Lesson 24 ITAR T AL IR

Comf)osit'es
72-"1«1 8 elf\(/lfi\j
d?ug d3wq dNE dNT L =
AT = B0 4 Ao E — Ay (F4_-5 onsb,c)
d2’U() d wo dNT ng;
a2 = Cg TAnTg — AT
4 2 T dZ.NT 2asT
! Uy 5%

Fwwuion (7~‘1—5C) ﬂo\[QYhilj wy 1S U\ncm,olw{ 7[fom tl\a)'ﬁjn\/ffniry 3

When bath epljes (are sim[oif SurforffA or clawmpedd, edact Solutions
Can be p[('\le\oyeo( W[ thautr ony restrictions on t+he

lamioateol  scheme.

Ry inteqrating the thirel Eg. and §u\osh'tuh'i\J

it 1nto the other e}wd-.‘cms we have:



dwy  dNT  _dN],  dMTI

b P % +/qu(g) dE + 1
%?=B/;q(€)df+cldg§+Fld§_3d§§¥+al
T [ de+ 60 g e o

wheve i )
Glz%E+A66, F1:§D§_A167 B:%
G2:%—A16, FQ:%—FAH, C’:%

a; = Bey, by =Cq

Furthev ;‘ntfjra\HanS lead to

(Zu-6)

(Zz.t -F)



Au(e) = B [ [ / ‘ ( o ) dnj a¢+ Gy ["NL©de+ Py [ NI (6)de

2

a z €T
- B/0 Mﬁ(&)d&—l—al? + axz + as

Avn(a) =€ [* Vf (["a© ac) dn] dé + G | NL@ds + 2 [T N e
7

. [T
~C [ ML+ 0a T+ baa+ by

s [[[4 ([ )

T 2
—/ Mg;({)d{—f-cl% + cox + c3
0

Dwo(w)=/0z{/0£ [/0" (/jq(u)du) dc} dn}d§+f?/or </;N;(n)dn>d£
vef (/05 NzTy(n)dn) i~ [0 ( [ Mfz(mdn) d

3 z?
+c1€ +C2? +c3x + ¢4

a+ B [ NL©d+C [ N (e)de

(Z.v-3)



Emml) le: S )mflj Sur ra‘rtwl Flar( SfVIP
For a plate strip with simply supported edges at z = 0 and z = a, the boundary conditions are (see
Table \*)

Nzz =0, wg =0, My, =0

where
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Table 4.4.1: Boundary conditions in the classical (CLPT) and first-order shear
deformation (FSDT) theories of beams and plate strips. The
boundary conditions on ug and vy are only for laminated strips
in cylindrical bending.

Edge Condition CLPT FSDT
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The maximum transverse deflection occurs at o = a/2, and it is given by
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In order to see the effect of the bending-stretching coupling on the transverse deflection, the
reciprocal of the bending stiffness D [see Eq. (#-4-Y]) is expressed as
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1_ For symmetric laminates the coupling terms are zero(® ;o)
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Z For example for ant_lsymmetnc cross-ply laminates, we have A1g = Agg = Big = Bog = D1 = Dog = 0,
=B11/A11,C=0,and D = Dy, — B, /Ay;. Thus the maximum deflection becomes
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3-In the case of antisymmetric angle-ply laminates, we have A4 = Ags = B11 = Byg = By = Bgg =
Dy = Dy =0, B=0, C = Byg/Ass, and D = Dy, - 16/Agb. The maximum deflection becomes
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Note that when the bending-stretching coupling terms are zero (e.g., for symmetric laminates),
the cylindrical bending and laminated beam solutions have the same form. The difference is only
in the bending stiffness term. The bending stiffness D;; used in cylindrical bending is given by

Do — Eb_h3 Eb_h3
U -, T2[1 - (vh,)2(EY,JEL)]

whereas the bending stiffness used in the beam theory is EY I, = Eb_bh3/12. Thus, the difference
is in the expression containing Poisson’s ratios, which is due to the Dlane strain assumbtion used



Fu-3 Bucklinj
The €quilibrium of the P(n“r( §trf/) uncler thea[;/’lizc[ ;'m/)bme
Compressive loack Ny = % con be obtpined from Eg. (7.4-3) by

o mitting the inertja terms ancl termal resultants .

ALU _ p W BU\CkIMj of Plﬁ\l‘e Str,‘/) ( Z4U_9)
dz? ~ 7 dad
PV BW hy CLPT

A2 =0 J
dw o dPW

Pz = Moy

FYom the thivd Q;.lmtfon we hove;

2 Q
0 j;ﬁ + Ny W o= K % <y ( Fu-lo)

The general solution of (FH-lo) s



W)z ¢, Sin M+ C, @O 4 CyneC ( Zu-ny

Y

vvkefa
2

YA /\/° o
CozK /a2, Co=l /v, N2 or A =D)
S ‘/)\ > A l/)‘ g D " (£4-12)



E%an«/’ le .

When the plate strip is simply supported at x = 0, a, from Eq.

dU av d*w
W=0 =0 =0 G =0

(3 ) we have

Use of the boundary conditions on W gives ¢y = ¢3 = ¢4 = 0 and the result

0 2
sin Aa = sin( %):0, or Ngx‘—‘D(T;—W>

The critical buckling load N, is given by (n = 1)

. w2 B11B + B1gC
Ner =Dz (1 ~ T DA

Thus the effect of the bending-extensional coupling is to decrease the critical buckling load.
Recall from Section 4.2.3 that when both edges are clamped, A is determined by solving the

equation
Aa sinAa+2cosda—-2=0

The smallest root of this equation is A = 27, and the critical buckling load becomes
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For a simply supported plate strip, A\, is given by \,, = “% and from Eq. (£y4-|3) it follows that
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Note that the rotary inertia has the effect of decreasing the natural frequency. When the rotary

inertia is zero, we have
o — (nﬂ ) 2 /D
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For a plate strip clamped at both ends, A must be determined

—2 + 2cos Aa cosh pa + (é - H) sin Aasinh pa = 0

nooA

For natural vibration without rotary inertia, above & takes the simpler form

cosdacoshda —1=0

The roots of Eq. a\ggva are

Aa =4.730, Aya=17.853, Aza=10.996, ---, Aa=x(n+ %)n
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E;{ml)’e : For a plate strip simply supported at both ends and subjected to uniformly distributed load g = ¢
as well as a downward point load F|y at the center, we obtain
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The maximum deflection occurs at x = a/2 and it is given by
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The determination of the shear correction coefficient K for laminated structures is still an
unresolved issue. Values of K for various special cases are available in the literature (see [4-8]).
The most commonly used value of K = 5/6 is based on homogeneous, isotropic plates (see Section
3.4), although K depends, in general, on the lamination scheme, geometry, and material properties.
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Extoample :

For a simply supported plate strip, the critical buckling load is given by

No = (z)zD {1; D(z)*

a KA55+D(§)2}

Thus, the effect of the transverse shear deformation is to decrease the buckling load. Omission of
the transverse shear deformation in the classical theory amounts to assuming infinite rigidity in the

transverse direction (i.e., As5 = G13 = 00); hence, in the classical laminate theory the structure is
represented stiffer than it is.

Exovnple
For a plate strip fixed at both ends, A is governed by the equation
A2D
2 -1 —_— =
(cosAa —1) (1 + KA55> + Aa sinAa =0




The effect of shear deformation is significant for a/h < 10 in the case of
simply supported boundary conditions, and a/h < 20 in the case of clamped boundary conditions.
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=> IW W = (7.5-14)
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