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Abstract 

This paper deals with numerical modelling of laminate composite plate delamination that consists of unidirectional fiber 

reinforced layers. The delamination may be a fundamental problem in design of composite structures. The first-order 

shear laminate plate theory and fracture and contact mechanics were adopted for the methodology. The sublaminate 

modelling and delamination modelling are described by the help of finite element analysis. The displacements, reaction 

forces in springs and energy release rate along the lamination front are computed in modelling of interface. The 

numerical results are presented for problems with delamination of the mixed mode by using of 2D finite element analysis 

in the commercial ANSYS software. Copyright © 2018 VBRI Press. 
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Introduction 

Fast development of composites materials, composite 

parts of structures and composite structures has 

provided the incentive for solution one of the most 

severe defects in such structures - delamination. The 

delamination may be caused by manufacturing 

imperfections, cracks produced by fatigue or low 

velocity impact, the stress concentration near hinges 

and free edges, or due to high interlaminar stresses. 

 The delamination can grow at the edge of 

interlaminar defects in laminates loaded in 

compression, due to a global or local buckling of layers 

[1]. In addition, the delamination can occur as a failure 

mechanism in rehabilitated structures resulting from 

interfacial defects between the repaired composite 

laminate made of layers reinforced by fibers and the 

existing concrete material system [2]. 

 A more efficient alternative of analysis for 

delamination is to use plate theory. The classical 

delamination models [3-5] consider the laminate as a 

composition of two plates in the cracked zone and of a 

unique plate in the undelaminated region. The classical 

delamination models [3-5] may provide an accurate 

estimate of the total energy release rate G. 

Unfortunately they are not able to accurately predict the 

individual energy release rates due to inaccurate 

description of the local peak crack tip strain state and to 

take  into account of shear deformations. As a result, 

the classic plate-based delamination models were 

improved by various methods. Delamination was 

modelled by accepting sublaminates controlled by 

transverse shear deformable laminate theory to obtain a 

reasonable approximation to the mode separation 

solution [6]. 

 Many recent works dealing with delamination are 

focused on the problem of correct modeling of 

delamination initiation and delamination growth. 

Iannucci [7] suggests the modeling technique of 

interface for explicit Finite Element Methods (FEM). 

The stress threshold for damage commencement 

together with the critical energy release rate for 

particular delamination mode is used in the technique 

based on fracture mechanics. The mathematical 

approaches based on variation methods and energy 

solution allow to develop numerical algorithms for the 

analysis of the crack propagation process at the 

interface using of Boundary Element Method (BEM) 

[8]. The modeling technique of interface was applied to 

a series of common delamination tests to demonstration 

the approach of superiority over standard stress-based 

failure criterion.  

 The work [9] aims to determine the properties of 

high density fiber reinforced polyethylene composites 

in two ways:  

- experimental analysis 

- finite element analysis 

Crack driving force 

In 1957 Irwin [10] adapted the Griffith’s model, for a 

purpose of technical practice. This new parameter was 

obtained by dividing of potential energy by the new 

crack area dA = tda, thus obtained parameter represents 

the energy needed for an incremental crack 

contribution. 
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where a is length of crack, t is thickness, u is relative 

displacement. 

 The relation (1) represents the elastic energy 

release rate (ERR) of the unit area of new crack. 

 Considering, the parameter G as a derivation of the 

energy, thus the parameter has a meaning of the force.  

For G is summarized the following notation 

 cGG da = 0     

 cGG  da 0         cGG forbidden.         (2) 

After the introduction of the function f(G) 

  cGGGf  .                                        (3) 

 It can be formulated loading and unloading 

condition in the form 

  ,Gf 0  da 0,  da  Gf = 0.           (4) 

 The process of the crack propagation driven by the 

ERR governs the flow of the crack propagation at the 

interface according to the relation 
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where the parameter  express the scalar damage 

variable.  

