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Buckling of Thick Laminated Composite Plates Based on Zigzag and
Third order Shear Deformation Theories using the Finite Strip Method

H. Tanzadeh and H. Amoushahi”
Department of Civil and Transportation Engineering, University of Isfahan, Iran.

Abstract: 4 semi-analytical finite strip method was developed for the buckling analysis of laminated composite plates based on
zigzag and third order shear deformation theories. The displacement functions of the plates were evaluated using a continuous
harmonic function series in the longitudinal direction that satisfied the simply supported boundary conditions and a piecewise
interpolation polynomial in the transverse direction. By considering the displacement-strain relations and strain-stress relations,
the standard and geometric matrices were evaluated using the virtual work principle. The numerical results related to the
buckling of single-layer and multi-layer plates were presented based on two different plate theories. The effects of different
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boundary conditions, length to thickness ratio, fiber orientation and modulus of elasticity were also investigated through numerical

examples.

Keywords: Buckling, Laminated Composite Plates, Zigzag Theory, Third order Shear Deformation Plate Theory, Finite Strip

Method.
Wﬁﬁf}ﬁéu&;mﬁu BSJBb LB)}J)J? a

S s oo IS5 ) ol lapusle (ALLBLL.L L ZG)
I s e SS Habye il BYS BB e Sl S ol e

Z 3y X4 Cand Dlitde 4 ax 5
S5 e Laa Clasida & asly Jils [Cr]k s[el
SIS
oHlS Sl ot Ner
WQ)}}JL&}'&L&)J.;J an)ny &nx
Ul g 3 i Cuheo i Sle S, 5 S,
S Sl Wi, R;
Zy YX e Glwly 53 gl 4wl

o s s glme S

W vu

e e
Wext J Wint

J)l.buw‘
i ke 0SS ol s il (Afd))
Sl e 8y sl @
oAl LSl 5l ol slam 5e (AR, BE ., JE)

Y d S Gl Sl pwdd e

Xy Yoo il 53 Gd o gla s o il e Yy 2 Vx Z a4y S (R Sl pwdin Hew
s UM s Y BNt b
Jios g o5 o 20l Ll loslr ol fmty o dia —

Slaiys s,y al)) sy breay Cwle gin 95 5L,
ol 03,8 By ams 5 e | (ol ax 5 gl o salS
s glags) o5 5 = sl B Bl i > sken
Lag s ol Gl aS (g goiay s &)1 0be) 54 0 4
23 b mll Graman g > s 53 I 5 3 e ol
Sl o pelS Gy (LS a1 55 Sy GolS
S S Ul 48 5,8 e plasil ssde Sl B @
Do Oledige e 53 (6oL Cuwpee Sl S3de s s,

NG|

elrsS 4 S 0 Bus o K an slag B

\Yav QL'LW_:U A Z)Lw..:: A‘\/ JLw cmw@.o DL ésv\.& Lsudi’j)

Oszmod oo 5 ol mlio 5o Gl oy 5elS LG
sl s otlu o 5 Loy Ol o (Ladl s
o eslie 5 e Cad oa SO 5 Ol s owkige
La =k 5o Cllanl 5 VL (5 51 e oLl YL 055
iRl s S b e s JB A (e s 4 s
el mloo s O slas 8 5 sl CusslS Glads
Sy gl sl Il e B b g A5 e
S5 s Jilee & A1 Gl o sas Sloo et
Sl ol oo .50 oo 552 sar Olaglosle Slby L3 5o 1y

AY



http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

35 e o3 S a3l Sl s sl S s ol 4l
Dot A Sl el LY slias L e Y (6558
35 L 6058 ol U34S Al LI SIS o s5 skaie
O3 o Ll s LaY o 15 Saupy Ll 3 oSl
Lol G omls 5 VL sk 53 o0 0 sl
Aoy Laas Y slass 51 i plrals OV s 0 5 0
WS 5y LS o V88T UL 3 [¥] s 5 o
1S b sl LIV e S5 6055 pb L 6058
Sl 4 e ploranlr Ol 4 S15S05 o e
Camnd (555 ol )3 0 S Lol amin )5 la glrals
el Ol uled jslaiens o635 (6555 alie 4w 45 s
ey e s, (S5 e 5 aaY IS s,
DS e s B A (S 05 0251 sl
s $os5 03 plraly SV ez sldad &S il S5 a p5Y
ot St it a8 b et sl S5 IS
o Gl sy (plplo 550 pln e 5 il 45
oI s S el b aslie s 5 5elS ladys
RO
YL S e 05 ST Jle o [0] Ole 5 s
Sl C 508 Loy 0L i (gl 4l 55 03l
S35 L ail s Sl i S5 (65585 (pl oo A S s
Sl S 1235 S edle 535 ol dol aie 55
S e s Calis sl 3T oS B e S
Sl Laa¥ (e 03 (28 (o5 GUHS (o (S S
el slag, 551448 Jle 55 [£] LS5 5 ol 5 S s
5 LS Sy aalllas p a1 o S gl glads
S5 andlas 550 o SKanl gl et sladys al3T ol
Sl L,y (Sl s @Sl S¥slaa LT il
Sl 3 B VL e 058 S el 1 Rl
o ol Vsl ol 4 S (g sbar s S sl S
5 oM s Ol Cmsany B 5 Sl ad e 58

ST 6l 3o Ll Jde G Yoo Jle s [V] OLKea

AO

3DV sl Kt s S5 Ly plralr bl
Olgmsany &1 dyl ad o o US4 ot 055 [V] (e
Hals dnn o i 55 e — ey S5 605
i b Sl i 1 3T bl 5 HleS L o5 ol
PR RS S s e Ol ol 5 A e e
e e GosE 5 S e s Sl By culs
Dl s O Hsleay By Aol oo S a5 U
el bl S Sl G S Al e
33,5 e R Gl pE 5 GG a2l
Lol Al a6l lom 015 B LS o s ol (et
S5 e (6558 SOVL S e slaeny 3 S dslone
VAAD 5 VAAY sladlw 3 [¥] (35 daw s YU a5 o i
i S d S R edle O o 4 s L)
s oy g 1y 01 (Dl ks Calies gliul,y 53 o0
5V ok s o e S sl 5 S e K
ol s amg s A e a8 iy de Gus ol
i S S5 s 53 B el 5l eslind
slaGus ¢l s sl = 055 ol bl o8
AT Ll 5 L ol o se 5 dalaze sV L sl
lea ool3T Sl s sl oS ol e ol S Py
e S § 5600 b Ll el sl a5 0 200 6555

s IS 608
3l S Lol Sl 1y molin w5 G5 slais 55
Lol (oS o @811 i5leS Sl 5l 5 silad ) lS 5 O smmen
Gos5 da 55 opl 53 B Gl i (Sa g e Joa
SV ses 45 LS &l psbse pl pade sl [me oY
Fol ol pskiea Y e s b SO s Ol sl p
S e ol e B Ly 538 Do pon oY o
3 Dlals 3 st S8 &Sl 85 e (6055l Ll
S eslial Lassle JS 41, 5 38 05 Soype 3 s ol
a5 Y ane IS Sl s sy e &Y (6558

alre VST ()55 4 o 20 Slasle o 230

\Yav QLLMJU 4\ z)LQ.»: 4\‘\/ JL.»: ‘J’“J"‘@" DL d.}v\.& LSLQJ:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

LSS L g Ll g8 G e s delaze UL
A e i gl de bl s pade Lade
ot (Sl Bl 4 L3S s ST Lol e
5 Ll s 35 ) CuipelS G slaaY Ola
J=ol b s olme U6 ol (Salas Sl Sleslinal L1 Las
Cwdn 3de sla sy 5 oL o SaS 4 5 Ostkon
S5 6055 S Yo Il 53 [VF] Ko 5 58 500 L5 5]
L a5 i aholer 0L G L Sl S 6
Sladis Stond HUT Gl 0,5 a1 soll s ko
A4S U e 2B SHsS Ol 55 .Lsls &1, makle 5 gl
Ll 2 Bus sl glinly o VL as o glral Ol
i AT 035 s en 5 Y Ol (So gy
33k A e Lol G oml s YL sl 53 (500
QST Sllte o2 IS ks (o058 51 YoV F L > 855
DS A5 B S ek Sl 8 S s ey sl
sty Glad,s e low ol dg,) T Sl b g
Sl s D0] dslaze (S L SUN S 5 L am sl
s ool S L gl bt s slads,s Jilas
S5l «Sas 55l LG, s 5 elate 5, S g
335 S 3 i 033 lalb o S5 50l 5 20
5 Jml 5 oSl Vlee 0Lyl 0 S eslinad [V5] e,
S o Ao > 5 (5lee B Jool Sl aalizal L
lbralr 5> Cabis adlie slul) 53 |y esenS &0 03,51
el il Jlay (5,8 31 (38 8 s sk (250
W OLSe oi adlfo o G 0Ll s Sslew s S
(Ll Glial) oS mb Dl b Calbs gl o
o1 g, Ol s Sl S asl of S an U K S wlsl
S bl (Sl S S Al
2O K e Slatew 55 G pd A o
laS an b e s,y 5ol Oly 5 S0 (5458 53 el
oy ol LIS Jool leslanad b glaY oo 5alS slai )

u':_>.u.).> C,-w‘ [ C‘fn’&wl J_}J}u’)‘)j (5.3..«\.9 &})&QS

\Yav QL'LW_:U 4\ Z)Lw..:: A‘\/ JLw cw.lﬁe.o DL é.:.l} LSLQJ:})

