ISSN 1598-4095 (Print)
ISSN 2287—7401 (Online)
hitp://dx.doi.org/10,9712/KASS.2014.14.2.059

Journal of the Korean Association for Spatial Structures
Vol, 14, No, 2 (5 56%), pp.59~68, June, 2014

RM z'=77IUf

MO AE 0§ ML)

L=

OXIF U MPIIZ O

Vibration and Buckling Analysis of Laminated Composite Plates using RM
Isogeometric General Plate Element
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Abstract

A study on the vibration and buckling analyses of laminated composite plates is described in this paper. In order to
carry out the analyses of laminated composite plates, a NURBS-based isogeometric general plate element based on
Reissner-Mindlin (RM) theory is developed. The non-uniform rational B-spline (NURBS) is used to represent the geometry
of plate and the unknown displacement field and therefore, all terms required in this element formulation are consistently
derived by using NURBS basis function. Numerical examples are conducted to investigate the accuracy and reliability of the
present plate element. From numerical results, the present plate element can produce the isogeometric solutions with
sufficient accuracy. Finally, the present isogeometric solutions are provided as future reference solutions.

Keyuwords : Isogeometric Analysis, Laminated composite plate, Free vibration, Linear buckling, NURBS, Refinement
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(Table 1 The non-dimensionalized
cross—ply

fundamental frequencv@) of

laminated plate [0°/90°/0° ]
boundary conditions.
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(Table 2) The non-dimensionalized
fundamental frequency(a) of a simply
supported unsymmetric cross-ply laminated
plate [0°/90°].

a/h
4 10 20 100

80350 104732 11.0782 113072

o/i Theory  SSS5 SCSS SCSC SFSS SFSC
p=2  1028% 10.6462 11.2657 45438 5.9370

p=3 10289 10.6462 112657 45437 59369

p=4 10289 106462 11.2657 45437 5.9369

5  p=5 10289 10.6462 112657 45437 59369
Tran-Co™ 10.2780 10.6280 11.2387 45613 5.9370
Liew” 10290 10647 11266 4545 5938
BExact’™ 10290 10646 11266 4544 5937
p=2 147663 17.1747 196689 49145 73315

p=3 147662 17.1746 19.6688 49143 73313

p=4 147662 17.1746 196688 49143 73313

10  p=5 147662 17.1746 19.6688 49143 73313
Tran-Co™ 14.7823 17.1806 19.6614 49401 73372
Liew? 14767 17176 19669 4917 7.333
Bxact’™ 14766 17175 19669 4914 7331
p=2 188343 282560 401057 50831 82624

p=3 188294 282430 40.0745 50742 82562

p=4 188294 282430 40.0744 50739 82558

100 p=5 188294 282430 40.0744 5.0737 82555
Tran-Co™ 18.9005 284750 405937 51007 82665
Liew” 18769 28164 40004 5301 8451
Exact’™ 18891 28501 40743 5076 8269

2nd:18.8294

SSSS

SCSS

151:40.0744

156:5.0737

2nd:18.4545
SESS

15t:8.2555 2nd:19.7623
SCSF

3rd:40.1948

(Fig.2> A cross-ply laminated
plate[0°/90° /0° ] with various boundary

conditions: mode 1 - mode 3.

p=2
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p=5 80349 104731 11.0779 11.2990
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(Fig.3) The geometry of rectangular
plate under initial stresses.

(Table 3) The non-dimensionalized
fundamental buckling load of a simply

supported cross-ply laminated plate
[0°/90°/90°/0°].
a/h
Theory 5 10 20 100

p=2 114370 232328 31.5989 359681
p=3 114560 232327 31.5982 35.9492
p=4 114656 232327 31.5982 35.9492

p=5 114646 232327 315982 359492
Reddy” 11575 23453 31707 35955
Aydogdu™ 12010 23357 31668 35953
Singh" 11858 23134 31517 35923

Fiedler” 11601 23043 31529 35946
231322 315498 35.9499
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(Table 4) The non-dimensionalized

fundamental buckling load of a simply
supported cross—ply l[aminated plate
[0°/90°/90° /0" ].
E,/E,

Theory 10 20 30 40
p=2 9834 151761 198039 23.2328
p=3 9832 151759 19553 23.2327
p=4 9832 151759 195535 23.2327
p=>5 9832 151759 195535 23.2327
Reddy” 9965 15351 19756 23453
Thai” 98200 151342 19482 231322
Tran-Cong” 9809 15064 19339 22912
Aydogdu 0042 15304 19685 23357
Singh" 9762 15090 19461 23134
Chua® 9985 15374 19537 2314
Noor™ 9762 15019 19304  22.880
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(Table 5) The non-dimensionalized
fundamental buckling load of a simply
supported unsymmetric cross-ply laminated
plate [0°/90° ].
a/h
Theory 10 20 50 100
p=2 111136 124349 128750 12.9541
p=3 111134 124341 128703 129354
p=4 111134 124341 128703 129354
p=2>5 111134 124341 128703 129354
Reddy" 11563 12577 1289 12942
Thai” 11.0966 124294 12.8631 12.9389
Tran-Cong’ 11360 12551 12906 13.039
Singh" 11310 12427 12800 12.873
Chakrabarti® 11349 12510 12879 12934
(Table 6> The non-dimensionalized
fundamental buckling load of a simply
supported unsymmetric cross-ply laminated
plate  [0°/90°] with various boundary
conditions.
Theory S§858 SCSS SCSC SESS SFSC
p=2 11.1136 16.1107 194644 5.2746 6.0719
p=3 11.1134 161101 194627 52744 6.0715
p=4 11.1134 161101 194627 52744 6.0714
p=2>5 111134 16.1101 194627 52744 6.0714
Liew" 11562 17133 21464 5442 6247
Thai” 114913 164420 194883 54828 6.3043
Tran-Cong” 11353 16437 20067 5351 6166
Chakrabarti® 11291 16470 20082 5342 6.140
Ferreira™ 11481 16630 20314 5417 6240

Ist: 11.1134 2
a)SSSS

Ist: 16,1101 3rd: 24.7074

Ist: 19.4627 3rd: 25.3861

Ist: 5.2744 3rd: 19.6939

P
2nd: 14.9154
&SCSF

Ist: 6.0714 3rd: 215188

(Fig.4) A unsymmetric cross-ply laminated
plate [0° /90 ° ] with various boundary
condition: mode 1 - mode 3.
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