
 

 

 
Abstract—The purpose of this paper is to analyze numerically by 

the three-dimensional finite element method, using ABAQUS 
calculation code, the mechanical behavior of a unidirectional and 
multidirectional delaminated stratified composite under mechanical 
loading in Mode II. This study consists of the determination of the 
energy release rate G in mode II as well as the distribution of 
equivalent von Mises stresses along the damaged zone by varying 
several parameters such as the applied load and the delamination 
length. It allowed us to deduce that the high energy release rate 
favors delamination at the free edges of a stratified plate subjected to 
bending. 
 
Keywords—Delamination, energy release rate, finite element 

method, stratified composite. 

I. INTRODUCTION 

OMPOSITE materials, like any material, can degrade 
under the action of the load applied to them. This 

resource describes the physical phenomena corresponding to 
the mechanical deterioration of a composite part, from the first 
damage to the rupture. 

Laminates have a problem specific to laminated materials: 
inter-laminar fracture. This mechanism of rupture is 
characterized by a detachment or decohesion between the 
folds of the laminate [1]-[3]. It is commonly called 
"delamination". 

Originally, the fracture mechanism was developed for 
isotropic homogeneous materials. However, it is commonly 
used to characterize the delamination resistance of composite 
materials [4]. Mode I trials have been performed on 
composites since the 1960 [5]. For the delamination of 
composite materials, the analysis is mainly based on the linear 
elastic mechanism of the fracture adapted to anisotropic 
materials [6]. The damage is supposed to be confined in a 
rather small area compared to the other dimensions. This zone 
is limited in such a way that the macroscopic mechanical 
behavior remains linear [7]. In the literature, the concept of 
energy release rate is commonly used to characterize the 
delamination of composite laminates [6], [8], [5]. Resistance 
to delamination is measured in terms of GC associated with 
initiation and propagation of delamination [4]. 

In delamination analysis, we distinguish the birth phase of a 
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crack, the propagation phase of an established delamination. 
For the prediction of crack initiation at a free edge, edge 
elasticity calculation techniques [9]-[11], associated with 
mean-based criteria normal stresses over a characteristic 
distance from the edge of the structure [7] are generally used 
as a post-processor of an elastic calculation of a laminate. 

For the analysis of the propagation of an established 
delamination, Linear Mechanics of Breaking approaches are 
generally used. The calculation of the rate of energy restitution 
G and its comparison with a critical quantity Gc are used by 
many authors [12]-[14] for the study of the propagation of a 
crack. Therefore, the majority of work in delamination 
characterization is based on the assumption that the damage is 
confined to a small area relative to the other dimensions. This 
assumption is generally shared by all for purely unidirectional 
stacking, and the notion of a damaged area is therefore ignored 
in standards or standard protocols for determining the 
delamination toughness of unidirectional composite laminates 
[8], [15], [16], [5]. 

The case of mode I was previously treated in another work 
by Achache et al. [17]. They found that the delamination of 
the laminate composite in mode I depends on the intensity of 
the applied load and the surface of the damaged area. The rate 
of energy restitution is maximum in the middle of the width of 
the delaminated composite, and it is minimum at the two free 
ends of the laminated composite material, in particular at the 
level of the delamination line. 

Our study consists in numerically analyzing, using the finite 
element method and the ABAQUS calculation code [18], the 
variation of the energy restitution rate according to several 
parameters such as: the applied loads, the length of 
delamination and the type of loading, in mode II for a cross-
composite material 150 mm long, 20 mm wide, and a wide of 
2.6 mm thick. 

II. GEOMETRIC MODEL 

To better elucidate, the mode II delamination behavior of 
the stratified composite, the three-point bending of the same 
geometric model was studied (Fig. 1). 

The sample was stressed by a 3-point bending; the two ends 
of the plate along its length were laid on linear supports so that 
there would be only two degrees of freedom possible, a 
translation on the longitudinal axis (x), and a rotation along 
the axis of (y). 

The plate is subjected to a stress applied according to the 
width of the sample, and this varies from 10 MPa up to 20 
MPa. 

A delamination having a length of 55 mm was initiated 
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between the 3rd and 4th folds, this zone is characterized by a 
tension stress field, which promotes the sliding of the planes. 

The laminated composite material used in this study is a 
carbon/epoxy [3] and [5], whose mechanical properties are 
presented in Table I. 

