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Abstract. The paper deals with dynamic tensile tests on Carbon Fibre Reinforced Polymer – CFRP 

laminates. As a result of their viscoelastic nature, plastics exhibit rate dependence in their stress-

strain response. The need to develop failure criteria to determine the dynamic failure stress for 

composite material under dynamic loading conditions is a current challenge for the research 

community. The main goal of such paper is to assess the efficiency of the analytical models 

provided by literature to predict the strain-rate effects on composite coupons tensile strength. 

Moreover, experimental tests have been performed in order to evaluate the mechanical behaviour of 

different stacking sequences at different strain rate.  

Introduction 

CFRP is a high strength and lightweight material widely used in the transport field. Many of the 

structural applications in which they are used require a high strength to dynamic loading conditions 

[1, 2]. For example, aircraft structure should withstand to in-service high velocity impacts, which 

could be addressed to bird strike or hail impacts. 

Whilst the strain rates effect on conventional materials has been widely investigated and several 

established models can be found in literature, for composite materials any law has been still 

recognized by the research community as really effective to describe this phenomenon. 

The most of the predicting models presented in literature, in fact, are empirical/semi-empirical 

equations able to model the phenomenon for a specific test case. Thus, the main attempt for the 

research community is to develop a general-purpose constitutive law able to model the variability in 

material properties due to high strain rates. The main goal of such paper is to assess the efficiency of 

the analytical models available in literature in predicting the strain-rate effects onto the tensile 

strength values for composite coupons. The investigated predicting models have been assessed against 

experimental tests provided within such work. In more detail, dynamic tensile tests, carried out by 

means of an hydro-pneumatic tensile test machine, have been performed on three types of CFRP 

coupons with stacking sequence respectively equal to [906], [0,90,45,-45,0,90]s and [45,-45,0,90,45,-

45]s and made of 8552/34%/UD158/AS4-12K laminae. For each staking sequence two different strain rate 

levels have been considered: 100 s-1 and 200 s-1, in addition to static tests. The experimental test campaign 

have been performed in CIRA (Italian Aerospace Research Centre). 

State of the Art 

Among the several attempts proposed by the literature to describe strain rate effects of composite 

materials, the first strategy adopted by researchers consisted in considering the constitutive laws 

applied for metallic materials. 



 
 

 

Cowper-Symonds law [3], for example, has been considered to model composite laminate tensile and 

compressive strengths variation under high strain rates. According to such model, the dynamic 

tensile/compressive strength, σ�, corresponding to the generic strain rate, ε� , is given by Eq. 1: 
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where, σs is the tensile strength achieved under quasi-static loading conditions and D and q are 

two parameters carried out by analysing results from experimental tests. In particular, D is 

calculated as the strain rate value, ε� , which produces a dynamic stress, σd, twice of the static one, σs. 

The parameter q ranges between 4 and 5 for conventional materials and it might assume values also 

lower than one [4] for composite laminates under tensile loading conditions.  

Other authors, as for example Yen-Caiazzo [5, 6], attempted developing predicting specific laws 

for composite materials. According to Yen-Caiazzo law, the dynamic stress, σd, is given by Eq. 2: 

 

σ� = σ�β ln
ε�
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where, β is a parameter carried out from experimental tests and ε�� is the reference strain rate (1 s-1).  

Zhang et al. [7] proposed some empirical laws able to fit their own experimental results from tests 

onto woven unidirectional carbon fibre fabric [7]. 

 

σ� = σ�(0.012 ∗ log ε�)       ε� ≤ 50	 !"              (3.a) 

σ� = σ�(0.445 ∗ log ε�)        ε� > 50	 !"              (3.b) 

 

The same authors provided also other empirical constitutive laws able to fit the experimental 

results from tests on carbon fibres, without epoxy resin impregnation (Eq.4). 

 

σ� = σ%	(0.0001 ∗ log ε� + 1.003)     ε� ≤ 50	 !"              (4.a) 

σ� = σ%	(1.095 ∗ log ε� − 0.857)       ε� > 50	 !"              (4.b) 

 

Other authors, such as Al Zubaidi et al. [8], attempted to develop a constitutive law fitting 

experimental results from tests on un-impregnated carbon fibres. The proposed constitutive law is 

expressed by Eq. 5. 

