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chapter VIIThird - order Theory of Laminated composite Plates

8.I - Introduction

Higher .
order theories can represent the Kinematics better , may not require

shear correction factors
,

and can yield more accurate inter laminar stress

distributions
.  However

, they involve higher-order stress resultants that

are difficult to interpret physically and require considerably more

computational effort
.

Therefore
,

such theories should

be used only when necessary .

The reason for empaneling the displacements up to the

cubic term in the thickness coordinate is to have



quadratic variation of the transverse shear strains and transverse

shear stresses through each layer .

I

" " he



8.2 A Third - order Plate Theory8.2-1Displacement Field
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Suppose that we wish to impose traction -

free

boundary conditions on the top and bottom faces

at the laminate
.
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Displacements in

TSDT (8.2-6)
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⇐8.2
. 3 Equations of Motion

I
899g

,

(8.2-91
. a . no

( 8.2 - lo ,



( 8.2- H1

w her no denotes the mid plane of the laminate ,
and
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By using above equations the equations of motion can be obtain :

a

b

(

8.2-13
)

:
c

where
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primary Variables : Un , Uss Wo , Tnt ) n s

( 8.2.15 )

secondary Variables : Nn , Nns ,Jn , Pnn , Inn , Fns

where

(8.2-16)

we can write :

constitutive equations

of TSDT laminate

(8.2-17)
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matrices are of the order 3×3
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matrices are of the order 2×2

we have Known A
,

B and D matrices
,

but the additional stiff hes

coefficients are difined by :

( 8
. 2

.
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In equations ( 8.2 - B ) by Cnn side ring C
,

-

-

o we will obtain

the FSDT geverning equations .



8. 3
. Higher .

order Laminate Stiffness characteristics

A simplified third -
order theory may be deduced from the

general third - order theory presented here by omitting the higher -

order stress resultants ( Pan
, Pgy , Pay ) but Keeping the higher-order

stress resultants ( Rn , Ry ) .
The resulting theory is not consistent

in energy sense .



I - Single - Layer Plates
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I symmetric Laminates
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(8.2-26)Xy Antisymmetric Laminates
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8- 4 The Navier Solutions

In fact
,

it is possible to develop the Navier solutions of simply supported

antisymmetric cross
. ply and angle - ply laminates using the third - order

theory . For anti Sim metric cross - ply laminates the following
Stiff nesses are Zero :

( 8.4 - I )

For antis im metric angle - ply laminates the following

stiffness es are Zero

( 8.4 - 2)



For this approach the boundary conditions can be SS -
I

or SS - 2 :