= Ll Jae sl ann 5 sl 5 S5 5lS oG
g oS Pl (Va0 G SO s 6555 S ol
300 gl el VL 5o iy A5 00 e kil a &S
ol 03 35S e Lo b e s (i Gl (S
Ailen 50350 aals Laa sluw & &Y peme sliss (6455
dmio o e SV e sl Tl WY SS a5
VST Ll 2 e 8 ) pl LS e ale L
Slrors 4Y ()55 pspte bl en 5 A e Lol | dalas
Gos S35 ) 3sdmn sl ol (Siluesly sl s G
Jlv 3 [A] 55505 s 80 (2 8 sl s Ol S
1S gl CslS slad s 4 LSS (o8 S 5l Yo of
S35 3 g ad o ed sl 4o o (SeWS (6555 el
e ey e s A e 2B L
sl i e (Sl )L G gl el
S = e Ll S Lot e Dok
Lol glados glp b Mo = 508 ealinal o g
Sl STSS 5 50 o Slesliad U lais o84S
s o YooV Ol 5 [4] 58 5 55 503 ane s Ln i
slaa¥ L bt slad,s JhilaS by ) o ske
o2 33 e AEASS Lyl 5 5 delaze SUIL 5 O line
bl s by Ko s e Sl aas b i 0505 slalb
2D s 5 SIS s S Gl sl as e o 5055
i SLaS e Sl Ol K 5l eslizd L Yo oA JL
Ll 1555 YL ad e (6558 oldl s 5 5 sikoe el 5l
Cogme s dalaze SLIN L gl o5l slaGys 315
3 S A8 s p ) amabiln sy 5 bl el s
@lp Yool Jlu 53 TG,5 0 ool (5,55 § 5 53 3l OLIKes
LAl s Yoo Jle 5s 5 [I] L3S 5 OKe ki ons
Dol slaaY S 5 L W] slaY SujpelS sl 315
s S el s e SeaS 4 e s delane SUIL
a2l Yo ) e 53 Y] OLLSan 5 LS oy

slaa¥ laG,s sl = 1 il gl (glaB s sl 3l

AF


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

m
ZZH ([Fv ]1-\ _[Fr]l) )
9 [C\]k (_guw_}:l._ﬁ)ebj_.g é)j Cuwle_sh L)T)JA_S

B gp lons g0 ks 1 [Cr ]

[C\]k = 12::[st ](Zl _Zl—\)

[CV ]k = i[st](ZI _Z{—\) ()

1=\
o sl desl 2 Slasw 7y Y sl N O 5 a8

sobe AV oled m sty b [I] cd k) 5k aY
T S L e S =
G e e fle [st] Al (Zm =00l ZpZpy < )
[szﬂyz]T =[Qu :||:Yx29sz ]T s s plk Y
el L [F@] sl K3 50 5 25300 8
Calss 53 iy Sla S e OF 53 6 (635 B 508

29 QL:g}:;Ji)'f_}é‘g,\J\a,\.Ze;b OLE o o) 30ty O

F(2),, = F(z)y, =2| \— fz:j
Th ©)

F(z),, = F(z), =~
Sgdoee Hlg gy —\-Y
@3l s gl CoaelS Gus G s SlE S, b
VLSS ol b a5 s L (V) S5 il 5
(_gLAL;Lq-A{b.- 3,90 Q—i‘ LIS PNap v.:mi; (Llodls SR
(U, damdo 3105, 5 0 b sl Jld ( Sle amis
Al e vy 5 Yx Je Gla it rames WL sV,
WLed Ol (Vo) B (P) Laly,y olas d;lﬂ Ol 55 s

AY

S (S il L By SRS ) ol il o s
eJ_.ZG\)‘L_BL:)‘s_ALbuL;LﬂUJJQYg_N”SJS cuwhv\m
S am 5 s poler A 5 ol 5 ol

.@‘oﬁjsb_})&é?&'}d

Lyl ! ekl Y
P VL s SIS Y o585 el ol Lo
o=l ol il 0dd Ol (63 p e 4 0 B G055
Slglabi o 5wy va gla ol )55 5o
Al Bl Gl i Gla olralx L daaY (2,y,X)

1l 458 s SIS5 655 el alralr Ol

aw.
-

oy
rel=[E £ ] ®

w=w,(X,y)
Sl oo plaalr cdja Wy VauGss adal; 5
syee Z4S Nies palo Ol 53 5 Z 5 Y X Gla s
Sl 3 el O Calies (slaly 3 5 s ambs p 3500
Sl 48 ol sl 5 oo Wiy s st kool ol
o [F@)] oS sl Gos 3 Sox slaabrals o3l
Sl 55 by K0 i Ol e oS ol YXY s Sl
b et S SIS0 68 s e 0L L) B
Oldge S (535 amis 03 bl ¢l = S1505
s Al 4SS (o B S S b gl el
O Lwld laly 53 (B0 A n Gl AN At sy 5
Gls Slodon ¢ 5 6055 ol AWl [F@ 2550
TIV] S o Iy (V) alay]
[F@], =[R], +2[F] +2 [F]+2 [F] ()
5ol Y ol sl asol s k el OF js 4 S
53 Do ol o [Fe] s [ ] ([R ] [R]

Wb e ) pb s by s

\Yav QLLMJU 4\ z)LQ.»: 4\‘\/ JL.»: ‘J’“J"‘@" DL d.}v\.& LSLQJ:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

Ol S (gl S bghas 3 gal3l Sl s 5 s g Sl Oldl - S

.
N (%) =\ - P Y
by b

s S
Y

X X
N\‘(X) =‘fb__‘f_‘,a

S S
X X AR
N =y -2 AP
by by
Y Y Y Y
W(X) =\ T 4 Yo | R (X) =X+ Ve
Y Y b Y
S S s S
XY Xr’ Xv Xr’
W) =Y—=-"Y—, Rr(X):b———V OY)
S S s S

i by e 3l Sl syl g 52 by 5 L) o
LacSs yosla slws m ol 55 48 Ay i3 b ssdome 5 Ol S
m=\r~r1 Calshe ;alie gl 51 sl an 5 Sl (Lad 50)
355 ol e OF) el 3lae 43 235

Am:[A m Avm ArmJT ()
058 OF) s 5 Ay s Avm oAy bl 51 o
YL a0 n sl Pl &S Lpde i s 25
@31 Dlass s 535 o 40 o0 5055 5 SIS
el (V) ey il 2 S o ac L Oladl SO 6l

T
Ay = |:u U v, Vv, W (—j Y Y :|
\ IR WP v Ty
m ‘ X y

m

— _ T
AYm:[u\' Uy Vy Vi Yxy Yy\']m
T
_ _ ow
Appp =] Uy Up Ve Vo Wy | — | Yxr Yyr OY)
X v "

\Yav dl;'...v.:u 4\ Z)La.;:: A‘V JLw cdw.lﬁ@ﬁ DL 6.}.,\.9 LSLQJ:})

r v

0= D77 [N (9 Y () Uiy + N () Yo (¥) Ui *)
m=) i=)
r v

V.= 20 20 NI () Yo (9) Vi + Ni () Yoy () Vim] - ()

1y

w, = Z z [Wj(X)Y\m(Y)Wim +

m=)i=\,y
R; (%) Yo () (0w /%), | )
r v
Tx = z Z Ni(X)Y\m(Y)Yxim CY)
m=\ i=)
r v
Ty = Z Z N; (X)va(Y)Yyim (Vo)
m=\ i=)

23 Guy b O3 S glral v, s ul O Lily, o
0PRSS G5 O S W, wamio Ol (555 (X,Y,0) il
Sl iz o Yy o Ty ol Sl Cless linly S5 558 0
Gos X5 Y sbassme dpm i fa Sl amio w5 pee
cos(mmy/a) 5 sin(mmy/a) ——3 jan Yo 5 Yy 5 035
el (V) IS llas 5 15 dsb @ Ll s a5 s

