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Abstract 

A lot of research work on geometrical, material and 
loading factors’ influence on composite tubular structures 
behaviour under crash conditions has been undertaken. 
Most of these works have dealt with tubular structures 
subjected to compressive loads, which can induce local 
buckling phenomena. Under these conditions only a small 
amount of material is degraded resulting in a small energy 
dissipation level in a non-controlled way. The tests 
proposed in this communication allow measuring the 
crashworthiness of tubular structures for the automotive 
industry subjected to different contour conditions. Three 
different initiator plugs have been proposed to carry out 
the compression tests: flat, conical and radial ones and 
tests at different strain rates have been performed. For the 
selected initiators dimensions, no influence of the strain 
rate on the dissipative behaviour of compressed carbon-
epoxy 0/90 tubes has been observed. 
 
1. Introduction 

Composite structures have been widely used to produce 
energy dissipation during a crash [1-3]. Energy is 
dissipated through damage mechanisms that include intra-
laminar failure (fibre and matrix rupture) and inter-
laminar failure (delamination). There are several 
numerical approaches to predict the complex damage 
behaviour of composites, like Hashin’s damage initiation 
and degradation model [4]; nevertheless, the information 
needed to feed these models in a reliable way is often 
difficult to get through non standard tests carried out at 
conditions different from the ones that happen in real life 
(i.e. quasi static tests for feeding crash models). 
The most common way of dissipating high amounts of 
energy is to subject the structure to a compressive load 
high enough to produce the crushing of the structure [5-
8]. Different configurations of tubular structures [9-13] or 
tests [14-15] have also been studied in order to obtain 
higher energy dissipation. In some cases, the goal can be 

to get the energy dissipation in a more controlled way. 
One of these test configurations consists in the use of 
different shape plug initiators like radius or cone shaped 
plugs. 
Most of these experimental works are carried out in quasi-
static conditions, but most of the real life applications of 
energy dissipation structures occur at impact velocities 
and/or energies. The dependence of energy dissipation 
capabilities on strain rate has been reported in a few 
works, as for example in [16], where rectangular section 
3D braided E-glass/epoxy composites have been crushed 
at different strain rates, showing a clear higher energy 
absorption capability as strain rate increases. 
The aim of this work is to develop an experimental test 
methodology that will allow testing tubular composite 
structures at different strain rates (from quasi-static to low 
velocity impact) and different boundary conditions (with 
different shape plug initiators). The objective is to be able 
to get information about the material damage behaviour in 
different conditions that will allow validating existing 
damage initiation and degradation models. In this 
communication only the preliminary results of this work 
are shown. 

 
2. Material and experimental test 

2.1. Material 

Tubular structures of two different materials have been 
used in this study. In the first step, with the aim of 
optimizing the testing equipment and plug initiators, a 
commercial non reinforced PVC straight pipe with an 
outer diameter of 40 mm and 3.2 mm thickness has been 
used. Specimens were cut at lengths of 40, 60 and 80 mm. 
Testing tools with different geometries have been built for 
analyzing their influence on the crushing behaviour of the 
PVC pipes. 
 
The second structure has been a commercial pultruded 
unidirectional carbon fibre composite pipe, with an outer 
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In Figs. 7-9 the force-displacement curves of tests 
performed on 0/90 carbon-epoxy composite samples are 
shown. In this case no influence of the strain rate in the 
elastic modulus is detected. Only a slight reduction of the 
peak force can be seen as strain rate increases. The energy 
dissipation is smaller for higher strain rates. This can be 
associated to the fact that the conical and radial initiator 
dimensions are not optimized for this material; large 
longitudinal cracks are produced without maximizing the 
material degradation as in flat plate configuration.  
 

 
Figure 7: Force-displacement curves for different strain 

rates in 0/90 composite samples in flat plate 
configuration. 

 

 
 

Figure 8: Force-displacement curves for different strain 
rates in 0/90 composite samples with a conical initiator. 

 
 

Figure 9: Force-displacement curves for different strain 
rates in 0/90 composite samples with a conical initiator. 

 
4. Conclusions and future work 
 
In this study different crashworthiness compressive tests 
have been proposed. The tests have been set up by tubular 
PVC samples. These tests allow measuring the 
crashworthiness of tubular structures subjected to 
different contour conditions. Three different initiator 
plugs have been proposed to carry out the compression 
tests: Flat, conical and radial ones and tests at different 
strain rates have been performed. Carbon-epoxy 
unidirectional and 0/90 composites have been tested 
under these conditions. For the selected initiators 
dimensions, no influence of the strain rate on the 
dissipative behaviour of compressed carbon-epoxy 0/90 
tubes has been observed.  
 
As a future work to be done it is proposed to modify the 
geometry and dimensions of the initiator plugs to produce 
more severe conditions in the material, in order to reach 
and overcome the energy dissipated in flat plate 
configuration. 
 
Also a larger strain rate range will be studied to analyze 
its influence on the behaviour of composites under 
different initiator plugged compression tests. The final 
objective is to reach impact conditions in these tests.  
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