
Accepted Manuscript

A nonlinear cohesive model for mixed-mode delamination of composite lami‐

nates

P.F. Liu, M.M. Islam

PII: S0263-8223(13)00269-9

DOI: http://dx.doi.org/10.1016/j.compstruct.2013.05.049

Reference: COST 5194

To appear in: Composite Structures

Please cite this article as: Liu, P.F., Islam, M.M., A nonlinear cohesive model for mixed-mode delamination of

composite laminates, Composite Structures (2013), doi: http://dx.doi.org/10.1016/j.compstruct.2013.05.049

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.compstruct.2013.05.049
http://dx.doi.org/http://dx.doi.org/10.1016/j.compstruct.2013.05.049


  

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

A nonlinear cohesive model for mixed-mode 

delamination of composite laminates 

 

P.F.Liu 
a,b,*

, M.M.Islam 
a
 

a. Department of Civil and Environmental Engineering, Princeton University, Princeton 

NJ 08544, USA 

b. Institute of Chemical Machinery and Process Equipment, Zhejiang University, Hangzhou 

310027, China 

* Corresponding author. Tel.: +01(609)258 1619 

E-mail address: pengfei@princeton.edu and pfliu@zju.edu.cn (P.F.Liu) 

_______________________________________________________________________________ 

Abstract  An anisotropic nonlinear cohesive model based on continuum damage mechanics is 

proposed to predict the mixed-mode delamination initiation and growth of composite laminates 

numerically. A damaged exponential traction-displacement jump relationship is proposed for the 

cohesive model and an exponential damage evolution law on the evolvement of displacement 

jump is proposed to describe the irreversible delamination crack propagation. The implementation 

of cohesive model uses zero-thickness cohesive element and middle-plane isoparametric 

interpolation technique. The mesh size effect is solved by regulating the delamination fracture 

toughness by the cohesive length, and the numerical convergence problem for the snap instability 

is addressed by viscous regularization. Four representative delamination cases of composite 

laminates are used to validate the proposed cohesive model: (a) double cantilever beam (Mode-I), 

(b) end notch flexure (Mode-II), (c) mixed-mode bending fracture, and (d) fixed ratio mixed mode. 

The effects of the cohesive strengths and mesh sizes on the global load-displacement response for 

four cases are studied. In addition, the numerical results using proposed cohesive model are also 

compared with the results obtained by the virtual crack closure technique and other existing 
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