SV. s U, i 00 sl plra b ¢l
el il 358Y S8 s S vy 5 Ty o
A ElE S WL Gos amie D p plralr ¢l 5 O))
ol o esliad (VY) ke, llae

A


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

[am ov. ou, avc}T
+ +

T
o'w, O'w, 'w,
Z|—— —— +
ox dy ox0y

T T
F(Z)\\|:ayx ° %:| +F(Z)rv{’ % %:| +

ox 0y 0x
T T
F(2),y |:ZY; ° %} +F(2)y, |:° ZY; %:| (14)

OF OF
y= (2), [ 'Yx]T"‘ (Z)yy ['Yy °JT+

Z 0z
OF(z), I: :|T n OF(z)y, [Y O]T
y X

Yo
0z 1574 (¥e)

e=8 +zk+F(z),\ 1y +F(@yy2p +

(Yv)
F(2)\y%e + F(2)y\2Xa
OF(z),, OF(2)yv OF(z)\
= + + +
Y oz Ya oz b oz Ye
OF(2)y, Ya (YY)

oz

S om0l 3 S Ol5 o 1y s5de S8 )

b-
B &
b-
K BmK
b-y,
T B a
fal 5o Pm iy —BPA (YY)
b-y,
Lb m=\ Bm b
% b-%,
c Bmx
d Bb'Xd
m
$=Ya
Ya B
r [BS Y
Tol oy Pm AL =B
’Yc m=) Bs'Yc
- m
Ya BSYa ¥Y)
m

BT (BLTr (BRK (BEE Ll 5l S a0l s S

u,laﬁffujj_aasx\auwﬁwl;ﬂwjt...,

ﬂjj@\_})d{b_}ebﬁ.:_}v\m)‘)..’du‘)}dh;k}&

AQ

53 amio 053 @31 Slps s W 5wy G e, o
0355 @331 Slomys 5ls my Vi 5 Vi 5 ex e bl
Slazm,n e 506 Ol &S Lieas Yy gee Slinly > ain
Lovi wmen T LUy o33l e poman Ll o b
s Wi Aol KaSe L gla s e 5L Ol 5 v
S 5 O i ool Dl Sl o ey (Ow/ox),
b e 3T Sl s vy 5 Ty 3 i 05
Y Loy dsm e Gle amio 4 050 Gla S
Aed X
Tl 4 sl S w b ol Sles s il

g 5 (10) aaly D peoay S el

T
A=[A, Ay .. AL ] (\0)
LSS L r gt oSS 50 L gl G5 il
u"k—“\ﬂ‘)‘j—’ 6L€.’Ul_5.>J_A)J LS))—‘ .laa“b_&ﬂ-;k_‘m.a
g 25 (VF) abasly Bollas [ She Slags 55

W:’szo’ My:o’ Ny:NXyzo; y=°, y:a (\?)

Ml s Gl Y s S SO 58, e
A e G SE i L B e ojle (S 5 5 sl
sk gl S b b LS palie alply i pd iy 5
e Bl Lt ) e sl S8 ok L 5l oS s
Lowal 5o s i) psran addsl Dlb b il sk
Gus s, o3 eslinal (gl a4 8 iys 55 S slasls 5
OA) 5 OV) sy Gl o 5 hast 8l 5 S Sl s

D g g A 5

T
T |0u Ov Ou Ov
g:[gx &y ny:| :[G_X 5 g+&:| V)

T
T |ov OW Ou ow
7:|:sz YXZ] :|:8_Z+a_y 5+8_X:| AA)

WLpd Al g g5 D) ok

\Yav QLLMJU 4\ ZJL‘».: A‘V JL.»: cdw.)w@o DL dbv\ff le.ﬁu:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

6\\ =Q,, cos' 0+

O YQ A YQ;,)sin’ Bcos’ O+ Qyy sin' 0
Qyy =(Q), +Qy¢ —¥Q,,)sin" Bcos’ O+

_ Qy(sin"0+cos" 0)

Qv =Q,, sin” 0+

o T(Qy +7Q,,)sin" Bcos" 0+Q,, cos’ O
Q,; =(Q,,—Q,, —YQ;;)sinBcos’ O+

_ (Q\\‘ _Qn‘ +VQ;;)Sinr OcosO

QY? :(QH _QH‘ _\‘QQ;)Sinr 9COS@+

_ (Q\Y _Q\'\' +YQ;9)SineCOS‘~ 0

Qg5 =(Qy, +Qyy —YQyy —YQ,,)sin" Bcos' 0+

Q,, (sin" 0+cos' 0) )
Q\‘\‘ = Q\‘\‘ COSY 0+ Qoo Sinr 0
9\‘0 = (QOO - Q\e\c)sin Ocos0
Qpuy =Qy¢ sin’ 0+ Qe cos' 0 (vv)

X a3l el (6 Se3lll asly 0 (YY) (FY) Luly,y 5o
M s (esle lass) X, aae U (LIS olas)

la 28 Ol pnd oS Clls a5 Ll Coli w de S

—(k B _
)'lQi(j) e Ol s Sen gy s a5l i Y e s

RN QL:J Q)}J

Q, = E, ,Q, = VivEy _ v E,
\_Vévvn V=V Oy V= Ve,
Qrv :ﬁ: Qs =Gy
N n
Qs =Gy, Qg =Gy )

Gy 5 Gy «Gyy iV Jsds Ey 5 B, (gl j5 4
Sl gl Ated Ol sy S Vi 5 Vi o dade
dmio 515 53 01 5 sses 5 SU Sl (o Sa 53 5 K
ol 5 Cos amio s pes g a5 G5
w5 50 S sl e Solsa s e DL | ais

Sl LIS Y-Y

aduly Sl 5 e (e Gla e Sl 2l Al g
0505 3 e 5 CF 5 pl s e ealital (g5le S
OLadl o 6l o (g5l IS adal, U ! C)"Y a8 s
245 4 o (7F) alaly solas

\Yav QL'LW_:U 4\ Z)Lw..:: A‘\/ JLw cw.lﬁe.o DL é;..l} Lgl.ﬁu:})

J\;}JL;O oals L}L;»J

B =[Ble Bl Bl 10
B, =|BiY B B (%)

K oeg, slamll 5l SO s bl o il B8 da, s
Va bbb ol Soe LS B s xg 5 xe Ab Ha
5 e La e e SISO a5l vy 5 v Y
Sl 53 e n 5 51 SY HF sy e sl e Sl

J.:}.Z-L;a ND ‘Jf;il.w sl e.)wig:,_»ﬂ).ﬁdsuﬁ‘)j.p&i X e

S 5 sy XY

Sl sl Sl RS S el et gn o8
Y el kgl o sl dslae skt eaa il (gl
Cons b g 0k gl osle e oSy 55 Sy 5 5
NG o Ly mas i oy o Sa 0506 )
3 OWV) blyy Coons 00 5 st o 52 0 cO,
g sn Olz o3 03 0 5 4y (YA)

6 =Q;t ij=)",* (YV)
T= 6in iL,j=Y¥,0 (YA)
Gz o 31 Vsmame sla¥ sladys oS ool S
Y slse gl e 4 a5 L clileds LSS Sy 555
Wsls Bos S Slasie 4 cans | Sl sla S
JLsl (z,y,x) IS lass 4 Ll aY s OVslae ol ol
Slaths 255 5 A5 gleadfe €5 s 5 b

st Ol (Fe) 5 (Y4) Lailyy oy smas S

® = = = Kk (k)
Oy Qy Qy Qy €y
Oy =1Qy Qn Qy Ey (¥4)
Txy Qs Qy Qs Txy
k = — (k) k
{Gyz}( ):|:Q\‘\‘ Q\‘o:| {SyZ}( ) (Vo)
Oxz Qs Que €xz

e s sl s Sl Sl eslin il SLaSis Qi

] s o s oy 50


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

Wiy = JvTrdV (*A)
oo adaly 5o 0ol 13 5 (YA) alasly 5 (YY) dasly S 5 L
S3lame JLS auls 3 el S5 U0 el 5 (V) b,
ol b o a b 5 ilee S e b
g o o313 OLES 5 (o Flop b ar (A5 S Glasls 2 05 S
Wao=f[rn m ol vd]
AS B D* G°
¢ B HY|y,
sym. F* I° | e

(ra)
dA

ileds jSJ C""“‘jﬁ.‘i DL Bs cAs (_;LAJ"ij;L“
Llss gl Al a5k LS ates o glatens ksl s
SISO a8 Cl amis 00 lag e ko gile S

