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1 Introduction 
The compression strength of uni-directional composite materials is a key parameter designing the load 
carrying laminates of large wind turbine blade. In contrast to the tensile strength which essentially are 
controlled by the strength of the fiber material, the compression strength are for a great deal controlled 
by a mechanical interaction of the fiber misalignment and the mechanical performance of the matrix 
material [1]. Based on experimentally obtained properties of the fiber and the matrix material, the 
compression strength is numerical predicted using a finite element implementation [2] of a non-linear 
composite material law [3]. Using matrix properties obtained at different temperatures, a large 
dependency of the composite compression strength on the matrix behavior are predicted. Predictions 
which have been experimentally validated performing compression test at different temperatures. In 
addition suggesting mechanical improvement of the matrix material, the finite element predictions can 
also be used designing better test strategies for experimental characterization of the compression 
strength of uni-directional composites. Strategies lowering the influence of the through the grips 
introduced shear loading on the measured compressive strength values.  
 

2 The properties of the constituents 
During the presented study, the fiber material has been varied by considering three different fiber 
material systems, a standard E-glass fiber, a high-module H-glass fiber and a low cost carbon fiber. All 
three fiber materials are of technical relevance used as the load carrying laminate in wind turbine 
blades. As matrix material, only one type of epoxy are considered but here the influence using 
different matrix materials are mimic performing the test at two different temperatures, at room 
temperature at 23 C and at 50 C .  
 
For all material systems, the mechanical properties of the fiber and matrix material has individually 
been measured in tension and compared with the corresponding measured properties of the uni-
directional composite material. In addition, the composite has also been tested in compression. In 
order to take into account the variation of the fiber diameters during the single fiber tensile test 
measurements, the test has been performed on an automatic single-fiber linear-density and tensile 
test machine [4]. The tensile test of the matrix and composite materials has been performed using 
standard test samples following the iso-standard [5], while the compression test of the composite is 
performed using an in the house developed mechanical combined loading compression test fixture [6].  
 
The stress versus strain curve for the glass fibers in tension and the corresponding composite in both 
tension and compression are found to be rather linear. In addition, due to a high fiber stiffness 
compared to the stiffness of the epoxy matrix material, the stiffness of the composite is found to be 
well predicted from the fiber properties together with a measured fiber volume fraction of the specific 
composite. On the other hand, the carbon fibers in tension and the carbon fiber composite in both 
tension and compression is found to be significant non-linear havening an increasing stiffness in 
tension and a continuous decreasing stiffness in compression. Nevertheless, taken the non-linearity 
into account a good agreement in tension and reliable fiber properties prediction in compression has 
been performed. The mechanical properties of the matrix material has been found to be significant 
influence of the temperature resulting in a decrease of the initial material stiffness from 3.2GPa to 
2.6GPa and the ultimate stress from 79MPa to 51MPa when the temperature is increased from 
23 C to 50 C . 
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3 Predicting the compression strength 
A kink-band model [2] is used predicting the compression strength of the uni-directional composite 
using the measured properties for the constituents as described above. The fiber misalignment 
variation in the model is an idealized version of the one in the real composite. Nevertheless, 
performing the test at different temperature but on test samples taken from the same laminate it is 
possible changing the mechanical behavior of the matrix material without changing other parameters 
in the composite such as the fiber misalignment. In addition, it is expected that the temperature range 
studied will not have any influence on the mechanical behavior of the fiber material. Based on the 
kink-band model, it is predicted that the compression strength for the composites studied will drop with 
27-34% for fiber misalignment in the range of max [2 ;5 ]φ ∈    where the last compression strength drop 
is found for the stiff carbon fiber composites and for the large fiber misalignment angle. The predicted 
compressive strength drop with an increased temperature is supported by experimental 
measurements. On the other hand, only a small influence on the predicted and measured 
compression strength is observed comparing the carbon fiber composite with the glass fiber 
composite with similar fiber misalignments. 
 

4 Conclusiones 
Comparing measurements from mechanical compression test of composite materials performed at 
different temperature it is possible to mimic the influence of the mechanical properties of the matrix 
material keeping all other parameters constant. In the present study a strength drop on approximately 
30% when increasing the temperature from 23 C to 50 C  is observed. A strength drop rather 
independent on the fiber misalignment and the fiber type for the investigate cases. The corresponding 
strength drop in tension of the neat epoxy resin is measured to be 35%.  
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