854-843 PP 1399 Gl 2 o pleuis 7 s

T D95 ele s puts

H}”ﬁw $5ls 5 pole

! http://jstc.iust.ac.ir

Ll bt

o

o oo & vee

Coxs (9 j9mlS gAY Wi il y5 50 03T glaad 4o Gurs A Glb T LI oy gy

B 085S 5L

“git¥y Lo ysalo s 5T (S o

L)IJ.QJ ‘u.;)...; Soio Kisls ‘Léé\yb (oW ‘)L_,_j'__‘,bf\
OIS iy Saio olRisls Ladlga  waige d 250 (6 zils -2

ali.hosseini@sharif.edu
oduS>

%

11365-11155 ey Baoo «ylye5 %
Wl Oledb!

SLIs5 L ez 1o o5 (50l oz O3l sload (0335 58 (sl a2 9508 5 (B0 sla i (S s, g ol
Sga5 ooliil (samans o slabs, | Cmlisr albojle ez Jelos sl 95dioe aslid "ad I Glsie b el Sigline SLI
J= ln el s 5108 eslital 3590 ¥l Jlao Jo 55 4] ogdle oS conl (ko o (0958 51 (S eSS )
F Gy S Sygo bl Hlass lasl (s, cnl jo ceul ool (Byae 5 (S0 jeelS slaasYais (gam aw aeziwYl SYoles
553 sln oy Gaed S5 5 Jsteme sbisly S50 Jeiliis S¥olas o b s 398 00 (28 0 iite SO (g 0 p0 ol
O 4 Geio (ol ) azmil ogdipe Jo alis wgaze SIS oz b Su L g (L sliwly o eanl casody Dlgz (2,8 L b,
52,5 0358 b LS et (L jeralS sz Al 6595 Jo sl (Sloslre sl ang Jol Al ye 55 Cunloads aiSls
O 50 ez ol 5l ol Bun aS pgd Al po 40 .l 00l (i Como (LB Slidss b ] mls a5 ol g 2lS g,y sl
b aels saYair S sy » ol Siobe 00 685 U Ll S8 095 S g ()l e (sl alatales] el aigs
a5 el 0a o0ls lis wole olym 2alS Jae 5 cenlie cenSs sla Lo oytes SIS @ bl ol [zl 55655 sla maY

220 ialed g9 CE0 L 1) CanSlh Cundn 5 oy Ayl (698 J> S

98/06/03. :sl
99/06/22.: 5 pdy

1 Slgouls’
9l

a5l

Sl Y

& L;)L‘xfw

An Experimental Investigation on the Effect of 3-D Stresses at Free Edges on
the Failure of Composite Laminates under Distributed Lateral Load

Seyed Ali Hosseini Kordkheili*, HamedReza Velayati

Department of Aerospace Engineering , Sharif University of Technology, Tehran, Iran.
* P.0.B. 11365-11155, Tehran, Iran, ali.hosseini@sharif.edu

Keywords Abstract

Kantrovich Method Rapid increase in interlaminar and normal stresses of composite laminates with different lamina fiber
Free Edge Effect directions at their free edges is known as “Free Edge Effect”. Normally three dimensional elasticity solution
Composite Laminate methods are required to analyze such plates. Kantrovitch method is one of these analytical techniques. In
Experimental Validation this method displacement field is initially assumed to be a sum of multiplication of single variable functions

and then the differential equations are solved in one of the unknowns coordinate direction. The results from
this solution are then implemented for next step to find known functions for other directions. The process
will repeat until getting convergency. In this paper the basic concepts of the required theory are firstly
introduced. The problem is then solved and results are verified with those available in the literature works.
In the second main part of the paper, a test setup is introduced which is used to test various composite
laminates to validate the theory results for failure prediction. Comparing failure load results are shown that
there is a good agreement between the results from the analytical and experimental methods.
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Fig. 1 Coordinate system for rectangular composite laminate under
uniform distributed transverse loading
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Fig. 3 Designed hydrostatic test setup for uniform distributed
loading on a SFSF thick composite plate with arbitrary stack-up

