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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, static analysis of transversely anisotropic laminate is investigated using improved zig-zag
Received 01 January 2017 theory. Variation of in-plane displacement is assumed to be sinusoidal while transverse displacement is
Accepted 11 March 2017 assumed to remain constant through the thickness. This piece-wise continuous sinusoidal function

Available Online 29 April 2017 satisfies transverse shear stresses continuity in interfaces. The Hamilton principle is utilized to derive

governing equations and related boundary conditions. The Navier-type solution is presented for simply-

gfg‘;’:g‘fﬁeory supported boundary conditions. The theory has the same unknown variable field as Euler Bernoulli
transversely anisotropy beam although it predicts stresses with high accuracy. The validity of solutions is confirmed by

transverse shear stress continuity comparing present model results with that reported in the literature. Numerical results are given to study
the influences the transverse anisotropy on displacement, strain and stress fields through the thickness.
The piece-wise continuous sinusoidal function offers more accurate transverse stress distribution in
comparison with the piece-wise polynomial function. The present theory provides a slightly more
accurate stress field through the thickness compared to high order shear deformation theory, which in
turn is more accurate than Euler-Bernouli theory. The result shows the continuity of normal strain
through thickness predicted by Euler-Bernouli theory has no physical basis. Furthermore, the improved
zig-zag theory is capable of capturing precise stress field through the thickness in transversely
anisotropic laminate

cSle sln Sl sla)lib o <) RPN Gimmen 5 019 (nl (aoSs docdo -1
Slabad colo sl ol bl slge 51 (S g jamalS « S Slakad Sy50 (£,9) sl laojls Cile ly i bigjeels asds o
bsyip a5 col pl begieels 4l S cde 1] as S 0975 o)by0 BT mulBl Ldoas ejgpel Lol xS e I8 colinul

Please cite this article using: 2w Lo 03Uu] o3 Oyl 5l e ol & glayl g1y
M. Ghalami-Choobar, Gh. H. Liaghat, M. Sadighi, H. Ahmadi, Static analysis of transversely anisotropic laminates using improved zig-zag theory subjected to sinusoidal load,
Modares Mechanical Engineering, Vol. 17, No. 94 pp. 393-398, 2017 (in Persian)


http://mjmec.ir/
http://mjmec.ir/
https://dorl.net/dor/20.1001.1.10275940.1396.17.4.41.7
https://mme.modares.ac.ir/article-15-7289-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.4.41.7 ]

Obled 9 393 (5ol8 Ul

Wi Yl s AL Sgue S1H) o955 b (168 3)Tlunoed B (i jgaels pus S biwl Jukxs

5 S g5 5l a5 ols alie glgl basyen pl el oY slaws
G55 A5 0ad b (ewyd GllS o oud WL ol gg o0
) axd; g 009y b ol Jlo )3 595 4 59, o5 S9di o (tihe oz
79 JB g Sl Vb lags 98 4z 5 ol i slacll
Al iledae Come Guizmed 5 (o258 (Shp B Udon ok 50
Sl mre b QUG ey ol b (Jy N9l oo (2050) 5l
Sles a5 55l (VST oot (Ol (nl Ho il ) ST
Cono poli (Wl Jelge (293 odlas W pS (0 Shiye 1) (S5
DS oo 5B (Slewbre anpe izren g SlY 5 (mdge sile o

S0 S all]y glulr plae ab » (Jae 1984 Jlo 5o lged (0
Mo Grizmes 5 Jol ade Sl i plbele Gl
2000 Jlo ;0 63,150 ¢ 195 58 [5] 09y (S1) Koy @l 3N atwsg- s
saYazr glub 5 Sl (et ], ST e Sl 2k
spam 50 a8 3l i dlol> bl Wo ST (cwyn (Zugle 9 (SujerelS
JET s (o250 A8 (S i Rl ez Y 5 (kS e S
o ol 1y e Doz 5 ol (g Y Jaa ool [6] 005 e
Senl Ol b s 2007 Jlo po g o o] (2258 oy (1S (g o5
I71 5905 1) 1) sovaz Jow ol gwlad JK1 90 51yl Tggds (0 Joro
8 » ) el plase glayal)ly 2852010 Jlo o ol Sen 5 JLus
ol 3 sle Jlo o 6595 ool (8] a3 gy STy S5 slo 595
oo a5 alax 5101 ol onss 5 Jlee! (msiile labisle 4 Jow
wwd a5 a8k (oo 1) 0)5 (5 4z ) LSs s dse b b (595 5l aws (nl o
1Tl 5 4ty B SaandlS sl 555 5 35 51 595 ) omamis 8
SgelS oy (ied 32015 Jlayd seg g 098 05 sen 5o
Slow p G059 lus 5l assls 13 asllas 0y90 1) (Zmgaile g Yo
1201 w5 sslitsl b Joam (sly bglie iz o0 5 ool

