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q(z,y,t) Z Z Qmn(t) sinaz sin By ((Z.1-H4)
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11 = Ana® + Agsf?, 812 = (A2 + Ase)of

813 = —¢1 [E11a2 + (E12 + 2E66)52] a

414 = B11a® + Bes8?, 515 = (Bi2 + Bes)ap ( 3.4-2)
do2 = Age® + A, Bos = 15

S23 = —c1 {E22ﬁ2 + (F12 + 2E66)a2] B, 25 = Besa® + Bypf?
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3.4-2 Antisymmetric Ar\j/efﬂ] Larminates (SS-2) b
The Sim[)lj Su[)/)ort’fo( (SS-2J \oaumu{o\j carclitions owe satishied
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d11 = Ana® + Agef%, b1z = (A1z + Ags)a
313 = —c1 (3E16a2 + Ezﬁﬂz) B
14 = 2B16af, 15 = Biga® + Byg#?
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Q|n0\,'>t€\/ X - LO\J evrwise Theo‘}j and Variable  Kinematic Madels

9.1 Introduction
What we have done so far is to considler one set of constitutive eguations

or gverning eflintions for the whole laminate. Such methadls are wleedd
Equivalent ginjl(;-loyer Laminate thcof] (ESL theoryes) -

The Simple ESL laminate theorieS ove mose often incapable of occarately
o{etem—,,‘ni_ry the 3-0 Stress Frelel ot the f’_'] [evel.

Thus the o\f\o\\Js}S of />rimarj Composjte structural

Comlﬂoner\ts Moj ref;.un're the use Oac 3-D EIO\SHC_:y

tkem_'] of a laerwiSe laminate tACoU that Contains



full 3-p Kinematics 0\1\01 Constitutive relations.

In (ayerwise method e have e gulibriwm of interlamina

Farces D inplane Stresses tronsvers stresses
(k) (k+1) (k) (k+1)
Ozx Ozx Ozz B Ozz (9 - 1)
Tyy 7\ wy v\ 9yz =\ %y
Ozy Ozy 022 Ozz

Since [Z{(K% C_Oljk*l n jenemg , the Strarn Lrelds of ao'jace.nt lﬂjfr‘s
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Hence, all StresSes in E“;.uivalenf-S;lee lajcr— ﬂlf’an‘es

(ESL) are cdhiscontinuaus ot Iﬂer‘ in ter faaces ;
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9.2_ An overview of Lo\]frw{:e Theories

In Contrass of the ESL theeries) the loyerise theories are
Awdap?of lfaj O\SSU\W\\'ry that the J;’;/) |aCem et #iflol esthily £5 on|]
c’ Cnntinuig fl'\roujh the lamimate thickness. Thus the o(is/))aumw
Camponents ave Cantinuaus thraugh the [ouminatre thickness bat
the drivatives of the olisr’lacernem; With respect to the f/-icl;g
Caoml{ﬂate oy be o!iscmh'y\uous At VMorious ,’)oir\{-S tl\mqu the
thickness , Se/\am’cmj ol'ussin\i\o« mateviels.

La\J{vae diﬁplace\men{— Lields r)fav‘.(}e A rmuch
more Kinematicaddy correct representation of

the moclerare to severe Cross_ sec,Hmolvvaf/),@



O\SSOC}a\—eci with fl\e C‘Jelorma\h’nr\ o{— ‘HﬁCK IO\MCM\'fs.

The J)s)n\mcemmf_\oa\seo( lc\jerwise thearjes can be swodivige

into two classes:

(1) the [)art"ml lajerwise tLlCaY}QS that use layerwise
enpansions for the in-plane o{‘»splacevv\enrt Companent s but nat
the transverse J')syla\(_emem Cav“g?onfv\*,av\a(

@) the full lajecwise theories that use layerwise
edlanSions for ol three displa&mer\t

Cavm Ponen‘l‘s )



I. Full Llayer wise
2- partisd Lagerwise

Mare YFealistc

3_EsL Thearres

There ore Several aﬂ»roacheg that hove been used to Moo/elf,.

loaomrinat e |n &\&JQWW}S& ManNNer

I - model .1
This O\Wrom,k invelves wrfh’r\j ['/\t Qf;-wlibr;um
€ L-Uort ol g For Kth \amina [n terms of the force

cmd moment resultants :



\ajer numhber K

aN(k) (9Q
of (k+1) (k) _ & (k+1) (k) _
925 + 043 as =0, Dza +o033 " —o33 =0 (90.2-1)
oM
OT; +U£¥3+ k1 _Oa3zk_Qk =0

0 _rodde 2
In the Zigzag theory or diserete lager theory the displaternent
fid is assumed to be of the J-mfm

ug(zg,t) — wzsug,a(ifﬁ’ £) + far (€0)01 (@5, 1) (9.2-2)

d)/g,G = |) A
A=A, flzj))fj: 2

ua(xﬁ) 1.3, t) =
U3($ﬂ, rs3, t) = Ug(x,@» t)



The func(—;cmg &x ond Py afe then determind such that the

ol':sflmememg awwl transverse Stresses ore Con l-iﬂuaug.

g((" madlel 3

A mare direct Vnetkm/ of O\d\iev;‘/\j a loyerwise J»'S/ﬁauemem
Lidd was Frn/)o,@d b] Redolj, w ho fe/’resj ented the transverse
Variation of the o!is[)lo\cfmem CompPonents jn terms of

one-JiMQV\siannﬁ Lo\j far\gio\f\ atim”re elements,



9.3 The lajerwise T/zCaU of }Qco/o/]

In the layerwise theory of Reddy, the displacements of the kth layer are written as

[I

o,y 2,t) = D uf(z,y, )45 (2)

(9.2-1)

2
(z,y,2,t) = Zf:vy t)df(z)
Z (2, y, )r (2)

:I:y,zt:

The functions d)f(z) and wf(z) are selected to be layerwise continuous functions.
For example, they can be chosen to be the one-dimensional Lagrange interpolation

functions of the thickness coordinate, in which case, (u¥,v¥ w; %) denote the values

30730
of (uF, v, wk) at the jth plane (see [37,47-52]).



