
International Journal of Automotive and Mechanical Engineering (IJAME) 

ISSN: 2229-8649 (Print); ISSN: 2180-1606 (Online); Volume 7, pp. 1023-1030, January-June 2013 

©Universiti Malaysia Pahang 

DOI: http://dx.doi.org/10.15282/ijame.7.2012.18.0083 

1023 

 

FINITE ELEMENT MODELING OF DELAMINATION PROCESS ON  

COMPOSITE LAMINATE USING COHESIVE ELEMENTS  
 

S. Huzni
1*

, Ilfan M.
1
, Sulaiman T.

1
, S. Fonna

1,2
, M.Ridha

1
 and A.K. Arifin

2
 

 
1
Department of Mechanical Engineering, Syiah Kuala University  

Jl. Tgk. Syech Abdurrauf No. 7 Darusalam – Banda Aceh 23111, Indonesia  

Phone/Fax.: +62-651-7428069 

*E-mail: syifaul@unsyiah.ac.id  
2
Department of Mechanical & Materials Engineering,  

Faculty of Engineering & Built Environment  

National University of Malaysia, Bangi, Selangor, Malaysia. 

 

ABSTRACT 

 

The implementation of cohesive elements for studying the delamination process in 

composite laminates is presented in this paper. The commercially available finite 

element software ABAQUS provides the cohesive element model used in this study. 

Cohesive elements with traction-separation laws consist of an initial linear elastic phase, 

followed by a linear softening that simulates the debonding of the interface after 

damage initiation is inserted at the interfaces between the laminas. Simulation results 

from two types of composite laminate specimen, i.e., a double cantilever beam and an 

L-shape, show that the delamination process on laminated composites begin with 

debonding phenomena. These results indicate that the implementation of cohesive 

elements in modeling the process of delamination in laminated composite materials, 

using the finite element method, has been successful. Cohesive elements are able to 

model the phenomenon of delamination in the specimens used in this study.  
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INTRODUCTION 

 

Laminated composites are one of the materials widely used for replacing metals in 

many engineering structures, such as spacecraft, aircraft, ship hulls, and sports 

equipment owing to their high specific stiffness, high strength, and low weight (Gürdal 

et al., 1999). Even though widely utilized, the potential and behavior of laminated 

composites are not fully exploited (Ibrahim  et al., 2012; Dechaene et al., 2002; Jeffrey 

et al., 2011; Adebisi et al., 2011). Thus, further investigation is required, especially 

related to failure mechanisms of composite laminates. Delamination is one of the most 

common failure modes that may occur between laminas subjected to transverse loading. 

Delamination occurs when the bonds between layers of the laminate fail due to 

debonding in the plane of the interface adhesion (Remmers and de Borst, 2001). The 

existence of delaminations can reduce the strength, stiffness, and load-bearing capacity 

of the laminate under compressive loads (Shan, 2007). Extensive research has been 

carried out on the delamination mechanism of composite laminates (Umar  et al., 2012; 

Saponara et al., 2002; Zou et al., 2002; Bachtiar  et al., 2010; Bhaskar and Sharief, 

2012; Elmarakbi et al., 2009; Wimmer et al., 2009; Hardinnawirda and SitiRabiatull 
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Aisha, 2012; Gözlüklü and Coker, 2012; Pajand et al., 2012). Detecting this type of 

damage is still a serious problem in composite structures. 

Numerical tools such as ABAQUS, which is based on the finite element method, 

have been widely used to study the delamination mechanism of composite laminates 

(Liu, 2012). ABAQUS provides a special element called the cohesive element that can 

be used to model crack initiation and propagation in laminated composite structures. A 

main advantage of the use of cohesive elements is the capability to predict both the 

onset and propagation of delamination without previous knowledge of the initial crack 

location (Temesgen and Anastasios, 2010). In this paper, the implementation of 

cohesive elements for studying the delamination process in laminated composites is 

presented. The delamination mechanism of two types of specimen, i.e., a double 

cantilever beam and an L-shape are discussed. The ability of cohesive elements, 

provided by the ABAQUS software, will be useful for further investigation on the 

delamination mechanisms of composite laminates. 

 

METHODS AND MATERIALS 

 

Model geometry 

 

Two types of specimen geometry are used is this study: a double cantilever beam 

(DCB), and an L-shape. Both specimen geometries were created using pre-processing 

facilities provided by the ABAQUS 6.10-1 software.  

 

Double Cantilever Beam 

 

The DCB is one of the most common specimens used to evaluate mode I interlaminar 

fracture in a composite laminate. The specimen is created by inserting an adhesive layer 

between two laminas. The size and geometry of each layer can be seen from Figure 1. 

The properties of the material used for the DCB specimen, adopted from Morais et al. 

