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Abstract
Mechanical properties of composite materials are a function of fiber volume fraction. Based on the existing micromechani-
cal models, the in-plane shear strength of these materials is decreased as their fiber volume fraction is increased. However, 
their compressive strength is initially increased and then it is dropped as the fiber content increases. The fiber content in the 
composite of maximum compressive strength was referred to as the optimum fiber volume fraction. Experiments performed 
in this study revealed that in-plane shear strength variation versus fiber volume fraction was to some extent similar to that 
of compressive strength. Moreover, different optimum fiber volume fractions for in-plane shear strength and compressive 
strength were observed. Consideration of both in-plane shear strength and the compressive strength in combined loading 
was proposed to find the optimum fiber volume fraction. The modified Hashin failure criterion by Lessard was employed 
to relate the longitudinal and transverse compressive stress and strength to in-plane shear stress and strength. A safe region 
predicted by this failure criterion was represented by plotting longitudinal compressive and in-plane shear stress relation 
for different fiber contents. The fiber content corresponding to the maximum safe region was introduced as the optimum 
fiber volume fraction. Axial compressive and in-plane shear tests were conducted for obtaining the variation of longitudinal 
compressive and in-plane shear strengths with fiber volume fraction. To identify the capability of the model for multi-axial 
state of stress, a unidirectional off-axis test was also performed. The test results on the unidirectional and off-axis composite 
specimens confirmed the predictions by the theoretical model.
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Introduction

Composite materials because of their high strength and low 
weight are widely used in various industries. Considering 
the dependence of their strength on fiber volume fraction, 
determination of this parameter is critical in the design 
process.

Fiber volume fraction has a remarkable effect on mechan-
ical properties of composites. The main goal of this study 
is to determine the optimum fiber volume fraction in which 
the maximum strength can be obtained. Based on the knowl-
edge of the authors of this article, there is no report in the 

literature concerning the optimum fiber volume fraction for 
the continuous fiber composites.

In the past 30 years, micromechanical studies presented 
equations for predicting the strength of composite materials 
[1]. Chamis [2] demonstrated a group of categorized micro-
mechanical equations for predicting the tensile, compres-
sive, shear and bending strengths of composite materials. 
A model for predicting the mode of transverse tensile fail-
ure due to Poisson’s strains is presented by Agarwal et al. 
[3]. Karayaka et al. [4] investigated the effect of fiber vol-
ume fraction and misalignment of fibers, and the strength 
of matrix on the longitudinal compressive strength. It was 
indicated that temperature has a remarkable influence on 
the compressive strength failure. The experimental results 
revealed that two modes of failure occur at different tem-
peratures, i.e. the transverse shear failure at 100 °C and 
wrinkling failure at above 100 °C which is likely due to the 
strength loss for the matrix by increasing the temperature. 
They performed a tensorial analysis to study the variation of 

 * Mahmood Mehrdad Shokrieh
Shokrieh@iust.ac.ir

1 Composites Research Laboratory, Center of Excellence 
in Experimental Solid Mechanics and Dynamics, School 
of Mechanical Engineering, Iran University of Science 
and Technology, Tehran 16846-13114, Iran

https://link.springer.com/article/10.1007/s13726-018-0676-8

http://orcid.org/0000-0003-0858-5691
http://crossmark.crossref.org/dialog/?doi=10.1007/s13726-018-0676-8&domain=pdf