W o Ol 2 O gt GSlme LIS Glas

Wi = jGEoﬂGudV (o)
v = IGIGG av (F1)
WY, = IGEcﬂGWdV (FY)

M adal, LS50 Gy 5 Gy Gy slayls ol 3 a8

g ) bl Cosein plaals Gladd e s

[8u auT {au,, au‘,}T
G =|l— —| =|— —| +
ox oy ox 0y
Y Y T T
. _8 W, _a W, F( )H |:8Yx ani| +
ox' Oxdy oy

fo | 2t ay T
Tlex oy ()

ofa 5T 5705 %

ary oy o on
F(z),{ax ay} +F(z ),[ ay} (YY)

L gt o0

q)

=8W

ext

SW

it —

(vf)

Lf"lﬁ:;j'@u)_ikwﬁ adafy ol s &S

o~ L?)L} oS rbu‘ )ng Lfb-b ol rbu\ ‘)Lg J_,v_bu.a g_,.;ﬁb

Wine 3 Wing 5 S

Flos b g 39 (o il ol i (6 65 s 0L
53 Jold s il e pemay g e s By Al
Lol e bl s ol 1m0 S a5 0 i )
Slesl Glasm a bse 2ol (Slome S 5 s (5les S
) 03 s e Ol Gy JUS Jilosi 4y b o amis 05
e by (S and g ol 5 (Ol S 1o
3l Oy o o i 2550 g s 650 5 G

g (F0) daly D) goas | ot JHs (S 3lms S
WE, = WD+ WS

mnt = nt nt

(¥0)
35 o Al (FF) o)y &) ooty ot 4 b o (gilme S

j ¢lodV D)

mt -
o3 adaly 53 o Oals 13 (YY) 5 (V) adaly 55 oS 5 L
Ly slasls 5l S a dor @ o o2 5 (1)
AV IS8 S8 5 phs g b slasls 53 G5 S «
Siloms 5Ls dz (s 2 52) dA (oW (> e )
P RS sl 05 S B b e b e (A2
SCPPRRUE
who =~ [ P

Ab Bb Db Gb Lb Tb mo

&

c® g B o® U ||,
I L S A

| %2 ldA
sym. o RP WP
sPoxP || %
b | LXd ]
. z" (rv)

j@‘mﬁbe)‘.@qlﬁdwbc’r wﬁ&béﬁ@b)b
lodd S5 g 55 g BP (AP sla L

Cj_.ig)_gubﬂgbﬁf&béjb,ujgmb\);
By e deles (YA) adal

\Yav QLLMJU 4\ z)LQ.»: 4\‘\/ JL.»: ‘J’“J"‘@" DL d.}v\.& LSLQJ:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

jsTAgW oY)

ext -
g 53 e 5 ARV AT AR (s sl G545 Lals,
Aok 63551

J g o 055 Glas s a4 bs e o Sl
Aoy dlen 5 osdme Hlad gy SeaS g Ul i
ISt g s e S sl gl e

s e ool oled

Bu-s‘
€, m
K T Bll-K‘
=™ AL, =BYA o)
X\ m=\ Bz(l\l
X\‘ Bﬁ
BV-EY
i‘ r B\l}lkY
XY = Z m o (Am=B'A (©f)
i m=) Bm
L ]31)2‘1
&= B Ay, =BYA ©0)

Syde Jlys hsy SeSw S BY 5 BY (B sla w5l
Llodd ol gl S5 (5055 ool 2 IS il g5 o 2
Lilodd 0351 e g o
B OO EUH B K o LIV BN WP F P P P R
e kr el g e Gl e Sl Sl S (G5l
el o .x_dlngj.x_m;\f\w,) Gl 4 Sy

gt gy 25
Wi?lt - Wmt + Wmt ©£)
Wext = Wext + Wexe + Wex ov)

Loly, s edd S5 aols s A gLl 5l S e
L Il asledd S5 13 Sluls 3 OV) 5 (09)
il Sl Gl LG S g b L) S sl
a3k (OA) adaly &) 5oy alasly ) ((FY) kel o

Pt

) Wlnt +OWi =3 Wy +3Way +8 Way (OAN)

\Yav QL'LW_:U 4\ Z)Lw..:: A‘\/ JLw cw.lﬁe.o DL é.:.l} LSLQJ:})

RS -

ox Oy ox 0Oy
BSOS e s
G, =& +zk, +F(2),, 1, + F(2)\y %« (£%)
G, =g, +zK, +F(2)y, %y +F(2)y, 1, (YV)
Gy =2 (YA)

Jw‘d)ﬁdu}ﬁwb‘ u}‘d‘wojjbwdwjb
‘_gLAj_/.:: ny 9 Dy Q‘)stw‘eﬁulf(\‘A)MbQ)yb
y jX ‘_SLLM/‘)‘)JQTUAJJJ_}UJJ‘_BJJA_JL;L_A.Q“_S‘)}N

w‘é)}ffb‘})béwlg;&jd}ﬁ 1’1Xy 5 Lo

y | Dy nxy
== ¥
o, h[ 1 (Y4)

s (53l SLS s (sIAS sl (FY) B (Fo) Ly,
Wkt 3 W «Wakp Sl cmto 0555 Jlasl slag
z e Jels Sz (giluliz gl oS del daal = s
o, L0l e djﬁdljiﬁl OLd Jesle g O ulu 3l
ww)wext )J(}) ‘J.:)JJ}‘ ‘_}.:A.lﬁ;-dbdp
5 s Gille Wl 05 S it e 5 2 (535 adI S
2l oles
‘Ve[oT T T LT

Weuxt :;J[S\ Ky % XA :|
A®" B®' D' G®' |1,
\
c®  E8" HEY| |k,
sym. F&* 8" T
Jeu Ly

©°)

Ol i byyje lalsy 53 W 6l ol S5 0555 Gullas

oY) J () Ju.‘}) L;'l—l"" e J—:J Wev;,(t J Wevxt

s RS
T T T .T
Wevxt_ ”:Sr Ky Xy X\:|
A% BE D& G
& oY)
c8 E® H¥ ||k
"1dA
sym. F& I8 | X%
Je L
QY


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

@\b S3AE pw) g -y

bl = dlie o ol ol @ 55 Sl Gl aslal s
Ol s e a5 SUe (6558 55 el &l s,
o dd i a8 e Ok S cmllas Dlasla Tl sl
Skl e 5 N 5 VST G5 LS Gl
Ll plaslssas 5 dsldar asslsl js 50l e b 8,5
L—e@ww%@bj‘fﬁ@TOPJJ‘Siﬁ@
Llods gl S5 Vs b

LS Sl b mlas Slasis -\ Y
S Tl i eamen 5 3l pe Dlos a5V 1)
Sl par Sl Sl Glm L pasite il
sl 2 3l

E=Y-eGPa , v=e/¥
Dot day Oy SoeS 0B & O RS S nl 2l
B3y a5 (PA) ddail

.
k=N_a'/x'D, D=1 _ (FA)

\Y(\—VY)
S Ny 5 Gos dsb a by culbesh G5 Ly, 5
RUCCENW Y ej_“s_})U_;.A PICEW JJ)‘ Vb— U’:"’L_“S f\j’”
i e sy Sos 550 sl sl el Slis ot

WS g R 5 D sods 5 035 DS LagY

E,=Y-E, , Gy=G, =+/%E, ,
Gy =/F Ey , vy =+/Y0

S50l slados Gl = Gus WSS dm Oy a2

By s (PA) el ) s
N=Nga'/E,h" (54)
e e Slaly 5o esle at VI Jde ((PA) dlaly o
iy 5l o 4§ Ly dly OF Jlie a5 ol o
Lol U5 ol p3Y aalsl s diledd b me SUS s el
ol osli il g Sl gy 53 pd Lesie Gus S5 e
LSS 53 5 Jats X e S50 o84S 55 dllis ol o
S a8 S e 3l |y il Ll 8y g 8550

qr

GY) L 08) Ly, &y son (OA) daly, S 51 S

Mgt

5 Wi =54" ([, (B")' D, B’da}A ©8)
WS, =8AT (BS SBSdA)A (7o)
awe“xt_SAT(j BY''S B“dA) ¢)
SWVt—SAT( (BV) S BVdA) ¢Y)
SWY, =5AT (IA B")''s,, BWdA)A %)

ey ol ine BAT S5 h s sl B8 il
Jlo sl 5 s e 8 0 A5 0 3 5o <l a5
555 0L () daly okl G5 L5LS
(K-2Kg)A=- (%)
b Cosen Ky (odin Sl 5 Ko (2w g e
L b e i 5 (P5) 5 (50)
K=J’A(Bb)TDbB"dA+J'A(BS)TDSBSdA *0)
ngjA(B“)TsuB“dA+ o5
J’A BY)TS, BVdA+J'A B™)TSs, B¥dA
Lol sl e a5 Sy (5F) 5 (D) Ll s
bl 2 4S8 s G5 (5 R ke slaad e
ATV aly s &m0 Ol 5oty S o o Cilisen (glag 55
5 Sp sl LSS5 BY AP glaadse s s
LS5 s BY A slaailse Lls 5l () alaf, s
ol s s 0 SIS o8 bl o1y S¢Sl
3 Sy Sy CF) adaly ool dlge e 4 35 055
Jol Lo 5l ST 5 (5055 olel 6500 Ol 5w Sy
e 4S deea (OY) 5 (O)) d00) ks 3 s il
e 5 ad (535 S5 el