(2000), can be seen in Table 1. The material properties were chosen in order to facilitate 

the implementation of a cohesive element for studying the mechanisms of delamination 

in composite laminates, not to examine the properties of certain materials under certain 

loading conditions. The binder layer, which is represented by the cohesive element in 

the finite element analysis, has the properties shown in Table 2. A traction-separation 

law, which consists of an initial linear elastic phase, followed by a linear softening that 

simulates the debonding of the interface after damage initiation, is utilized in the finite 

element cohesive model. Continuum shell elements with a size of 2.5 × 10
-3

 m were 

employed for the top layer and bottom layer, which is the representation of the laminas. 

The cohesive element with a size of 1.25 × 10
-3

 m is employed in the cohesive layer.  

 

Table 1. Properties of lamina (Morais et al., 2000). 

 

E11 E22=E33 ν12= ν13 ν23 G12=G13 G23 

150 GPa 11 GPa 0.25 0.45 6 GPa 3.7 GPa 
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Table 2. Properties of the cohesive element (Dávila et al., 2001). 

 

Double Cantilever Beam L-shape 
Kn = 1.1 × 10

15 
N/m

3 
Kn = 2.2 × 10

14 
N/m

3
 Nmax = 30 MPa Nmax = 30 Mpa 

Ks = 1.2 × 10
15 

N/m
3
 Ks = 2.4 × 10

14 
N/m

3 
Smax = 40 MPa Smax = 40 Mpa 

Kt = 0.74 × 10
15 

N/m
3
 Kt = 1.48 × 10

14 
N/m

3
 Tmax = 40 MPa Tmax = 40 MPa 

GIc = 268 J/m
2
  

 

  

 
 

Figure 1. Geometry and size of DCB specimen. 

 

L-shape 

 

This type of specimen is widely used to model complex shapes of a composite laminate 

structure. The sharp curved geometry of an L-shaped beam produces interlaminar 

opening stresses, which in turn lead to delamination under mixed loading conditions. In 

this study, nine layers were arranged to form an L-shaped composite laminate in the 

formation of lamina+binder+lamina+binder and so on, as shown in Figure 2. The 

material properties of the L-shaped laminas and cohesive elements used in this work can 

be seen in Tables 1 and 2. 

 

RESULTS AND DISCUSSION 

 

Double Cantilever Beam 

 

The openings phenomenon that occurs in the DCB specimen due to mode I loading can 

be seen in Figure 3. Both layers (top and bottom) part from each other and produce the 

crack mouth. A more detailed observation of the displacement contours of a cohesive 

layer indicates that the cracks initiated at the end of the cohesive layer, which is the 

crack tip. 
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Figure 2. L-shape size, geometry and boundary condition. 

 
 

 
 

Figure 3. Displacement of double cantilever beam. 
 

The evolution of the composite laminate delamination process of the DCB 

specimen can be seen through the load-displacement curve shown in Figure 4. The 

delamination process initiates at the crack tip of the DCB specimen. If the crack 

initiation continues as the load increases, the bond between the laminas with a cohesive 

layer will break. One of the criteria that could be used to predict the initiation of 

delamination in composite laminates is the quadratic failure criterion. This criterion 

states that delamination will occur if the quadratic failure criterion value is equal to 1. 
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Figure 4. Load-displacement curve of DCB specimen. 

 

The cohesive element model used in this simulation is shown to function 

properly. When the delamination process occurs continuously, the crack continues to 

propagate, as can be seen in Figure 5. The displacement contour in Figure 5 shows that 

the crack initiation occurs in some parts in the middle of the specimen. When the load is 

increased, then it is likely that the crack propagates at different speeds from one location 

to another in the field of the crack propagation. 

 

 
 

Figure 5. Crack propagation process on cohesive layer. 
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L-shape 

 

The stress distribution contour of the L-shaped specimen can be seen in Figure 6. This 

specimen comprises five layers of lamina and four layers of cohesive element arranged 

alternately to form the composite laminate structure. By applying the load in the 

direction perpendicular to the arm, as shown in Figure 2, mixed mode loading 

conditions occurs in the corner area of the L-shape. The combination of mode I and 

mode II leads to the initiation of delamination around the corner of the specimen, which 

will eventually cause cracking. 

 

 

 
 

Figure 6. Stress distribution contour on L-shaped specimen. 

 
 

Figure 7. Load-displacement curve. 
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The evolution of the composite laminate delamination process of the L-shaped 

specimen can be seen through the load-displacement curve shown in Figure 7. The 

delamination process initiates in the curvature area of the L-shaped specimen. If the 

crack initiation continues as the load increases, the bond between the laminas with a 

cohesive layer will break. These results are consistent with the results of research 

conducted by Wimmer et al. (2006), who used the Puck delamination criteria, which 

also showed that the delamination process initiates in the curvature area of the L-shaped 

specimen. 

 

CONCLUSIONS 

 

Modeling of delamination mechanisms in laminated composite materials using cohesive 

elements in the commercially available ABAQUS software has been successfully 

implemented. Cohesive elements with a traction-separation law have been used 

successfully to simulate the process of delamination initiation and crack propagation in 

double cantilever beam and L-shaped specimens. Simulation results on both specimens 

show that the delamination process begins with the debonding phenomenon. 
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