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a b s t r a c t

An algorithm for the automatic generation of 2D representative volume element (RVE) of unidirectional
long-fiber-reinforced composites (LFRCs) is presented in this paper. Both high fiber volume fraction and
random fiber distribution are considered in the RVE. Two procedures which are named as global criss-
crossing and local disturbing are included in this algorithm. Based on the model generated, mesomechan-
ical analysis is carried out by using general finite element method (FEM) software ABAQUS. Firstly, the
effect of the randomness of fiber distribution on the transverse modulus is investigated. Secondly, user
subroutine to redefine field variables at a material point (USDFLD) in ABAQUS is used to simulate the
damage behavior. A series of computational experiments are performed to evaluate the influence of mesh
size on the ultimate load of the composites. The obtained results prove that the algorithm is capable of
capturing the random distribution nature of these materials and the RVE produced could be used for pre-
dicting the damage onset and propagation of LFRCs.
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1. Introduction

Amount of efforts have been devoted toward the use of light-
weight structures in order to increase energy efficiencies in various
industries [1–4]. Fiber-reinforced composites used in these struc-
tures have been found numerous applications in aerospace indus-
try for their high specific strength and specific stiffness [5]. The
increasing use of these materials in the industries requires efficient
technologies to predict the mechanical behaviors of such compos-
ites from the properties of their constituents. Traditionally, full-
experiment method is used to confirm the characters of composite
materials. In fact, this method needs a considerable amount of hu-
man and financial resources. Recent research, based on mesome-
chanics, could satisfy the requirement of decreasing the
dependency on experimental work. For instance, the use of new
numerical and/or analytical technologies provides a quick and
helpful way to establish the basis of composites research. In order
to analyze the mechanical behaviors and properties of composites,
taking into account their microstructures, an appropriate RVE
model of composites should be defined firstly.

Many methods have been developed for the generation of RVE
models of composites. Pyrz [6] produced a RVE using the Poisson
point distribution, where the points are the centers of fibers. This
is called the hard-core model. However, Buryachenko et al. [7]

found that this method hardly generates distributions with fiber
volume fraction larger than 50%. This phenomenon is called as
‘‘Jamming” [8]. Recently, Böhm and Rammerstorfer [9], Wongsto
and Li [10] and Gusev et al. [11] presented a scheme for the gener-
ation of fiber distribution with high fiber volume fraction by dis-
turbing an initially regular fiber distribution randomly. Melro
et al. [12] developed a model which can generate random distribu-
tion cross-section model with high fiber volume fraction. Addition-
ally, image processing and reconstruction method [13] can give a
good reflect of the material microstructure, though it requires spe-
cific software and hardware, meanwhile it would be extremely
time and resource consuming.

In this paper, an algorithm and program code for the automatic
generation of 2D RVE model of unidirectional LFRC is presented.
Meanwhile, both high fiber volume fraction and random fiber dis-
tribution are considered in the RVE. The fibers in the transverse
cross-section are generated by moving them from their initially
square arrangement randomly. Additionally, a series of mesome-
chanical analytical experiments on the RVE are performed to study
the elastic and damage properties of the LFRC microstructure.

2. Procedure to generate RVE

In this section, a two-step procedure is illustrated for the auto-
matic generation of RVE models with random distribution of fibers
(see Fig. 1). These models could be used for LFRC mesomechanical
analysis. The program code is developed in Python language. Then
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