Sheslial b glmm 5l ol Jlod s 55l 0 st
1l Sy V) ey S o sy pslie J
det|K 1. K| = V)

el 35 2SS Gl Jbcue 4 Ol 3 s

\Yav QLLMJU 4\ z)LQ.»: 4\‘\/ JL.»: ‘J’“J"‘@" DL d.}v\.& LSLQJ:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

ilisue (50 Jul b pelel p Ade 63051 Sl s =\ Jgd

L;;\)'T Ol s 358

S el sl g5 e b s

(Cross-Ply) dslxze Ul {

(Angle-Ply) 5o 3Ll

u:u:V:V:W:aW/aX:’szyyze

65‘)'“ Olrys wled O3 e 8 5 5L

) hais

(C) )\J;

F) 55

Sa9 75 s Go9 Slp 5SS kS dms O o 2 Y Jsdr

S5LS dns 03 a6 (k=Nga'/n'D)

: GBS
o5 i &
Al &3, ol adlas) 635 ol adlas) ST
\/SVS o \/PVF e V/$VE o Y
Y/45 oV Y/45 oV Y/45 oV \i
Y/YFOY Y/YPO¥ Y/YPOY 0
YIVASS YIVASS YIVASS Yo
T/AFYY T/AFYY T/AFYY Yo
¥/24) ¥/24) 0 ¥/44) e 0°

sl
(ol odaline B3 (V) J i CLJ 5l aS L S0k
wlin Tads 5l Ve s Sls i, 4 s 1) =W
S s pSde Gy keSS w5 [VA] LS8 m

C,.w‘ y BE (_sb.w‘)).) ol JL&‘WU_})J

Sl 7787187 1] ¥ oS5 L g o Gog LS T
s i e Cd 5 il 4 g S
LV oS i L e Bk sler e Vi 605 S
h S cslbis L [°/86° /807 /0°] (s ~Seg L Ul
5 Sl DL LaaY Sls past 5 Gl a5 Jl 5o
53 LS o el Sy 55 5 5 esle s st
Y G ol mls il a3 13y e sliu
Sl 3 psm a0 A 805 S S5 g8 bl

cilises Yl Jodie Gl 5 Cwlis 4o de S

\Yav QL'LW_:U 4\ Z)Lw..:: A‘\/ JLw cmw@.o DL ésv\.& Lsudi’j)

L5 0Ll e 3l Sl s (ilmosly o g 5 Jasl i !
sl Sl s Bl b i pd e S5 aalsl s (5
Jodr 53 el osls QLA 0y e (65,0 Lol o b
350 S sl Ve Sl mE S el Sh Y el ()

s S50 Ol aSST Ko il 451

WSS 5,9 Juls -Y-Y
A i ASCSS Bl 5 LY e G5 S
53 ORlS Lo S S sl sl Dl st by Sk ler
23 e ub s 4 A Gls Gl Y e bl
S35 3 83 pam A i SusS ol (V) s
Al sl VAT 5555 mW s et LI SIS
A i) s el lia o3 ) by, 5 ,Shas
S ot s Ol A el Sk e b alie ) e,
W LS o p e dhor Jold e (PF) dlail 55 K

Q¥


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

[° /407 /80 /o] 4N S 5 b 0 Goy SsleS das Doy oo 2 —F Jgib

GRS s D %F(N:Ncrar/Erhr)

il & e T

Do Yo Yo
(a/h)
S dsbe S

S &3 SIS s S e SIS s (EV/Ey) 4l
OVFEY  ONTYY QFYES BSYES OOV OF\0A FFDRS FYDAA ¥
VWAYS  VVRITY N1/e00f Ve E) QAW GAITD SATRN SATYY Vo
VAEYeS  V4/F8A5 WAFesA IATAR0  ONEYF IOATOY  ATFIA 4/)4¥4 Yo
YEEYS  YV/FFed  YONTAV YOAYYY  \A/BeAV VA/FVER Vo /VOFA )e/s4e0 Yo
YOMYAY  YONTES  YVOVAE TVOOIA  YYAVAD YYATES  VVAARY )\ VAeY Yo

Glaca sl SIS o8 5 G35 pom 450 g
e mlE b s eds il a/h=Ve 5 B /E, il
Sl ok ) 500 s s ol ol elis [7]
(59) aail, 55 Ky o5 Ll 0l I sl (Kg —W)
2l 5 el W L e i o5 L
adaly o Ky a5 Lledd 0L A= sl (Kg—u,v,w)
Wie o 1 i e O e a2 )
S ol b5 a5 sl el 4§ bW sV
s Jol Il diles [F] g e s s WLl s
LW e e aler LS L K oS Al
NG
L anlis 53 (Kg =w) 53 o &l s (F) Jdr )2
wlle GELS da Oads o pb s Gl 5 Se w0 S
Aaiss s (Kg —u,v,w) s s S ool on
e K ki g 5l 5o W 5 vl add S a0 385
O 87 (5 S Jlie 5 638 asloms 5335 1) GHLS o0

.MJJA 44“)‘
S= 778 ¥ S 5 b e Bos ASleS -0-Y

e (65 0 Jal

e Vs Gos SNy S Lo e eSS LS

a0

P W By Cl‘“ Sl ol S (V) Jsu las
i Jolls (P7) adal,y 53 Ky 45 Wles 0Ly A
P FE U R PO
sl ol 4 S
ol L as el ys Ol e (V) sdr 4 a5 L
=L BleS o s BUJE; e Nl sl
alh Coms Rl L ppaes il o SR RS
2 Rl ol el e Rl RS
AlS IS, Sl s e S Rl LSS
95 ol o BlaS o s gl edld AL @L\; ol
o S SIS L5 5 53 pa 45 D SusS
5 etV J e ol 133 355 b s 03 UG
Sos5 53 @S e SN s

Al ol Sl 1

[ /8%y /o] aa¥ S 5 b e Byy SRles —¥-F
Cilise glaaY slas gl p
Ve Gos Sy S S o) 5 e SO LS
OLssy Sloo a5 Zutlied b Jrade S0 Dler o
Sl 778497, /%] SLIL &Y S 5 L s b s

o35 bl (=)L Solew Y &5 =y

\Yav QLLMJU 4\ z)LQ.»: 4\‘\/ JL.»: ‘J’“J"‘@" DL d.}v\.& LSLQJ:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

[(°7407) /o] a¥ S5 L o m Bug LS day O3k o w2 =Y g

GRS s D %F(N:Ncrar/Erhr)

LS‘J" ol oslaial M

TSI S PRPRCIRY | i o) ki e e il Y SIS
fo Yo Yo Ve o5 (Kg)
YY/\Yed VAAYYY VE/ANAY YATYF O/FAAA )
YY/AYEY VA/AAYS VF/AAD 4/AY oV O/FAAY S w
YYN\Yev VAJAVYS VF/ANGS YATYO OFAY [5] o e ¥
Y1/4014 VA/BYYY VEV154 A/Voty OIYY Y
YV/A) A VAFANA VNPV 4/VoY4 WARRE 315 ey
Y¥/SVOV Y o /OVAY VO/VAA© Vo/oAQY INARTAY 55
YY/OYVF Yo/faN \OVYFAY Vo/oV4 O/f Yo S5 W
YE/SVO0  Ye/OVAN VOVAA] Vo/oAQY Ofess  [F] o e 0
YEXOSY  Yeorvra \0/7Y oV /4048 AALE )
YY/XYos Yo/YAAS \O/OF YA 4/4fYY AR SIS sn
YO/OAYS YA/\VAY \8/V o] Vo /\VVY O/fAYo Y
YOFAVA  YAN\Ye \8/0 Y Vo/\SYV Oferd SIS W
YOIOAYD  Y\/\VAY FZAREL) Vo/AVVY OM\Ye  [F] e e q
YONSOY YAAVYY \£/AYY Vo/o¥s¥ oYY )
YO/YVoY Y1/4°A4 VFIAS¥ Vo XYY oY S5 ey

oS T =T g e dal i el s mls S s s
DL oo wolsl AT gladd Ol min b (LS oo

.J\MJL;O )‘Jﬂg

Sl [0/ 0Ty &Y S5 L e Boy NS P
e gLl
Syboler A Ll 5 L e Vi 85 K
S 167/ =0, s S b GUIL &Y S 5 L s
Olew ot g Cube s S h S Culbrs Loy i 5
3 Y e sl 5 (LS Cow cl UL LaasY

