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Inter laminar stresses in symmetric cross-ply composite laminates using
layer wise theory
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ARTICLE INFORMATION ABSTRACT

In this study, an analytical solution is presented to calculate inter laminar stresses in long
symmetric cross-ply composite laminates subjected to uniform axial strain and thermal loading.
At first, the most general form of layerwise-based displacement field is extracted by a successive
integration of elastic strain-displacement relations and imposing the physical restrictions based
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on deformation patterns of these laminates. The equilibrium equations are then derived by using
the principle of minimum total potential energy and solved analytically in order to obtain three-
dimensional stress field in the laminated plate. Finally, various numerical examples are
investigated in order to validate the efficiency and accuracy of the layerwise theory in predicting
the interlaminar stresses. For the assessment of the accuracy of the proposed method, the
interlaminar stresses are also calculated within the framework of a 3D finite element analysis
using the Abaqus software. The corresponding numerical results are in good agreement with
those obtained through the layerwise theory. All results indicate that the presented approaches
have a good prediction capability of interlaminar stresses in interior regions of the laminate and
theirs high stress concentration near its free edges that can cause delamination failure.

Keywords:

Interlaminar stresses
Layerwise theory

Symmetric Cross-Ply Laminate
Finite Element Method
Free-Edges Effects
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1- Classical Lamination Theory (CLT)

s oditesl 53 e 31 Wlis ol @ gl sl

M. Rezvani, A. Ghasemi Ghalebahman, Inter laminar stresses in symmetric cross-ply composite laminates using layer wise theory, Modares Mechanical Engineering;Vol. 14,

No. 1, pp. 59-66, 2014 (In Persian)


www.SID.ir

OB 4l Gawnls saslly Gilges) (45 00

6laaY & 5065 jl o sliiwl b Y Hlike Swlaieo 5 po0 SLOGIY VS SlAY s Bl Yiuis

2 SIS Sl e s ey (e S o ol welate
Ol S 5 S Sl ool l Ly s biie ol (6l sl 359 sl
Ol il ool cwoayy plaal— i, S Ly, 5l as  plal>
Ol aaliie sl sl s sl ala eluly (oogee plralr
¥l Joiliy 6531 (5loainS Jool oS s 5500 2l 5]
S ygm0dn SYolae oyl g ool Cwsdn sluY ki 5l eolawl b Joles
Soasel cots @l (i Lzl jsliieay Coles y wgdpe o Sl
5655 sS85 g sgamme ol o I Jolo s b (llos
5 ewiige Jlaws ST 50 0l vales anlie OYlae sl )0 S92 g0 bl
sload )3 (gom v din VN 385 5 (o o a4 (g s w0j9> 00l
- o adlie ) 5o oud iyl s, 13 g wil sod el Sgges & 15
O slegiis g 9 0 5l (J9d BB Gees o e g Sl

Divaalast asls o1 slead o glayy

L1 (2l Olno =¥
48,8 o h cwlses 92b (pye 20 Job ao S aY aa S
ol 0als ool lis VS o Slabue sl jaome g (559 dwdin Ded o

ol sl g ead Jleslx=-a g x=a ;5 (Sl )L a5 09h o0 22
009 Yok o8 L el oud 95 CESs D jgot B9 peli o
oS sleadlse 59 leml 9o 5 (ST ud 90 b X Cwz 45§59 Jsb
g e oo I ol walgs Z gy 3l ol add

d
& ,2) = - (xy,2)

0
&, ®(y,z) = @ u,®(x,y,2)

a
gz(k) ,2) = Euz’(k) (x,v,2)

Ve, ®©(y,2) = w® | 0w
D dy 0x
Oy, 2) = 5u1(k) 5u3(k)
SRS
du du
(k) -2 3
Yyz (yr z) = 9z ay )

5y x Slaz 3 plrals saddlse coipaus®@ 5w, w7 o o8
2 elal Gl 5 s 8 cal plk aY o (xp,2)elsds (sole alads S 2
Wil glarailo (3,5 SYslas I Jlgte (6,5 1SN L oS ol kY
b wles 5 dilkas W\.Jso Cawdds ((V) SYolre atws)
u, ®(x,y,2) = Byxy + Bexz + Byx + UP(y,2)
u,®(x,y,2z) = —B,xz + Byx — §B4x2 +V®(y,2)

1
u;®(x,y,2z) = Byxy + Bsx — EB(,x2 +w®(y,z2) )

Slaise olliws g 3,9 dwain ) S

6- Symmetric cross-ply laminates
7- Principle of minimum total potential energy
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1- Lekhnistskii stress function

2- Principle of minimum complementary energy
3- Balanced forced method

4- Kantorovich method

5- Layerwise theory
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4- Local lagrangian interpolation function
5-Total strain energy
6-Stress and moment resultants
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1- Antisymmetry and symmetry conditions
2- Infinitesimal rigid-body rotation
3- Global lagrangian interpolation function
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