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Numerical analysis of free corner effects in angle-ply composite laminates based
on global-local method
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ARTICLE INFORMATION ABSTRACT
Original Research Paper The main purpose of this paper is modeling of the free corner effect of cross-ply and angle-ply
Received 23 May 2016 graphite/epoxy composite laminates using finite element method based on global-local method. The

Accepted 16 July 2016

Available Online 23 August 2016 global area is modeled by first order shear deformation theory and the local area, in the free corner

vicinity, is modeled by the Reddy's layer-wise theory. Using this method provides the possibility of
analysis of thick angle-ply and cross-ply laminates. The cross-ply and angle-ply laminates are subjected

Keywords: : . : 3

Freyewcomer effect to uniform thermal and extension loading, respectively and the effects of the free edge and free corner
Angle-ply laminates interlaminar stresses are investigated. Verification of the presented results is performed via available
Global-local model results in the previous studies which show good agreement. The present study results show that when

Interlaminar stresses the cross-ply laminate is subjected to thermal loading, the interlaminar stresses distribution is uniform in

both length and width of the laminate. However, for the uni-axial extension loading, the interlaminar
stresses possess different distribution in the two directions of the laminate. Also, results demonstrate
that in angle-ply laminates under extension loading, the free corner effect increases by increasing fiber
angle and the maximum interlaminar stresses occur in 30 degree plies in the free corner vicinity.
Moreover, results prove that the effects of the free edge and the free corner are almost similar in layers
with fiber angle less than 30 degrees. Parametric study on the thickness and stacking of the laminate
layers illustrates that both parameters have a significant influence on the interlamianar stresses at the
free corner.
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cross-ply laminate at the 90/0 interface under thermal loading
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Fig. 6 Interlaminar normal stress o, in the vicinity of free corner in the
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extension loading.
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Fig. 11 Interlaminar normal stress o, versus x/a non dimentional
coordinate in the angle-ply laminate at the 6/-6 interface under
extension loading.
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Fig.13 Interlaminar shear stress oy, versus x/a non dimentional
coordinate in the angle-ply laminate at the 6/-6 interface under
extension loading.
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Fig. 18 Interlaminar shear stress oy, versus y/b non-dimentional
coordinate for different laminate thickness in the angle-ply laminate at
the 45/-45 interface under extension loading

s 45/-45 o 1o Jodsgly CujenelS 1o slaY (S 25 Soses 18 S0
iz slacwlbus ‘_gbg y/b S 9,9 ‘_gL‘;..J) 5O (S )L

SIS 5 S oo st (B jpmme 4 Ll 4 B O g0ty oz oSS
ol aseS 1o glaYine Jbys sl i Jy ks plp gose lake
Wi o s (1iSTy bay Hlaws yoss 4 Cond

$lp Xa=l abii o 0, slaY s Jlp G5 lade diges ly
Sy G5 lde ol a5 Jl> 48 w0y 0.78 MPa il [45/-45]5 4,Youx
0 sy Jly (25 Jlade .l 0.23 MPa il [-45/45]; FRRVES
e opl g <l 0.78 MPa il ,, [45/-45]5 asYaus (sl Y/b=1 akais jo
b .y e 0.23 MPa o 4 ahais oles o [-45/45]s aVoiz 1y
iz Gleder il 4 05l o0 5 a3 19 5 18 slaSs o s
lag] Jloges 9 0yls ol3T ad (g9, sl crw Jlog sl i o cols oS
slogis ol5T asgs g9, 9 3T ad slal jo Jg wanl Gulato oo, Lo a5
iz Sleass slls slaY s Jbs
ey S e faizes el 0.31 MPA so0e Jlade ply X/A=1 alais
Slade ply YID=1 alais o )y 0,50 AV 50 12 5lp 0y SlY e
<! 0.23 MPa so3s

o 6‘4-.’43/@:‘.-3 sle s S o conliv 22-19 Sl So @ azg b
A5 sled Sub,98 b (Soaly aaii SO sl Vs of5T ad gl
Ol g bla cpl jo GlaY iy i Gad e Y Sily g0 o)
,logai slel jo ol Yoz bl cpl o i slaY o ohe
D9l oo 0330 Sl b Cutte ay shte Jlade 5 i s

SN -5
abgS SISl oy S Sgame slizl rdse = (5wl Joe Alis ol o
Sgasme Slall Lauly, ol (c g (Brre Suiseels slaaY wiz o )]
Cewddns; nlonY 5 Shn Jol e sbas,ss oS5l eslitul b Jue
s & s gy il Sz 5 Sleslre a5 4 azg bl
G dw b Lo (oYL cds 4 5ls a5 Bl (o ol oo g0 A
ol oo Lepl o 0,8 colanl gy ol 5l (Jed BB o w5 Lol
5 285 )8 anl )90 oy Slindod 5 9250 gl 3l ealinal b g,
o Sy9e yloangly slaaYaiz o ol adgS S T 5l el b e
&35 Sl @)L o 4T wes e Glis B (nl @l 285 18
9 dob sbsly g0 )0 gone Jlade Sl Sl Y B s Jbos A
d.,\'5|)‘ A S5 UM.MS L;)L'xf)lg 9O (e o | 4.3L.'."..A 4.3\/..&.;_? ua).c

215

Fol—
/:o.:»\
¢ 1705

IF1 & FL5 ~

ozz (MPa)
~
. j

2

4 . L L L
0.75 08 0.85 Ya 09 0.95 1

Fig. 15 Interlaminar normal stress o, versus x/a non-dimentional
coordinate for different laminate thickness in the angle-ply laminate at
the 45/-45 interface under extension loading
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Fig. 16 Interlaminar normal stress o, versus y/b non-dimentional
coordinate for different laminate thickness in the angle-ply laminate at
at 45/-45 interface under extension loading
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Fig. 17 Interlaminar shear stress o, versus x/a non-dimentional
coordinate for different laminate thickness in the angle-ply under
extension loading laminate at the 45/-45 interface
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Fig. 22 Interlaminar shear stress ay, versus y/b non-dimentional
coordinate for [45/-45]s and and [-45/45]s laminates under extension
loading at the 45/-45 interface
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Fig. 19 Interlaminar normal stress a,, versus x/a non-dimentional
coordinate for [45/-45] and [-45/45]s laminates under extension loading
at the 45/-45 interface
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Fig. 20 Interlaminar normal stress o, versus y/b non-dimentional
coordinate for [45/-45]s and and [-45/45]s laminates under extension
loading at the 45/-45 interface
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21 Interlaminar shear stress oy, versus x/a non-dimentional coordinate
for [45/-45]; and and [-45/45], laminates under extension loading at the
45/-45 interface.
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