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Abstract 

The main objective of this paper is to present three indicators to determine the fatigue limit of woven carbon-fiber 
epoxy-matrix laminates using the Self-Heating test method. The approach adopted in the self-heating methodology 
consists usually in plotting the heat transfer indicator values versus the maximum stress values. This plot is named 
the self-heating curve and from the profile of the self-heating curve, one can identify the fatigue limit. During the 
self-heating experiments, the temperature of the specimen increases with the number of applied cycles and then 
stabilizes after a certain number of cycles. In this study a novel “peak-temperature point” approach was identified as 
the most suitable methodology to determine the fatigue limit for a class of composite materials. The paper also 
sheds some light on how a suitable approach can be chosen to uphold the economic aspect of the self-heating 
methodology. The purpose of the present paper is to validate this approach for an impacted laminate.  
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1. Introduction 

CFRP structures have mostly replaced aluminium and steel, primarily due to their high strength and high stiffness 
to weight ratios, which are more than five times greater than conventional structural materials. Therefore, it is of 
utmost important for the scientific society to clearly understand the mechanical properties of these fibre reinforced 
composite materials, and especially the fatigue properties. CFRP composites are highly anisotropic and hence have 
complex failure mechanisms. Wöhler curves have been used to estimate the fatigue life of metals as well as 
composite materials [1-4]. The determination of the fatigue limit of materials is mostly time consuming and 
expensive. To have a quick determination of fatigue limit of materials, a quite new methodology named the Self-
Heating methodology was adopted by several researchers for metals [5-9] and composites [10-11]. This 
methodology has been proven successful in evaluating the fatigue limit of unidirectional and woven CFRP materials 
without any inherent flaws. The fatigue experiments based on the self-heating methodology take only a couple of 
hours (maximum of one day) in comparison to the conventional fatigue tests which takes months to produce results. 
This paper presents the different approaches that can be adopted in the self-heating methodology, such as the 
stabilisation approach, temperature slope approach and a novel “peak-point approach”, to determine the fatigue limit 
of woven carbon fibre epoxy matrix composites which has inherent flaws due to its manufacturing processes. The 
new approaches described in this paper have the potential to widen the scope of the self-heating methodology for 
evaluating the fatigue limit of CFRP materials with prior damage or flaws. The approaches proposed have been 
validated by comparing the results with the conventional fatigue tests (Wöhler curves) results. 

2. Self-Heating Methodology 

This methodology is based on the link between heating effects and damage mechanisms during fatigue loading. It 
consists of applying a loading sequence of cyclic blocks. These several blocks consist of fatigue loads cycled at a 
low frequency in order to prevent the influence of temperature on the dynamic response of the material. Similar to a 
conventional fatigue tests, here we can also force either the mean stress () parameter as a constant or the stress 
ratio () as a constant during the fatigue loading. After each block of cyclic loading, adequate resting time is 
provided so that the surface temperature of the specimen reaches the room temperature. This cancels the possibility 
of any carry over of temperature from the previous loading blocks on the successive blocks. An example of this 
methodology is represented on figure Fig. 1, where the mean stress is kept as constant during the entire duration of 
the test. During the fatigue cycling, the average surface temperature of the specimen increases with the number of 
applied cycles and is found to stabilize (attains thermal equilibrium) after a few cycles. The usual approach in self-
heating methodology is to record this mean stabilisation temperature or the stable-state temperature () per 
block as shown in figure Fig. 1, such as 	 and 	 corresponding to the loading blocks 4 and 5. 
These stabilised temperatures are then plotted versus the maximum stress amplitude in their corresponding loading 
blocks to obtain the self-heating curves. An analysis of this self-heating curve based on the dissipation mechanisms 
gives one the knowledge about the damage mechanisms which is used to determine the fatigue limit. 
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Fig. 1 Self-heating methodology [34] 

3. Experimentation 

3.1. Material Characterization 

Two types of Carbon fibre/Epoxy matrix laminates were prepared and were respectively named as laminates A 
and B. Laminates A were prepared using hand-layup technique by reinforcing 8 layers of plain woven carbon fabric 
(HCP 482, 480 gsm and 0.55 mm dry fabric thickness) in a hot curing epoxy resin matrix system (Araldite® LY 556 
/ Hardener HY 917). These were then cured at 80°C for 3 hours. Laminates B were prepared by vacuum bagging 
technique by stacking up 8 layers of plain woven carbon/epoxy prepregs (633-774gsm) and was cured at 120°C for 
3 hours. The woven Carbon fabric used for type B was Toray T700S and the epoxy resin was STRUCTIL R 367-
2N. Woven carbon fabric has been used in the preparation of the laminates since it has better fracture resistance 
properties in comparison to the unidirectional carbon fibre mats. Both type A and B laminates have the same 
stacking sequence: [0/90]8 and their volume fractions were respectively 0.45 and 0.8. The type A specimens had a 
end size of 250mm x 25mm x 4.5mm, which is the in accordance with the ASTM D3039 standards and type B 
specimens had a end size 250 mm x 20 mm x 2.6 mm. Though end tabs are not mandatory for tensile and tension-
tension fatigue testing of fabric composites, we still have used aluminium end tabs of 40 mm length for type A 
specimens and glass fibre reinforced epoxy (GFRP) end tabs of 50 mm length for type B specimens, so as to avoid 
any grip area failures or tab failures. 

3.2. Tensile and Fatigue tests 

The tensile and fatigue tests were conducted according to the ASTM D3039 standards for tensile testing and 
ASTM D3479 standards for tension-tension fatigue testing of polymer matrix composites. The tests were conducted 
on a servo-hydraulic Material Test System, (MTS-810) which had a maximum capacity of 100 kN and 10 Hz. The 
tensile tests were made in a displacement control mode at a rate of 2 mm/min; the constant stress amplitude fatigue 
tests (	  0.1 were made in a load control mode at a frequency of 5 Hz. The loading frequency of 5 Hz was 
chosen so that there will be any significant temperature variations during the test which could adversely affect the 
dynamic response of the material. That is the reason why the specimen temperature would remain independent of 
the cyclic rate. 
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