&5 5 oo 00l 5t Sezae SN 6ye8 S S Wlie cnl o
W85l )0 ST aiugn (omg D)god GNAZ (o258 (Sp S
Vg ok slaad o oy 5 (b he »edle @i (nl Sgdise
el g S (oo (Sloity lte slaa 5138 3 ) dtegn (25 @)
5 Uiy, Jleel b oSl c¥sles ol aenia¥l 385 o b g ki
G U b b ol Jae gasll5 sy sl 5 onal sy (sle
S0 Glp 60,90 addllas 00,5 o anlie mlie jo ool 5135 A WYl

055 o0 plnil (200 (60 Kiluasls Conl (ize 5 (5,95 g5 (nl HLS,

AL g SIS 5198 SS90 -2
Gl sl 08y b o 45 S Sl o ) "2 USE" sl 0
oS gl eis ojle opl (SSll LS, oSl SYolee (8L
laad )3 (ud Jho podle (25 @8 cnl adioe A Sl )3 (LS5e
S o wal 817 liuly jo (Swsy ol Gl Gy 5 YL

# s e Vo culbhs bl o oo cbp GRS Gl

S oo S
nz _
7= 6 {4 +m® (cos(5) — Y, @) o
00,5 o iyt py Sygo M ] 50 a8
1
mi = 0o (guo o 1) @
4 Layerwise

4 o )lasis 17 093 1396 Hu5 (oo Suille wdito

555 3l (powizesl] 5 Y58 aiile) Jslaio gusiigo olso &) S | (sasion
Cuglie flin ogpate vl 5 pogate (Hhw oS wias e LA
[2] s alos T 5l aBlogag (Kins Cooglie 5 YU (5,95

slos,lsds of 5 0,0 5 S S0 s, lzle nl 092y nl b
ol b a5 T el e bojle cpl (b g Judos b bas e
oon O g el 5 @8 pidls wiels (el slaojl
Fi) Cend (S 5 3430 jlade s e Gl LI cwSs
Slagbsy 3l eoliial (Milice (5 oyt sl 5SS £9,5 Jlone
il b 31 J 3] s LaKal, bxl jo 638 slaojle (>,b Jglae
gl Gl 35U A 58 ye8 Bl (ad et g ojle (225 oS
Swlis Gl ol et 2k la Jool, 5l (S plgie 4 el
't o e (SadS et Sl 5 o gligl ad ey el
My Gy Sonl Culis b)) o ISpmss 5 (3515 o250
3 BRExS B9 5 Jir dein Jsl p Slas,et a3 S
L)l sl sloaYoaiz cnl Gpmlim 5 (290 S0l S
RPVIRVEN S

Jse Dglid) (oye (60 Kiluanl Lo a5 (glaY lacyjsals Jodo
g e R e g (Cals Sex o baY anl
el s ey [4] (os0s 25 albmle @bl slaYobe
@l s b jo ol S 5y 9 5 ot slag)en Sl ln
3 Gilwde sl aSST L g Wloads ools drwg o, Klues saYSE
g b i Js aims e plodil BT s Ll g5 0, Klaen sloojle
las el bagYois )3 aliee ol 5 oS cos Loyl Tbaayg,cle o s
Stwge byt Jlasl (oo 63,5kwanl b Sy jenels Ko sy 08,5 o
Sl Gl 0wl BB obnl Eel by 0 G5 g ool
oy UX Uy Uz olul> slaglae ool o Solas cpl & 005 o
(1 JS) a8 (o0 (amgidn b S13S0;

Gilodae Sly gy 9y @ Srie Glais sanlid 5l Lo &
O3k Sy WS 15 arg 000 5 lpe VST o (6555 lojle
S e o955 (nl )d Jstme slojesiin slaas a5 Conl (pl o los %5

displacements transverse stresses

3,z 3,z
bFroe o b
8| / Ki: vo@y) T 7 % @y
v \ )

isotropic-monocoque

(@ Interfaces)

