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Abstract 
In this paper, the fibre fragmentation evolution of single glass fibre/matrix composites is studied by using 
single fibre fragmentation test (SFFT). A special fibre placement device was designed to so that the single 
fibres are able to located axially in the specimens. A stress strain curve and fibre break evolution of the 
single glass fibre/matrix composite were discussed.  

Introduction 
In the fibre-reinforced matrix composite, interface transfers stress from the matrix to the fibre. To a great extent,  
it determines composite properties and failure performances of the composite. In the previous studies, 
interfacial shear strength (IFSS), is regarded as the most critical property to estimate interface quality and, 
experimental methods have been developed to investigate the IFSS between a single fibre and matrix. The 
SFFT which is firstly introduced by Kelly and Tyson in 1965 [1], is one of the most popular methods as its 
availability of determination of interface properties in-situ . With a single fibre aligned axially inside, a dog-bone 
shaped specimen is loaded in tension during the SFFT, results in fibre breaks into small fragments. The 
number of fibre break, break coordinates, as well as the failure stress and strain are recorded to calculate the 
IFSS as a equilibrium equation from a fibre/matrix composite free body: 
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where 𝜏! is the IFSS, r is the fibre radius, 𝑑𝜎 is the fibre axial stress and 𝑑𝑦 is the fibre length. 
 
Theoretical models [2–5] have been introduced to investigate Eq.1. Nevertheless, it is found that results of 
those models, such as distributions of fibre axial shear stress and interfacial shear stress, can be quite different 
as they are strongly related to assumptions made for the models. To overcome this issue, a novel approach 
based on finite element simulation of the SFFT is considered as a way to study interfacial properties by back-
calculating IFSS from SFFT experimental results. In the present work, the SFFT is proposed to obtain key 
results, incorporating with which the IFFS can be extracted via numerical simulation.  

Experiment 
In this study, fibre/matrix specimens (See Fig.1) were prepared with glass fibres and a fast curing epoxy 
system. The glass fibre was provided by Johns Manville and was used as received. To make sure the single 
fibre is embedded axially in the specimen, a special fibre placement device has been designed as shown in 
Fig.2. Two fibre channel blocks were carefully positioned and glued on the stages. A single glass fibre was 
then laid in the central channel of the blocks and tensiled with a 10g weight at both ends. Afterwards, the 
gaps between the two pieces half mould were be filled with some rapid adhesive. The well mixed epoxy was 
gently poured into the mould when the gaps were fully blocked. After being cured for 24 hours with room 
temperature, the device was heated with 50°C for 1 hour in an oven. Then it was cured with room 
temperature again. The full cure time is roughly three days. 

                             
Figure.1 Dimensional details of the single fibre/matrix                  Figure.2 Schematics of the fibre placement     
specimen.                                                                                        device. 
 



 

All specimens were well polished and their gauge lengths were marked. A LabVIEW program was used in the 
SFFT to control the procedure: the specimens were loaded with a 0.1mm deformation for one step, and the 
deformation speed was set as 0.2mm/min so it took approximately 30 s for each step to be finished. Between 
two steps a 8 min dwell was designed to allow a camera scanned the gauge length of the specimen. In the 
post-process stage, the images were stitched in order so that results, such as number of fibre breaks, can be 
obtained. Loading did not stop until it reached a saturation point that the fibre fragmentation would not break 
anymore. Loads and extension were recorded throughout the test by a Deben tester system. 
 
Experimental Results 
The images captured during the SFFT play a significant role since they show evolution of fibre fragmentation, 
and give number of fibre breaks, fibre beak coordinates and fibre fragmentation lengths. The stitched images 
of fibre breaks in the last step are shown in Fig.3. A typical stress strain curve is given in Fig.4 that the 
deformation increased 3.1mm in 31 steps. It shows a decrease in stress after each step which is a result of 
relaxation of stress in the matrix.	To analysis single glass fibre fragmentation process, the number of fibre 
breaks of the same specimen is plotted as in Fig.5. Thraner et al.[6] found that the reasonable glass fibre 
failure is around 2%, it can be seen that the breaking evolution began near a strain of 3.5% and increased 
straightforward to a strain of 5.7%. This might be caused by some debonding existed before the first fibre 
break.  

 

                                        

Figure.3 A typical fibre break along the single glass fibre in the SFFT. 

                                     
Figure.4 Stress strain curve for a specimen.                                Figure.5 Number of fibre break versus strain. 
Conclusion and Future Work 
In this paper, specimen preparation and test procedure are described. Following the study into the SFFT, a an 
experiment-based cohesive finite element model will be built to mimic the SFFT as closely as possible, from 
which the interfacial shear strength can be extracted. 
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