 

σ� = σ�	(1 + 4.496 ∗ 10!, ∗ ε�".-./)                           (5.b) 

 

However, Eq. 3, 4 and 5 can be considered only for the specific test cases for which they have 

been pulled out 

Analytical-experimental correlation 

In order to check the efficiency of the constitutive laws reported in Section 2, they have been 

assessed against experimental results proposed by the literature. The first assessment process has 

been performed by using experimental results presented by Zhang et al. in [7]. The authors 

investigated on the unidirectional tensile properties of CFRP (SikaWrap®-230C) and epoxy resin 

(Sikadur®-330) laminates under a wide range of strain rates. Experimental results are provided in 

terms of tensile failure stresses. According to Fig. 1.a, it can be found out that Cowper Simonds law 

fits properly the experimental results trend achieved by Zhang’s campaign; D and q parameters 

have been set equal to 16448 and 3.6, respectively. Contrary to Cowper Simonds law, Yen-Caiazzo 

one does not seem fitting properly the experimental results; here, β parameter has been set equal to 

0.031. Concerning Zhang law, a good agreement between experimental and analytical results is 



 
 

 

shown, where, it must be highlighted that such law has been carried out exactly by using such 

experimental campaign. 

As next step, the effectiveness of all the aforementioned laws has been also assessed against the 

experimental campaign provided by Chen et al. [4] onto specimens made of CFRP material with 

T300-1K fibres made by Nippon Toray Corporation in 0/90 woven configuration and epoxy 

BA9916 resin. According to Fig. 1.b, a good agreement between the experimental results and 

Cowper Symonds law has been achieved by setting D and q parameters equal to 310 and 0.61, 

respectively. The other curves do not seem fitting properly the experimental results. 

 

  
Figure 1: Constitutive laws against Zhang [7] (a) and Chen [4] (b) experimental tests. 

 

Moreover, the constitutive laws have been also assessed against the experimental tests performed 

by Zhang et al. onto un-impregnated fibres [7]. According to Fig. 2.a, Cowper Simonds law appears 

to be the best one fitting the experimental results. The D and q parameters have been set equal to 

252 and 0.87, respectively. Also Zhang law matches very well against the experimental results, but 

it must be noticed that it is an empirical law achieved by such experimental campaign. 

Concerning the experimental results shown in Fig. 2.b, they have been presented by Al Zubaidy et 

al. in [8]. The authors in their work investigated on the strain rate effects involving unidirectional 

CF130 fibres. According to Fig. 2.b, it can be found out that Al Zubaidy law fits properly the 

experimental results; however, as well as Zhang one, it is the empirical law related to such 

experimental results. 

 

  
Figure 2: Constitutive laws against Zhang [7] (a) and Al Zubaidy [8] (b) experimental tests. 

 

For what concern the other laws, a good agreement has been achieved between experimental results 

and Cowper Symonds law, by setting D and q parameters equal to 216 and 0.92, respectively, whilst 

Zhang law does match test results. According to all presented figures, the curves fitting the 

experimental data have been carried out within such work either as polynomial (Fig. 1.a) or 

exponential (Fig. 1.b, 2.a and 2.b) regression. As a result, Cowper Simonds law appears to be the 

best law fitting the several investigated experimental tests. Hence, it has been also assessed against the 

(a) (b) 
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experimental test campaign carried out in CIRA. (Fig. 3). It is possible to note from Fig. 3, that the results 

obtained using the Cowper Symonds law and the experimental results are in good agreement. 

 
Figure 3: Cowper Symonds assessment against own experimental tests. 

 

In this case the parameters D and q have been set respectively equal to 610 and 0.88 for layup 

[906], 1400 and 0.965 for layup [0,90,45,-45,0,90]s, 1980 and 1.017 for layup [45,-45,0,90,45,-45]s. 

Conclusions 

As a result of such work, it can be asserted that Cowper Simonds law is an efficient law to model the 

strain rate effects for composite materials. The tuning phase, as well as for conventional materials, can 

be carried out easily by setting D parameter as the strain rate value which produces a dynamic stress 

twice of the static one, whilst, q parameter can assume different values according to the experimental 

results trend. In particular regarding the q parameter, a good correlation has been obtained considering 

values lower than 1, when the trend of experimental results can be expressed by means of an 

exponential law, and considering values bigger than 3, when the trend of experimental results can be 

expressed by a power law. 
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