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Bending and Vibration Analysis of Elastic and Viscoelastic Laminated Composite
Structures using an Improved Higher-order Theory
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ABSTRACT : To obtain more accurate responses of laminated composite structures, the effect of transverse shear
deformation, transverse normal strain/stress and a nonlinear variation of in-plane displacements with respect to the
thickness coordinate need to be considered in the analysis. The improved higher-order theory is used to determine the
deflections and natural frequencies of laminated composite structures. A quasi-elastic method is used for the solution of
viscoelastic analysis of the laminated composite plates and sandwiches. Solutions of simply-supported laminated composite
plates and sandwiches are obtained and the results are compared with those by the 3D elasticity theory and other
theories. The improved theory proposed in this paper is shown to predict the deflections and natural frequencies more
accurately than all other theories.
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KEYWORDS : Improved higher-order theory, Quasi-elastic method, Transverse normal deformation, Shear deformation,
Viscoelastic analysis
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E 1. PR HE(w= wE,£10%/ goa® )(0/90/0)
h1=h3= h/4,h2= h/2

E1=25, Ezzl, GIZ=G13=0-5-
Ggg=0.2, U12=V13=V23=0.25 , b= a (17)

£ 1914 (0/90/0)2 AFue} A3HE ol B
o] 0%, 90%, 02 WigEATE RS ulgit,

X 3ele FRY 358 e Al o 39 A-%e
Hlweldct, SEE 35 W Afs B A7 ¥z
Fo Hlg] ThE ol&e] AP e AFWS Jehhdth

AR A38d FZolg FAH0] e A=A e
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Zo| 7ty

@ Face Sheets(Graphite-Epoxy T300 /934)
E, = 1.31x10° N/mm?,

E; =1.034%x10* N/mm® , E,= E; ,
Gz = 6.895%x 10° N/mm?,
Gi3 = 6.205%10° N/mm® | Gy = Gy

vip=10.22 , v3=0.22 , vi=20.49

@ Core properties(Isotropic)
E = E,=E;=2G=6.89 N\mm® ,
G = Gi3= Gy = 3.445 N/mm?,

a/t Pagano Aaliby Reddy Whitney Vo= vy = vy = 0 (18)
10 0.737 0.718 0.715 0.663
20 0.513 0.507 0.506 0.431 4, B B w= w,(E,)£10%/ gpa*) (0/90/core/0/90 ),
100 0.435 0.434 0.434 0.434 alb=1
E 2. 2R HE( w= wE,£10%/ goa* )(0/90/0) a/h B At (t/t=10)
hy=hy=hy, b=3a 10 28.849
_ 20 9.337
a/t Pagano 2 a3 Reddy Whitney 100 3,035
10 0.919 0.867 0.862 0.803
20 0.610 0.595 0.594 0.594 tel ty B A7 a/h=10)
100 0.503 0.507 0.507 0.506 10 28.849
20 102.166
B 3. 2R XA w= wyE£10%/ o’ ) (0/90/0) 100 204 667
hy = hy = hy
B 5 A8 ME (w= wy(Ey)£10*/ qua*) (0/90/core/0/90 )
a/t Reddy Whitney sy
2 3.0706 3.0081 3.0868 a/b B AP t/t,= 10, a/h= 10)
4 2.5791 2.5350 2.5906 0.5 46.644
10 1.9173 1.9049 1.9205 1.0 28.849
20 1.7509 1.7478 1.7517 2.0 10.238
50 1.7310 1.7289 1.7314 2.5 6.669
100 1.6977 1.6976 1.6976 3.0 4.578
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AET vlweld ¥ 6, 79 vehilth E 69 A2
olef 2= (0/90)9] wHEASFE on]sln 3D Elasticity:

EF KLY L o188 Aoo]t). VP A% gl Alg
& Aze 283 4199 2ol 7M.

El/Ez = open , Glg = (3 = 06E2 ,
G23 = O.SEQ , Vg = V)3 = v = 0.25 '
(19)

o= 1Nsec?/ mm*.

AESA Be] A 4(18), A(19)9 BAAE AMgs}
ovl o] 7] sjMAIte} wlwslel 37 2, 3, 49 Yt

E 6. PR NEN(w = (0b/ W)V olE, ), alh=5
SFUN Ay B
3 10 20 30 40

3D Elasticity 6.2578 6.9845 7.6745 8.1763 8.5625

i 6.2335 6.9741 7.7140 8.2775 8.7271

(0/90), Reddy 6.2169 6.9887 7.8210 8.5050 9.0871

Senthilnathan 6.2169 6.9887 7.8210 8.5050 9.0871

Whitney 6.1490 6.9156 7.6922 8.3112 8.8255

3D Elasticity 6.5455 8.1445 9.4055 10.1650 10.6798

i 6.5145 8.1482 9.4675 10.2732 10.8220

(0/90), Reddy 6.5008 8.1954 9.6265 10.5348 11.1716

Senthilnathan 6.5008 8.1954 9.6265 10.5348 11.1716

Whitney 6.4402 8.1963 9.6729 10.6095 11.2635

3D Elasticity 6.61 8.4143 9.8398 10.6958 11.2728

L is 6.5715 8.3862 9.8351 10.7118 11.3055

(0/90)5 Reddy 6.5552 8.4041 99175 10.8542 11.5007

Senthilnathan 6.5552 8.4041 9.9176 10.8542 11.5007

Whitney 6.4916 8.3883 9.9266 10.8723 11.5189

3D Elasticity 6.6458 8.5625 10.0843 11.0027 11.6245

L i 6.6019 8.5163 10.0438 10.9698 11.5992

(0/90)5 Reddy 6.5842 8.5126 10.0674 11.0197 11.6730

Senthilnath 6.5842 8.5126 10.0674 11.0197 11.6730

Whitney 6.5185 8.4842 10.0483 10.9959 11.6374

E 7. B RNESF(w = (wb* W)V olEs ), E\/E; =40

AeRHS A3 A 2 4 10 i 20 50 100
ik 5.0917 7.9081 10.4318 11.0662 11.2667 11.2987
Reddy 5.7170 8.3546 10.5680 11.1052 11.2751 11.3002
(0/50) Senthilnathan 5.7170 8.3546 10.5680 11.1052 11.2751 11.3002
Whitney 5.2085 8.0889 10.4610 11.0639 11.2558 11.2842
LNk 5.4033 9.2807 15.1047 17.6470 18.6719 18.8366
Reddy 5.5065 9.3235 15.1073 17.6457 18.6718 18.83560
(0/50/90/0) Senthilnathan 6.0017 10.2032 15.9405 17.9938 18.7381 18.8526
Whitney 5.4998 9,3949 15.1426 17.6596 18.6742 18.8362
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