of laminate and structural tests should be referred to as failure stresses rather than 
strengths.  

Strength should be measured under uniaxial, uniform loading. Attempts should be made to 
pool the huge amount of work on test methods to reach conclusions on the best methods.  

Further work should be undertaken on the factors that affect failure to reach a consensus 
on what further research is needed in order to build a modelling framework on a firm 
foundation to be able to predict laminate and structural failure from basic material 
strengths.  

To address the last two points, it is proposed to organise a series of workshops on fibre 
direction and transverse tensile, compressive and shear strength to try to reach conclusions 
on the best test methods and the further research required. 