 

Numerical experiment – finite element analysis 

In the numerical experiment is assumed, that  

the laminate composite plate consists of two 

sublaminates with thickness h1, h2, both are assumed to 

the in-plane dimensions. Every sublaminate is created 

by the system of plate elements of first order shear 

deformable theory that are bonded by zero-thickness 

interfaces in the transverse direction. Every element of 

the plate represents one or several physical fiber 

reinforced plies with their arbitrarily oriented material 

axes. Adhesion between the plates inside each 

sublaminate is enforced by using restrictive  

equations implemented through Lagrangian multipliers. 

The finite plate elements of first order shear 

deformation theory are joined at the interfaces inside 

every sublaminate using restrictive equations or rigid 

links characterized by two nodes and three degrees of 

freedom in node.  

 Perfect adhesion is supposed in the undelaminated 

region. The sublaminates are free to deflect along of the 

delaminated region but cannot to penetrate to each 

other. The constitutive equation of the interface 

includes two stiffness parameters, kz, kxy, respectively, 

that we consider as the penalty parameters. The 

relationship between the traction vector   components 

and the corresponding components of relative interface 

displacement vector is given in [11, 12] 
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 Relative opening, sliding and tearing displacements 

are given as the difference between displacements at the 

interface, it means between the lower and upper 

sublaminate.  

 The problem of ERR computation may be solved 

locally by meaning of variables of interface, it means 

interlaminar stresses and relative variables. It is 

necessary to do the interconnection between the 

interface approach and fracture mechanics approach. 

The connection is determined in such way that the 

interface approach corresponds to the limit physical 

situation when the thickness of a thin adhesive layer 

tends to zero. By using the interface constitutive 

equation (6) to calculating of interlaminar stresses leads 

to the following overall ERR expression [13] 

  0,lim
2
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,
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where G is the local ERR function along the 

delamination front. 

 The delamination grows on the delamination front 

region, if the following condition (8) is satisfied 
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 The mixed mode fracture parameters α, β, γ are 

determined by fitting to experimental test results. 
C

III

C

II

C

I G,G,G  are the considered material properties, 

independent of their location along the delamination 

front. C

III

C

II

C

I G,G,G  are evaluated from experimental 

procedures. The eq. (7) is obtained from interface 

model and may be used with the finite element method 

for checking of crack propagation. The extent of the 

delamination area propagation may be established by 

releasing in which the expression (8) is first satisfied, 

leading to modification of the delamination front. The 

analysis of the delamination growth have to be 

computed iteratively. 

The separate components of ERR are computed by 

using  

 
tn

BB

z

A
I

wR
AG



 
2

1

        

 
tn

BBn

n

A

II

uR
AG






2

1

         

 
tn

BBt

t

A

III

uR
AG






2

1
                                          (9) 

where t

A

n

A

z

A R,R,R  are the spring element reactions of 

connecting node A in the thickness direction (z), normal 

(n) and tangential (t) to the delamination front.  

The relative displacements 
BBtBBnBB uuw
  ,,  in 

direction z, n, t are located between the nodes B and 

B immediately ahead of the delamination front along 
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its normal directions passing through A. 
t  and 

n  are 

the characteristic sizes of mesh in the directions (n) and 

(t) (Fig. 1). 
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Fig. 1. Plate scheme in the neighborhood of the delamination front. 

 

Results and discussion 

The proposed model is verified for the square laminate 

plate consists of two sublaminates (1-1 model).  

 The subplates have different thicknesses. The 

upper subplate has h1 = 0.5 mm, and lower subplate has 

h2 =1 mm. The subplates are affected by uniform load 

in each loading mode (Fig. 2). The plate geometry is 

seen from Fig. 3. The mechanical characteristics of the 

upper subplate (AS4D/9310) and the lower subplate 

(T300/5208) are shown in Table 1.   

Table 1. The mechanical characteristics of the subplates. 

 
upper subplate 
(AS4D/9310) 

lower subplate 
(T300/5208) 

Ex [GPa] 134 136 

Ey [GPa] 7.7 9.8 

Ez [GPa] 7.7 9.8 

Gyz [GPa] 2.76 5.2 

Gxy [GPa] 4.3 4.7 

Gxz [GPa] 4.3 4.7 

vxy 0.3 0.28 

vxz 0.3 0.28 

vyz 0.4 0.15 
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Fig. 2. Load modes I, II and III. 

