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At a previous workshop it was proposed that the strength of a unidirectional fibre-reinforced 
composite should be defined as the maximum stress that the material can sustain under uniform 
uniaxial loading [1]. Measuring this is not easy because of the difficulty of introducing the high loads 
necessary without inducing stress concentrations. Even with careful tabbing arrangements, test 
specimens usually fail at the ends, e.g. Fig. 1. One approach to this is to machine the specimens to 
produce a waisted section with reduced cross-sectional area. Waisting can be carried out through 
the thickness, across the width, or both, and needs to be 
very gentle in order to avoid the specimens splitting [2]. 
With care it may be possible to produce consistent gauge 
section failures, but the specimen dimensions are typically 
large, and the machining or manufacturing can be 
expensive and time consuming. Recent work has shown 
that with the right equipment this can be done quite easily 
with prepreg [3]. Hybrid specimens can also be used to 
measure tensile strength, for example with carbon fibre 
plies sandwiched between glass fibre plies with a lower 
modulus and higher strain to failure. This has been shown 
to completely eliminate the stress concentration at the 
grips, producing consistent gauge section failures [4]. It is a 
very easy technique to use, and also eliminates the need 
for tabs, however it only measures strain at failure directly, 
rather than stress, and also needs a small correction for 
thermal residual strains. Bending tests can also eliminate 
failure at the points of load introduction, but only have a 
small volume of material at the maximum stress, and there 
is also a question as to whether the stress gradient may 
result in a different strength than in pure tension [5]. The 
merits of these different approaches and other 
alternatives will be debated at this workshop. 

Once reliable measuring methods have been established, 
they need to be used to investigate the factors affecting 
tensile strength. The size effect due to the volume of 
stressed material is quite well established [e.g. 6,7] but 
there are still questions as to the relative effect of changes 
in length and cross-section. Strain rate, temperature and 
humidity are generally considered to have less influence 
since the fibres themselves are not sensitive to these effects, at least for carbon. Some studies have 
shown that these factors can cause differences in strength, but are the test methods sufficiently 
robust? Many failure criteria such as Tsai-Hill or Tsai-Wu imply strong interaction between other 
stress components, but recent work using hybrid specimens has indicated very little effect of in-
plane shear and transverse compression on fibre direction tensile failure strain [8,9]. We invite 
presentations on reliable tests demonstrating which factors affect measured tensile strength and 
where further research is needed to reach a consensus.  

 

Fig. 1. Typical failure of tensile 
specimen at the end of the tab 

Fig. 2. Very gradually waisted 
tensile specimen [2] 

Fig. 3. Gradually chamfered ply [3]  

 



References 

1. Wisnom MR, Paris F, "How do we define and measure strength of a composite?" Definition-of-
strength-Workshop 

2. Korkiakoski S, Bronsted P, Sarlin E, Saarela O, “Influence of specimen type and reinforcement on 
measured tension–tension fatigue life of unidirectional GFRP laminates”, International Journal of 
Fatigue, 85, 114-129, 2016. https://doi.org/10.1016/j.ijfatigue.2015.12.008 

3. Gordon T, Xu X, Wisnom MR, Kim BC, “Novel tape termination method for automated fibre 
placement: Cutting characteristics and delamination suppression”, Composites Part A, 137, 106023 , 
2020. https://doi.org/10.1016/j.compositesa.2020.106023 

4. Czél G, Jalalvand M, Wisnom MR, “Hybrid specimens eliminating stress concentrations in tensile 
and compressive testing of unidirectional composites,” Compos. Part A Appl. Sci. Manuf., 91, 436–
447, 2016. http://dx.doi.org/10.1016/j.compositesa.2016.07.021 

5. Wisnom MR, “The Relationship Between Flexural and Tensile Strength of Unidirectional Carbon 
Fibre-Epoxy”, Journal of Composite Materials, 26(8), 1173-1180, 1992. 
https://doi.org/10.1177/002199839202600805 

6. Okabe T, Takeda N, Size effect on tensile strength of unidirectional CFRP composites - experiment 
and simulation, Composites Science and Technology, 62, 2053-2064, 2002. 
https://doi.org/10.1016/S0266-3538(02)00146-X 

7. Wisnom MR, Khan B, Hallett SR, “Size effects in unnotched tensile strength of unidirectional and 
quasi-isotropic carbon/epoxy composites”, Composite Structures 84, 21-28, 2008. 
http://dx.doi.org/10.1016/j.compstruct.2007.06.002 

8. Jalalvand M, Fotouhi M, Leong MC,  Wisnom MR, “A novel technique to accurately measure the 
fibre failure strain in composite laminates under a combined in-plane tension and shear stress 
state”, 21st International Conference on Composite Materials, Xian, China, 20-25 August 2017.  
http://www.iccm-central.org/Proceedings/ICCM21proceedings/papers/4014.pdf 

9. Rev T, Czél G, Wisnom MR, “A novel test method to induce bi-axial stress states in thin-ply carbon 
composites under combined longitudinal tension and transverse compression”. ASC 33rd Annual 
Technical Conference, Seattle, USA, 24-26 September 2018. 

 

https://www.bristol.ac.uk/media-library/sites/composites/documents/presentations/definition-of-strength.pdf
https://www.bristol.ac.uk/media-library/sites/composites/documents/presentations/definition-of-strength.pdf
https://www.sciencedirect.com/science/journal/01421123
https://www.sciencedirect.com/science/journal/01421123
https://www.sciencedirect.com/science/journal/01421123/85/supp/C
https://doi.org/10.1016/j.ijfatigue.2015.12.008
https://doi.org/10.1016/j.compositesa.2020.106023
http://dx.doi.org/10.1016/j.compositesa.2016.07.021
https://doi.org/10.1177%2F002199839202600805
https://doi.org/10.1016/S0266-3538(02)00146-X
http://dx.doi.org/10.1016/j.compstruct.2007.06.002
http://www.iccm-central.org/Proceedings/ICCM21proceedings/papers/4014.pdf