\Yav QL'LW_:U 4\ Z)Lw..:: A‘\/ JLw cw.lﬁe.o DL é;..l} Lgl.ﬁu:})

Vo s s e /857 ], SUIL oY oS5 L 5 by
S35 o &S m b G55 bl (0) Jsdr 5 &Y
E\/E, =Ye s 5 a/h=0 gl S o8
Les Kg a5 Al oo gl lsen (50 bl sl
MJ_AJ.AL.:«SJQ.» S5 (Kg-w) Lebw Ll
Sl (Kg—u,v,w) eIl s W 5V ad se
JSJ J_slj Aoled A_“%LS.» J—<-.‘.J 6—‘;5 @Lﬁ; L' 5 ok
—)‘Jédjﬂja{_‘ﬁld‘ﬁeud\)‘cﬂu45&;...«4‘
03550 Jadr 53 £33 35 Sl s, S 51,8 5 Jads
Aledds
DRSS s i Sos slas e A3 4 A

sdalin (0) Jsdr llas Ol o 1) ol b oo il 531

45


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

[/ Ty Y S 5 L om0 Guy 5L s Oy o 2 0 Jgu

oS da O “."if’;(N:Ncrar/Erhr)

LS‘J’ o oslaiad M uﬁf S

sl
ikl S5 i e e o Cabis Ly
cC SC SS FC FS FF (Kg) (a/h)
VWFA4 \e/VOO  ANVVe  FANY FYAS Y/4es &3
VY048 VV/YAY  AASA - O/eYY  EFAY Y444 S
MW¥de  NeNOF  ANVFA FACA FYAT YA s e — 4] e v R
WANA L VWYEY ARAD O/eYY FAVD Y/AVA s sl = 4] e
WAOY  \o/¥OF ANV FNYA F/\Ye  Y/Aef &5
VWYEY Yo /AVE ABDY  F/AYe  ¥/YYe  Y/AQY S5 L
YI/Fae  AWVAOT VVOSY S/YAY O/fF0 FAYe &5 !
YY/oNY AVYAY  VV/SYA O SAYYS O/FAY FAVY S
YVEEY AVAYY NVOPY PV OFFY ¥AYe 335 - — [V4] e e v .
YEXPY  AAYOV Y/ FFAY 0PV 0/e8e spde slil— 18] o e
Yo/AVS  NS/ASN  NVXNE AT OV F/AAD &35
\AVAS MR R723 3 R R VA S\ 70 & S VA 2 SR FNY 3155 ey
WYSYAY/ENY O AYASY AYYO V/eOY  #/VAe T3
\WeVe VYFYE AT/ATS  ANOY $A4e  NVIA 3155
WYOF YV AYN e ANYY  V/eBe  BVAe 3l = —[V4] mr e " \
W/EOQ AY/Aee AYNYE AYVA L V/eA B/ASY  spdema slpl— [14] o e
WAAS AV \YASS  ANYD  $A0e £V &35
VY/AQY  AY/FYS AY/PAY NSO S/AAA S/PVA S5 Ly ..
FO/EYA  YY/ASY YO/FYY VEAXDA \Y/OVe VYoV &35
YO/e40  FY/Fed  YO/NVA L VE/FeY \Y/FFe \Y/eY4 S
YONVE YYAAD  YO/XYY VEDY AY0eF AY/eVY 38 fe— V4] e e " .
YE/FOV  YY/PEY YOAYA VYOPA NY/FAA VY/TYA 3 pdome cll— [14] o o
YONFA  YY/Fed YONAA VE/TOF NY/FYY AY/eYY &5
FEAFA  FYFYe  YO/e45 \F/Ye) NYAVE )1/AVD 3155 Ly

ORIl a5 S edalls Ol g oo I S 4 a5 Ll s
b U WS e S asls 4 a5 L ey sl
Gl LY slaw 5 & gl Sa sl adls J5LS oy o
Sl Bl a sl 4 Al b oavslie 55 =07 L Ul
sl amdl il a5 LB i 0 0=Y0" @ 5 al
e Ll ¢l = Gih} a/h=0 Coul 3 aSs s s

v

S 5 i afh ol S5 6058 5 60 p
e s s odd Ll () Uy Glas EJE, =¥
L il By o5 ) ol ool ol aylis [14]
(75) atal, 53 Ky a8 ol 0y Al 1y 5 S o
el WS s gy Al Jols g5
s e SIS S35 Ol () s o

\Yav QLLMJU 4\ z)LQ.»: 4\‘\/ JL.»: ‘J’“J"‘@" DL d.}v\.& LSLQU:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

[07/ 0], a¥ S5 L mp Gy pbeS das Doy o 2 —F Jgib

oS da Oy %F(N:Ncrar/Erhr)

CAAG:@A;.J’EJOM". ;

B=¥0o" f=Yo" 0=0" SosS
(a/h)
n=Y n=\ n=Y n=\ n=Y n=\
V1/A44 V1744 a/fAe VV/AAS VV/evY Vo /FAY S
VY54 Ve/AVY 4UEYY VV/oYY VV/oAY Ve/PVE &3 0
VYN £AY Ve/AAYY IR FRR VI 0% VV/oAY Ve/sVE V4] e e
T1/4¥4 VA/feo YY/t55 VW/Ye0 YY/OAV  Ye/deV S
¥Y/¥eo0 VANOO YY/V e WYY YY/OAY  Ye/AdA &2 Ve
AR \WAOY YY) WYY YY0AY  Ye/AMA V4] mx e
OY/2\0 Yo/VVe AZCIERLV AL FIOVO  YATYY S
O/VAA Yo/PaY FV/ERY \4/08Y FVOWY  YANeA $3 Yo
OY/Y4A Yo/P4) FV/EYY 147080 YIOW  YANeA V] px e
$o/VYY YA/00Y OF/AYY  Ye/TAQ YO/FOY  YAOYe SIS
Fo/NSe Y1/07e OY/40) Yo/YV4 YO/FOY  YVOYe S Oe
Fo/NFo Yi/ove Ov/40) Yo/YV4 ML ARV R ARV P T
$Y/oNYY Y\/SVe OF/AAY  Ye/do¥ FENYY O YY/e¥Y S
£Y/oYY Y\/555 O¥/A4F  Ye/doY YT YY/e¥Y &3 Veo
£Y/oYY Y\/855 OF/A4Y  Ye/doY YENYY O OYYRXY V4] ax e

)JY)W&[:—«#‘))J&L@SM&))C‘}WM‘JG&JJ
jMw‘dbg&LaS@l.ﬁ;@\eMﬁb\(Y)J&&
53 Ky a5 10las 0Ly Al sl eds €l s Jilos
urﬁﬁlﬁ‘sﬁwad&uf&u(f?)@b
sl ol s S Lol s W 5Vl adle
As&ué)jd‘jsﬁyovuuw(*)di&)‘45))14QL¢.%
s sl 650 Jal L O PSS sl 3l S Bl

LS s 63U 86 a/h b 4 day il

\Yav QL'LW_:U 4\ Z)Lw..:: A‘\/ JLw cw.lﬁe.o DL é;..l} Lgl.ﬁu:})

=Y) 35350 3 oolaS Ay O Cu o e VYY

(=) p g 350 55 (AileS dns D5y o o ldde T

WJJJ—"J%,))-’“SW}: JJ\HQL}U.A ol
BE ‘_r’\j}"' u1)_> 5 Wledd 45\)‘ JNL dl.hsjﬁ LS‘)" Lol
J_>-ﬂ_5b u}:_}))\ e)LﬂJ_w\l_'AS[V\] C?JA @L’&LML&A

J..:‘T S Sl 0

So 3 gl VST e Boy LS VY
~]_, .

