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Prediction of damage propagation in cross-ply laminated composites subjected to
uniaxial tensile loading
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Abstract

The damage state of cross-ply composite laminates subjected to uniaxial tensile loading was examined in
this study. Matrix cracking and induced delamination have been considered as the most common modes of
damage in composite laminates. Using a micromechanical approach and based on Hashin variational
principles, analysis of the stress field and reduced mechanical properties of a material with two symmetric
and antisymmetric patterns have been examined. In order to improve the results obtained from the
variational approach, the ply-refinement technique is used. Using the variational approach developed, the
results of reduced mechanical properties have been compared to two methods: the homogenization method
of 90° layers cracked and the simultaneous analysis method of 90° layers cracked. After, it has been used
from an energy-based criterion to predict the initiation and propagation of Matrix cracking and induced
delamination and also the saturation state of Matrix cracking. By comparing the analytical results and the
numerical results obtained from the finite element software, it was observed that using the ply-refinement
technique has a great impact on the increase in the accuracy of the results.
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Fig. 2 Induced delamination mechanism in laminated composites [11]
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Fig. 1 Matrix cracking mechanism in laminated composites [11]
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Fig. 3 Axial stress, in-plane shear stress, and transverse shear stress at
the boundary of an un-cracked lamina [22]
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3 True complementary energy
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Fig. 10 [0/90], glass-epoxy laminate under axial stress: distribution of
stresses between two cracks with crack spacing (2a = 4 x 0.203)
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Fig. 13 [0/90], glass-epoxy laminate under axial stress: distribution of
stresses between two cracks with crack spacing (2a = 4 x 0.203)
considering the ply-refinement technique
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Fig. 14 [0/90], glass-epoxy laminate under shear stress: distribution of
stresses between two cracks with crack spacing (2a = 4 x 0.203)
considering the ply-refinement technique
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Fig. 11 [0/90], glass-epoxy laminate under shear stress: distribution of
stresses between two cracks with crack spacing (2a = 4 x 0.203)
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Fig. 17 [0/90/0/90], glass-epoxy laminate under a,, axial stress in
outer-ply 0: distribution of stresses between two cracks with crack
spacing (2a = 2) considering FEM and the ply-refinement technique
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Fig. 18 [0/90/0/90], glass-epoxy laminate under o, axial stress in
inner-ply 90: distribution of stresses between two cracks with crack
spacing (2a = 2) considering FEM and the ply-refinement technique
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Fig. 19 [0/90/0/90], glass-epoxy laminate under o, axial stress in
outer-ply 90: distribution of stresses between two cracks with crack
spacing (2a = 2) considering FEM and the ply-refinement technique
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Fig. 16 [0/90/0/90], glass-epoxy laminate under o, axial stress in
outer-ply 90: distribution of stresses between two cracks with crack
spacing (2a = 2) considering FEM and the ply-refinement technique
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Fig. 20 Axial stiffness reduction versus crack density for glass-epoxy
[0/905], laminate considering FEM and the ply-refinement technique
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Fig. 21 Axial stiffness reduction versus crack density for Hercules
[0/90,], laminate considering FEM and the ply-refinement technique
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Fig. 26 Axial stiffness reduction versus crack density for glass/epoxy
[90,/0,/90,]s laminate considering the homogenization method and
the simultaneous analysis method
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Fig. 27 Energy release rate due to matrix cracking versus crack density
for Fibrite in different layups with symmetric cracked pattern
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Fig. 25 Axial stiffness reduction versus crack density for glass-epoxy
[90,/0/90,]¢ laminate considering the homogenization method and the
simultaneous analysis method
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Fig. 30 Energy release rate due to matrix cracking and induced
delamination for versus crack density Fibrite [0/90];and [0,/90],
composite laminates

e e p ¥ @l g sl S le @3l pley £ 30 UK

Slade S 50 g bl o o yile 5 0 55elS slaasYous jo LIl o]
2y 5 g con] Caxdy lpie Cov pmple S5 I 5l Sl
slead 5l glaY i e g oad i sla¥im @l 5l 236 655
e rle sl sl @l S b osdioe £9,5 (ol S
IS8 Gl lge aalal Gl obir b ol anl 5 oad igie
4,090 Y 50 cwo Sl S5 g5l sy Culss T o) caims L
2abe [90/0]5 5 [90,/0]5 slaizay ;5 oy ol Cuniy
b a0 90 slaayy slaw Lialil b 5si oo alimdle S5 3 a5 jsblen
il Sl b il pley F5dx e jae Y Haile cull o8
G0 Osle @ ol 4B Salol (g i cad b g anils g i el
Iy b oS5 gluil JBa (g yle S5 (gol> aY Culies iyl
U S35l @ley 5 Ol a5 Sl (0l SLS izren 9 da3 e RS
DB 0 (6 pion Sy Ladl cpl o sl o s!.‘v". 3
2 (el 4Y) s W8 Y e Sl s, ool 32 IS
SB )0 ax 0 jao sy culbs i b ogh o alasde a5 jobjles

558 gai 038l (53015 el (st ile 5 5

1909

25 - = = [905/0],

- - [904/0];
— - - [905/0],

[90,/0],
1.5

Energy release rate
=
-~ TS

.k\

Crack density (1/mm)

Fig. 28 Energy release rate due to matrix cracking versus crack density
for Fibrite in different layups with staggered cracked pattern
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Fig. 29 Energy release rate due to matrix cracking and induced
delamination versus crack density for Fibrite [0/90];and [0/90;]
composite laminates
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Fig. 31 Energy release rate due to matrix cracking and induced
delamination versus crack density for Fibrite [90,/0], and [90/0],
composite laminates
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Fig. 32 Energy release rate due to matrix cracking and induced
delamination versus crack density for Fibrite [90/0,], and [90/0]
composite laminates
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