G g Slinlyyame (ys03l (sl ouds (il B losiz 3 S
SFSF (550 baaly b moied (s35eelS saYoiz 59y p SS15Ss 00d aj58
olgds ez 4Y

raigai 5 S ams o bt |y ond 4l B 51 o sl 505 4 U5
a5 AL maY Sl lbdiges opl e o lii | eod asle ioles]
ot i lo Mo s o g Sl o)) 4 oad il i T300 oS
Gl & Ghp ey cnl Sl ol ools (S ol Sl b c Sly g, L a5

S o byl laad 43 1y (g 55 o eSS s sl s
Laiges b )3 oolatwl 0,90 0ols  colSoinl plo g (SilSe Slaseine
5 oad eals L sladiges gl Gialesl jo sl oo ime 1 Jgax o
6 JSi jo &5 polailen .28 )5 18 Sibiulg,ane (6,108 )L cou 5 IS
X by 4 s 4550 90 Gl aygly b slaayY o oSl Cnl aseine
oS 3l s a8 Sl rbans S5 Lo i Gl Jas .ol oolidl 5las!

S X Gbialy s (et Jlop LB 25

Caales gliwl,y ;0 oo am o Jlop (i el 331 o5aSG & j50 4 0,

S o Ly p) Ojge )

0z =7 1)

o ools las 2 JSh 50 398 slY m oad am o Jloy G5 gje
o wsSilen @Y m Jloy Ui 45 canl s US55 ol 4o ca
Ll 03)lg Sl bl Vb mlaws 1o 5 yho ply Gy haw 50 99,00 Uil
BT az )0 05 5 axy05k0 Y G Jloy 15 ke G piien Griores

Sy e3ls Jb ol 25l Ly i o2yl53l a8 bl e

0.1 +
o
ﬁﬂ +"l. 1
0.1 1
027 1
03 -
+  Present
04 ¢ ¢ Tahanietal.(2012)| 1
0.5 ' : : : '
05 0 05 1 5 2 25 3
a

Fig. 2 Distribution of interlaminar normal stress &, through the
thickness at x=a/2 , y=b in a [903 /0] SFSF laminated plate

59 0dd Ay (o Caeles Ll j0 0l dry 0 0y Jley i 2 2 S0
i bl 5 [903/07] oz 4V L Y wix S s 5x=0/2,y=b
SFSF

—azeo a8 ol 550 ead ags  Slawle oS Como | Glielsl 5l e

RG] PWPRIRY ToF o o o Q] C‘L" PLIRWA r:l;;ﬂ g ‘_g)l;\f

S (G5 Ao g w3

w5l Gz ol asled 6381 byl b B ool s 0,25 (5,105 dzs g
5l s (b (B sbie (ol (sl enl o b 898 i 53 S
sbialy 53 Ll g lal 5l alejl 090 (59l gz (ol yo oS
PBASS bylps sl sose sl 9o j0 g ool 2EASS Sljls Job
Sliwlgyane Hliad 5l sose 00,58 b Jleel Glp cpzmen ol O3]

846

2940l 59U 9 pole &y puiss



Vs Loy swela 5 Slas 8 Siawa Sle suw ~saY dia A ) Glaad ) A A G L (2 S (w22

i Ty o

Fig. 5 Carbon/Epoxy test samples with [905/0°] stack-up (a=50mm,
b=20mm, h=5mm)

a=50mm, )[905/0°] iz 4Y b ouSeloS iulejl sladiges 5 SIS

(b=20mm, h=5mm

350 oS ol oS Y ST oSl olgm 5 (Sl Dlasin 1 Jous

oiolesT slaaiges clo yo ool

Table 1 Mechanical Properties of T300 carbon/epoxy composite which
are used for preparing test samples

E; 140GPa O1r 1520MPa
E, E; 9GPa Oic —1480MPa
Uig,VUq3 0.3 Oy, O37 36MPa

Uyg 0.3 0y¢) 03¢ —160MPa
Gz 6GPa Sia 41MPa

Gy3 5GPa Si3 41MPa
Gs, 3GPa So3 25MPa

Fig. 6 Failure due to normal stress g, through the layers with fibers
in 90" direction in laminate with [905/0] stackup Fig. 4 Hydrostatic test setup for uniform distributed loading on a SFSF
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Fig. 7 Hydrostatic pressure loading vs time on a laminate with
[903/07] stackup
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