L e S nl 9V Gy SileS ey O o o

e s ey ke b e 55

aA


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

40 L
-~ 35 | o
g &
= 30 =0
5 5o
. 25
E
Z 20 | 0
) o .

[==]
5 p A
% o a/n= " 5
- 10 |
=
E ah=5 -
= -
z s ¥
0 . . i i
0 5 10 15 20 25 30 35 40

E\E,
i) J e S ilan 55 SleS iy 09y 2 Y IS

b et Bb ler g0 Il b b o p ¥ 8,5 S EV/E

a/h Cilisue g gl p [° /407 /4% /7] uY S 5

COS g b  Sin 6 el (63, leals Ol e
e T sLla s L aslie > SSL Gladus sl

a5l

Sl 7187 Y S 5 b e Goy SLS -4
s gl sluss

L e S Sl ¥ Gus (SleS A 05 20

Oler o L baa¥slas Llis 5o [°/4°°], oY S 5

s dswa/h oo Sl AN e s ot i

ol = Y e glaly 5y LS o E\JE =Ye

sl ol 11 (F) S 5 S5 o5

LYol 05,8 b s (F) Ko v ar s L

s a/h=Ye U Cubhs a A sl 5l
O3 oy Ll 353 e GHLAS b a5 LB G530
M s LS o afh e I e
KB psba aVoler w aY oo 5 a slaws 20580 S o
AU Ll syt e (LS o Sl Bl e sl
il eSS L e Y Sl Sl Y sl 5

Al Sl

49

10

9

£ s o=

T P

FIP

5 sc

z s

E 4 & - SS

N

R

£

S 2

z L —» 5 —LF ——p 3
1 l— FF |
0

5 10 15 20 25 30 35 40 45 50
a’h

Sl SKesispl e Sos SS dn Ol o2 Y JSS
il (55 0 sl

Rolis ls 8 5 Jeaie (g0 Ll L aalis o Lol sl
ol a/h=Ye Calbh s an dw cald b LS oy o
s (65 Sl il 5 il e ol L O 51 s 5 il
S b e SRl i ol ALSASS 58 s VL L
RS 3 03 1S = s 1S (g5 e Jal 2 3 ) e o ri

S sl 015 oo 33T =351 (630 Jal o s 1, lis

[ /87787 1] a¥ S 5 b (o Bog LS AT
S J s od 5 Sl 4 dny S 62
—alisea
S5 e S S Ve B GRS e 05k S
53 Jaie G, b e (g e il L[0T /407 /807 /7] &N
KU INCNERP [0 A NEPCRUIN B PRVSCHNR Y K F
() S 53y osmme bl 53 (2lS o afh Culis o
0k U (535 py 450 sE g G355 ol
et oS el p s () IS e e s L
S SRl 1L GULS ey Oy o 1 (ol (635 p 5
Coalbid 4y day Cond e 5 BBy sV sk
ol b anc NI Jsde ilssl 31 Ll b e Jisl53l a/h

Sl golea Ll e 2alS Calis 4t s Ol

\Yav QLLMJU 4\ z)LQ.»: 4\‘\/ JL.»: ‘J’“J"‘@" DL d.}v\.& LSLQU:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

40

O IZ3
z - /’\&‘.
2 s 2
- ® e E
8 2
N ’ ol Fs,
® [\ °
25 | w < B, L [ar/\&_ .
‘,6"\:‘ B R ]; E

i ’ x ——— Zs
20 + v / - = ) “S
= [6°/-6°), . E,/E, = 40_J —

Normalized Buckling Load (Ny)

[6/-6),, BBy =20

10
[6°/-6),.E,/E, =3 [6°/-6'),. E,/E, =3
\ &
5 5 e
[6°/-6°),.E,/E, =3
0
0 15 30 45 60 75 90

Lamination angle (degree)

SUI il sbls5 blhe 5 HWS dm O3 5 -0 S
Sl ol il e S S WYL By S
i U =AY (ol [0°/0°], Y S5 b e
a/h=Ye 5 e E,/E,

Sl [07/-0°] ¥ oS 5 b m o Boy SLS -1V-Y
e gLl
L e Sos Sl Vi Gus WleS day Oos o 52
oate Gy b L 5 RS L [07/-07] WY S
Sl a dony o Sl a3 A0 U b bilss ¢l
el o By/E; =Y anauNIJsds 5 il a/h
s Slaly 55 GRS S 5 (63 e 45 0 A G0sS
ol s S () S5 sy
La/h=0 i o 2lS cuy () o e s L
omm s b Sl a3 V0 U Jao 5l SU 4 sly i
il (LS o s a3 YO V0 sl Sl e O
Jol a3 YO 4 coms Oolime A0 L5 YO sl 5l 5 b e
Ll (S o oo 35 afh=Vo o s ol S35 5,15e o
ot Sl s A5y afh 2 Yo Cubi s s du Sl 3
e a3 Yo s 4l 5145 Gl Sy sy s LileS

sl e il a3 YO B e 5l rals il oy o

\Yav QLL.V.:U 4\ Z)La.;:: A‘V JLw cdw.lﬁ@.o DL 6.:.,\.9 LSLQJ:})

40

35 [0° /90°]
————[0°/90°],

s [0 /90°]; [ :
30 |
[0 /90°],

[0'/0'), —*

Normalized Buckling Load (N)
e
o

5 10 15 20 25 30 35 40 45 50
a/h

4 dny Cod Jlis 3 LS ey Doy a2 T IS
byl i b e K59, Vi 3,5 S a/h Cubhs

slp 778 ]y ¥ eSS L Jeais O b ler 5
E,/E; =¥ L ba¥ sluw co- p n =)V, Y,¥,0

Sl [0°7/-6"]) ¥ S5 e Boy NS VoY
e gbly;
L e S Sl ¥ Gos (LS da 05 o 2
5 b o L b sl e s [0°/-6°], &Y oS5
E\ /By o ¢l S35 o8 ol Y i
2 Y e sbiwly 53 GRS oo afh=1e 5 il
el 0l &1 a3 40 b Lio sLlss sl (0) IS
gl s ol SRl L (0) S 4 5
Rl RS S e Y sl (Ll 4 e 5 Dok
e s Cd 53 455 5 23 al adl Al
s 5 b b Y sl [l B /B, =Y ol
Wil Jsls Sl Gl L oSO 25 e sl 2iles
Y oS 5L Gus s el 3 sgie Y sl ilsl L3
Yo s i 5l GUI sl il LY 5 L [6°/-67]
Ll FO LYo 5l s el ialS LS Cu b e s
sa¥ ol L[07/-0") oV S5 gl — Lol b e
LS s a3 YO b s 5l &Y 23 L [67/-67],

4_?).3('\° U\c())| Lﬁ:é)_} dlj o.L.i':JS.S Loy Julig;o d:’i‘fa\


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

cc

25 sc

15 | L

10 *

Normalized Buckling Load ( Ny)

FF
g T ’

SF
CF n
=y
14 o L . . L N
0 5
Normalized Buckling Load (N

10 15 20 25 30 35 40

¥ J gt s (gl [7/4°°7 /5] ¥ S 5

ilisee 630 sl b Cow a/h=Vo g B, /E, =¥o

40

Chart Area

35 9

w
o

[
h

[
=1

Normalized Bucling Load (INy)
73

‘!‘“a."“h:S-—//_‘h\.\d——/‘

o
=]

0 15 30 45 60 75 90

Lamination angle, 0

Sl iz gblgy Jlie o mileS day Dok oo 2 —F IS
Sh Ll Gl b s S S a6, S
a/h cabd & day o (515 [0°/-0°] &Y S5 Juris

E\/EY =Y. %Y‘ J‘ghjhﬂ.‘b'u

b
L] - (=) o0
*

Normalized Buckling Load (Ny)
E [} (-] 5
*
®

[
T
N4
N

8

10 12 14 16 18 20

Normalized Buckling Load (Nx)
s WYl J e G g1 a/h =)0 L[0T/ —¥0"] ¥ S 5L Sun 5,0 g AVl 5y SileS LS50 Hls g0 A K2

523 S5 o8 bl s i g5 e Ll 2
Sl e ¥ G RS iS5 o sl (A) S
S L [F07/ 0] Y S5 L S 55,0 Jhate )b
aviaYl Jsde Gl gl a/h=Ve Culbi s a A
el 5 amio 055 Lo s S 5 il B /By
Ll 0l Bl (635 by (58S
Sl 5 51 aS Shge 534S das e QLA (V) IS

sobew Ly Ade ool3] Sl P et — ade

Vol

415 O Jsl a3 YO 4 o a3 40 B YO 4l

SlaY GG, wgr 93 S SN S gy p -V T-Y
95 53 Jlasl ami o 0555 slay 0 Qujvﬁ;ldiﬁqg-ﬁl);
J'L,S)JJ‘)‘J)N(\/)‘}K'Q)J 'Jﬂf&)|}dw)ﬂ'>)}'°b‘”")

Y S 5L Sy Sl e 4V B LS
dsdes s a/h=Ve Cubis 4 da Cund gl [7/497 /7]