 
TABLE I 

ORTHOTROPIC PROPERTIES OF A CARBON / EPOXY UNIDIRECTIONAL PLI 

Symbol Quantity SI unit 

E1 Longitudinal Young's modulus GPa 

E2 Transverse Young's modulus GPa 

E3 Transverse Young's modulus GPa 

ν12 Longitudinal Poisson’s coefficient  

ν23 Transverse Poisson’s coefficient  

ν31 Transverse Poisson’s coefficient  

G12 Longitudinal shear module GPa 

G23 Transverse shear module GPa 

G31 Transverse shear module GPa 

 

 

Fig. 1 Geometric model 

III. MESH 
In this numerical analysis by the finite element method, the 

plate is modeled by quadrilateral elements with eight nodes of 
iso-parametric type. 

 

 

Fig. 2 Mesh model 

IV. RESULTS 

A. Effect of Applied Stress 

1. Delaminated Length of 55 mm 

The rate of energy restitution is calculated numerically by 
the finite element method (FEM) at the delamination line. An 
increase in parameter GII is seen with increasing load. It is also 
noted that the values of the parameter GII are maximum at the 
free ends of the plate, and they begin to decrease to a 
minimum value in the middle of the delamination line. The 

shape of the curve clearly shows us that the distribution of the 
parameter GII on the delamination line represents a symmetry 
with respect to the center of the line of delamination. For a 
low load, the rate of energy restitution is almost constant along 
the line but there is a slight increase in the vicinity of the free 
ends of the plate. The growth rate of parameter G II increases 
as the applied stress is increased to reach a maximum 
corresponding to a stress equal to 20 MPa. It is found that the 
variation of the rate of energy restitution on the delamination 
line for the latter stress is visible, with a 6% increase on the 
free edges of the plate, compared to the values determined in 
the middle of the plate. 

 

 

Fig. 3 Distribution of G on the line delamination according to the 
loads, for a delamination of 55mm 

 
Fig. 4 represents the variation of the parameter GII as a 

function of the stress applied for the two positions P1 and P2 
on the delamination line. 

For the weak constraints, one notices that there is not a big 
difference in the variation of the parameter GII (one notes only 
a difference of 0.1 J/m2), which confirms that this last one is 
almost constant along the width of the plate for a stress of 10 
MPa. 

Note also that the increase of the parameter GII is more 
marked when the stress increases by 100%, therefore the rate 
of restitution of energy G increases by 95%. Note that the 
difference of the parameter GII between the two positions P1 
and P2 is of the order of 0.5 J/m2. 

 

 

Fig. 4 Evolution of G according to the stress applied for the two 
positions P1 and P2 

P2 

P1 
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2. Delaminated Length of 65 mm 

Fig. 5 represents the distribution of the energy release rate 
GII on the delamination line as a function of the stresses 
applied, for a peel length of 65 mm. 

It can be seen that the shape of the curve of the energy 
release rate GII is almost similar to that of the preceding 
figure, but with the same amplitude of the applied stress, 
higher values of the parameter GII are noted. This explains 
why the increase of the parameter G II is relative to the stress 
applied and to the delamination length. 

According to the results obtained, the maximum stress 
applied must not exceed 15 MPa to remain in the elastic range 
of the composite material. The equivalent stresses of Von 
Mises developed depend on the type of loading and the 
geometry of the laminate. 

 

 

Fig. 5 Distribution of G on the line delamination according to the 
loads, for a delamination of 65mm 

 
In Fig. 6, the evolution of the rate of energy restitution is 

shown as a function of the stresses applied for the two 
positions P1 and P2 with a delamination of 65 mm. 

The same observations are observed as in the previous 
figure, a small difference in the parameter GII, between the 
two positions for the small stresses applied, and a relatively 
high growth rate due to higher applied stresses. A difference 
between the constraints of 50% leads to an increase in the 
energy restitution rate higher than 100%. The difference of the 
parameter G between the two positions P1 and P2 is visible for 
a stress of 15 MPa. 

 

 

Fig. 6 Evolution of G according to the stress applied for the two 
positions P1 and P2 

V. CONCLUSION 

Three-dimensional finite element analysis (FEM) of the 
fracture behavior and stress field of laminated composites 
allows us to draw the following conclusions: 

The delamination of the stratified composite material in 
mode II depends on the intensity of the applied load and the 
surface of the damaged area. 

The values of the energy release rate are maximum at the 
two free ends of the laminated composite material, more 
precisely at the level of the delamination line, and they are 
minimum in the middle of the width of the plate. 

The propagation of the delamination depends on the 
amplitude of the stress applied and the surface of the 
delamination zone. 

In a composite plate subjected to bending, the delamination 
is favorable to appear in the free edges of the plate following 
the high level of the rate of energy restitution (geometric 
discontinuity). 
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