 

L=20 mm 

 

Delamination front 

 L=20mm  

 

  a = L/2 

 

Fig. 3. Geometry of square plate. 

 The individual components of displacement vector 

for opening, shearing and tearing loading mode and 

response modes I, II and III for each load mode along 

the delamination front are plotted in Figs. 4, 5 and 6. 
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Fig. 4. Components of displacements through delamination front for 

load mode I. 
 
 

0 2 4 6 8 10 12 14 16 18 20
-8

-6

-4

-2

0

2

4

6

8
x 10

-5 Relative displacements along the delamination front

Delamination front [mm]

R
e
la

ti
v
e
 d

is
p
la

c
e
m

e
n
ts

 [
m

m
]

 

 

II/delta z

II/delta x

II/delta y

 
 
Fig. 5. Components of displacements through delamination front for 
load mode II. 
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Fig. 6. Components of displacements through delamination front for 

load mode III. 

 

 The individual components of spring reaction 

forces for opening, shearing and tearing loading mode 

and response modes I, II and III for each load mode 

along the delamination front are plotted in Figs. 7, 8 

and 9. 
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Fig. 7. Components of spring reaction forces through delamination 

front for load mode I. 
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Fig. 8. Components of spring reaction forces through delamination 
front for load mode II. 
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Fig. 9. Components of spring reaction forces through delamination 

front for load mode III. 

 
 The individual components of ERR for opening, 

shearing and tearing loading mode and response modes 

I, II and III for each load mode along the delamination 

front are plotted in Figs. 10, 11 and 12. 
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Fig. 10. Results of ERR components through delamination front for 

load mode I. 
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Fig. 11. Results of ERR components through delamination front for 

load mode II. 
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Fig. 12. Results of ERR components through delamination front for 

load mode III. 

 

 Two plates in the thickness direction were used to 

model the delamination of composite plate. The finite 

elements SHELL181 were used in the model. 

Projection on the plane of x-y with finite element 

meshing, assumed to be the same for the plate and 

interface models of delamination front. The meshing 

zone of 5x20 mm2 was centered with respect to the 

delamination front. The dimensions of plate and 

interface elements are 0.125 mm in the x-axis and 1 mm 

in the y-axis. In the z (opening load mode), x (sliding 

load mode) and y (tearing load mode) direction, the 

force of 1 N/mm is selected (Fig. 2). The interface 

elements required to connect the two subplates are 

realized by combining the two rigid links MPC 184, 

defined by two nodes with three degrees of freedom.  

 The front of the delamination was created by the 

COMBIN14 spring elements at each offset node of the 

front by three elements, and the offset nodes can be 

generated by rigid links. The interface was modeled by 

constrain equations (CE). Using CE in place of rigid 

links, three coincident nodes located on the lower 

surface of the plate for each mid-plane node of the 

upper plate model, are created. Similarly, it also 

applies to the opposite way. Three elements 

(COMBIN14) acting in a differ direction of translation. 

Under the mixed mode response conditions, a complete 

modeling of the interface elements was performed.  

The stiffness of the spring elements that bind the 

subplates is equal to 108 N/mm3.   

 

Conclusion  

An orthotropic model contains of two subplates loaded 

by opening, sliding and tearing mode was proposed as 

failure model. This model has been modeled in program 

ANSYS by shear deformation theory. The response 

mode of displacements, spring reaction forces and 

energy release rate components along the delamination 

front were calculated. 

 The maximum values of results have been on 

the free edges of the model, so delamination is 

expected to occur from the free edges. From  

Figs. 10, 11 and 12 can be seen the following: 

1. For opening load mode - the ERR I response mode 

is predominant and the modes II and III are 

negligible (Fig. 10). 

2. For sliding load mode - the ERR II response mode 

is predominant and the mode III is negligible  

(Fig. 11). 

3. For tearing load mode - the ERR III response mode 

is predominant and the modes I and II are 

negligible (Fig. 12) instead the free edges [14 - 19]. 
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