Sl amio 055 lay o oS By /By =Y a .zl

\Yav ul:...\.;l.? A ;)Lw.: A‘V JL.»: ‘J’“J"‘@“ DL dbv\ff le.ﬁui:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

P SHU a0, 4 S Wtw-'} =2 ks
.hi‘ﬁﬁj‘ijg)}_.pjb 'Y W 4_3‘)‘ U.;.S)J‘:‘ LSLA)"’}‘"’ sl
JJ}_.LJ_TE»(_;J\)'TQLQ-);}\Q_éﬁM—M&}J_»
o Sl e Al Rl aLSASS 558 Jolew
S SNl 555 Olipe S 5 baly 53 8 55 2LS
%M&ALS%}AL{TQJﬂosﬁ,\:&}\ &3l Sl s
S b D JE S By g 05 e SRS
er?—;fo))dﬁud])bch/.wfe)‘&‘&ML’@‘)}JJJ

J‘fjgf L

th';*nﬁ:
3 Y s Sl 3 L mlg s e U S

I Gy S5 X e bl 3 er 5 5ISY g

cleds QL:: _}'i) Q‘)MM iz\)r 6‘ﬂ)>jw

b-¢
l?'imﬁ_
N Vi NiVe, ce e e
C e NV NiYgy e e o]
NiYin NiYem NiYem NiYy ooooc |

W'Y,
°o e TW Iy
b-x _ "
B: =|o o o o _\Ni Y\m

"
R Yy - -
" .
RiYm - - ’

m
!’ ! !’ !
S YWY YRIY e o)
(6 6 o o o o N, Y/, o |
B::.xa N . .
o o o o o o NiY *Jien
o o o o o ]
B::;Xb =le o o o e o o NiYyy
oo o o o o o N Yo |,
i e o o o NI va'
B:’I;IXC =|o o o o o o o o ;
R, \F Y;m_rxA
o o o o o o_
B:’I;Xd R N "
r —
oo e e o e NIV o -

S5 aalsl jaas Gla o Sl 5 (V —0) e e Sl s

\Yav QL'LW_:U 4\ Z)Lw..:: A‘\/ JLw cw.lﬁe.o DL é;..l} Lgl.ﬁu:})

53 eleS s Gl Comge AL Ll A BT 543
Slars 5l 5 STl o5 e Ol S a5 Ll 55 58
LS s S e T 0 032 ke S (315
5253 RS b Dl ks S Sl Iy g 05l
23 b b o OF gl 5 S o311 G ay b
L e
et s s RIS LA S0 w0 a5
Jeol s Al e SRl Ly g5 5o (HLS s (B JE
maS o s b sl amio 0505 slasl ¢ gere
ol 45 5ls ml Sl 5L aasd s 358 e Jlesl G

by Sls el G et a5 L OIS e )l

S S amii 5 ghyperr —F
Pt Gl LGy LS ) pan b G o
G Ry Olmoas s gdome Dl Ry (iomen g ol als
g LS 5 Ll g Jab g s oS o el Sl
23385 oo Slaad GG Ll i Lol (gl e S
D5 Shplrals Gl e s JS8 a5 Gl 2,0 e
el amie 055 Sla gl sl $FISY W5 5 amio
N dn glapr fle 5 (g gl fle gl Sl S
S o5 ol A el el el (glaee LS dlad
wdg Olall ;o (gl (Sl S abaly s S5 i SLOs,e
O bl a5 3kl s (o y Slo 5 0
So Jm S8 w aide (LS dlis algss 5 e ]
HBMj\PB@uj\ A ey et polie i
o2 ol o ge Laa Y slaas (2158l oS il s Ol 5 e
oy —ials 5 LaaY sl il 36 bl sy e ils
o ol $9) a3 K 6 Al gl e 41 s S e
J_E;ﬁwjvgua_ﬁ}»u)_ajj\ﬂm}d&iﬂw A
L aolie 55 S 8 (sl (658 Sl ol ol 4 S
33 o OF o akaz oLt gs (57) dlal, 3 K o5 Al

3 by o) U A S e bW adlie S


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

A = Zj QY (F(2),,)' dzs

(B}, C}) = zj M QYIF (@) (F(2),),F'(2)y ) dz
(Df,,Ef,,FS)—
ZJ'Z:“ QPF (2),, (F'(2),).F(2)yy.F(2),, ) dz
(Gf,,Hf,,If,,Js)—
kZ [ QPF @ (F e Fen Fon F ey
"
f-o)
eaits 4 S Grie F'(2))) L5 €505 Olgeas () e YL

s i,jz\‘,() 9039 Z

o ol SIS L bas e a5 (00) adasl; s -V G g
}Bgu ;Agu <C,_w‘4>d_..pd_5)3£§l_hjﬁ.ou.]aff

RHINR QL:J ﬂ)

ij > ij

N
(Agll B&Y Cgu) ZJ‘ZZkJr\ G, (\,Z,ZY )dZ;
k=) K

N
Zg 4y
(OB = 2], 0. B (2 ) de

(Ggu HEY & Jgu)_

ij >y 0Ty
Zic
Z jzk 6. F(2),y (1,2, F(2),,,F(2), ) dz
k=) K
(O—g)
9 Bgv ;Agv <(()Y)_5 (()\) .}aa.b) BE g,_;JJS B ]
5 e VXY slul @ o0 el o o Sl ABY i

el Ol 3 b

ij > 7ij °

N
(Agv B CgV) ZJ‘Zkﬂ o, (\,Z,Zr)dz;
k=) K
N Z
(DF'EF,F§Y) = ZL:‘*‘ 6. F(2).x (1,2, F(2)y, ) dz

gv gv 8V 8V
(Gl] ’Hlj ’Il] ’J )_

ZJ‘ZM\ 6. F(z)y, (\,Z, F(2)yy, F(2)y, )dz
k=) K

VoV

QL?_MUWJJ a.A_,iJSS .,\;.j‘) Lolen "L‘iTL;‘ Cewdds P
L bas o gla s le (s (1S Sla g Sle 0 b e

I u,;..o'l_‘w B BB =L YY) “—b‘) B w‘;’f' J:"'Js

RN
. o o o o o o . o
Bin;{ t= N. Y. }
EEREEEEEE Y, -
BT | N; Yy,
im o o o o o o o o
sy, o o o o )
Bim® = . o . . N.Y } ’
L 17Ym Jyxp
Ba _ o o o o o Yy
im o o o o o
Y -2)

s 3l LS 4 by e a5 (YY) el 53 =Y G g

g s Laa s e g e 4 b e TXY

Ailedd Oy 5 Ll p 3

(AB,BE,Cb) ZJ k+‘Q(k)(\,z,zr)dz;
(DY,ED,F) = ZJ *QF@),, (12, F(2),, ) dz

z +\
(G HE, 1P, D) = ij QP @)y (1,2, F(2),,F(2)ry ) dz

b pb pb b
(L1J301J7P1J3R1J7S )_

2 [ QPEEN: (57 F@, F@)yy o), ) dz
b b /b b vb b
(lesUlevljs“/]J,Xlez )_

Z [ QP F@) (52 (2, F2dos FD 1, FG) ) 7

¥ -)
(T"‘\) Ah:\) BL w..\}_r.q.h e i,j:\,Y,? c(Y’ —g”)) .h)‘)) B

.b‘o.l&dl.gﬁ)b\_})fﬁmuq‘ydmw);

\Yav QL'LWJU 4\ z)LQ.;:J 4\‘\/ JL.»: ‘J’“J"‘G"’ DL dsv\} LSL“J:})


http://dx.doi.org/10.29252/jcme.37.1.83
https://dorl.net/dor/20.1001.1.22287698.1397.37.1.4.8
https://iutjournals.iut.ac.ir/jcme/article-1-636-en.html

[ Downloaded from iutjournals.iut.ac.ir on 2024-07-03 ]

[ DOR: 20.1001.1.22287698.1397.37.1.4.8 ]

[ DOI: 10.29252/jcme.37.1.83 ]

B =

m

" "

|:° oo 0 =W Yy _Ri Yym © °:|
’ ’ ! ’

see e WY -R{Y e e

! ! ’ ’
Bk — oo e o WYy SRiYy, e °:|
im N "
oo o WY Ry Y, YA

1
!
Bx‘_ooooooNiY\mo.
im™) ., . . NY. o
1 "\m YXA
r
va_oooooooNiYYm
im™T) . . . . . NY
1 7Ym _yxa

B?’v-sr:|:° coeo WYy RiYy, o °:|
m ° Wi Yin Ry Yy, o of

(V—g)

transverse shear strains
. Equivalent Single Layer (ESL)
3. Refined plate theory
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