3,z

. <
i
)

| 1,X r | ! i 1,X
/ (2y) (2,y)
[ 1

\ i y i l\

multilayered (three-layers)

Fig. 1 Displacement and transverse stress field in a lamina and a multi-
layered [4]

[AlaYaiz g ¥ S5 55 (oo A5 5 abnlr Ol 1 S0

! Transverse shear stress
2 Interalaminar Stress
% Interfaces

394


https://dorl.net/dor/20.1001.1.10275940.1396.17.4.41.7
https://mme.modares.ac.ir/article-15-7289-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-25 ]

[ DOR: 20.1001.1.10275940.1396.17.4.41.7 ]

Obled 9 393 (5ol8 Ul

Wi Yl s AL Sgue S1H) o955 b (168 3)Tlunoed B (i jgaels pus S biwl Jukxs

S5 ol ogs o oolatl (gilre S5 Lol Sl dloles 2l 5unl (6l
S, ggame conl Jobs Jlo 0 a5 ez 50 8l e ole b
Sl 510U g3lne ladie 4 (89 o Jolai Slag s lawgs ool plonil (5 5lna
L ol oole las "2 JS.Z" G Ay bl jao Dol oo ) @515
Db sa sl p5 O ypods 55lme ollr alwg 0ol plil (6 5lme
L
oMoy = [ [ 16250 @ + et oye® @ldsax
0 S

XB
- f qéwdx

XA

— G,0u, + 1,,6wldS
51[ X X Xz ] 1 (12)

556 GVl ion L 50 (5500 bl o pasuin gla i Ty g Oy oS
dmbre (ouain lule- (535 al; Gk 5l 8,5 oS aes o i

Y PAW

7 (x,2) = Uy () = 2w (x) + FR (2D, () (139)
F®(z) = g (240 +m® (sin(n—hz) —2)+c® (13b)
9

v (%, 2) = WP @)y, (x) (142)
s®(z) = A® + m(k)(cos(n—hz) -1) (14b)

lodds el S'gn alsles 3,k 5l b i 45 ans e olis H sVl
Wolae 35 ol yss Slas 5l oolizial b 8Mpyp (55,51 onls 00,5 aaS b

ilos Sy pj Ojge 4 oS>

Sw: Mx,xx +q=0 (15)
874y Ly — Q=0 ¢
S bl g
ow: My, =V =0 o
5W,x: M, — Mx =0 (18)
6?352: L,— Zx =0 (19)
0, o i yaT ) g 4y S slaan]
t/2
Mx = _f_:/z ZO';’(k)dZZ DVV,xx + Dyvxz,x (20)
t/2 H(K)
Lx = —t/2 f(k)O'x dZ= Dnyx + Dyyyxz,x (21)
t/2
Qx = f g(k)s(k)(Z)ng(k)dZ = ]sz (22)
o
V= f T,,dz @)
—t/2

S (6,855 092 g0 e Gl Hlad Mol iy a5 sail 5o
S oo Jae 1) SIS 5k, &5 bl oVlleo L Jy wil oo

dmbre (chn Vb A0 (6595 b wlien) Ojpo 4 55 5 sla e

'))d)fk.i"o
D N 72
AN A C A (24)
Dy, ) =2 F0?
N o 2
J= Z f Gg® (sV(2) dz (25)
= z(k-1)

5 oolw o5aSs > o WY, aligs sl p) Ohse 4 sla >
O B N P PRI ORI FSE DN

3 Functional

395

S

Fig.2 A laminate subjected to distributed load and boundary condition
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Table 1 mechanical properties of utilized composite A [10]

Jlade Cooguas Slade Cooguas

(MPa) Sl (MPa) Sl
5 x 10° Gy, 25 x 10° E,
5x 105 Gy 1x10° E,
2x 105 G, 1x10° E,
0.25 Vo3 0.25 Vi
0.25 Vi3
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Table 2 Mechanical properties of utilized composite B [11]

(MPa))lm k_;i..v&n Comogas
52 x 10° E;
17 x 106 E,
17 x 106 E,
0.25 V1o
0.25 Vi3
0.25 V.
7 x 10 Gﬁ
7 x 10°® Gi3
7 x 10° Gy

[11] ool 3,50 poesl] SeilSe Sloogas 3 Jgao
Table 3 mechanical properties of utilized Aluminum [11]
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Fig. 7 Variation of normal strain field s,f(") through the thickness
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