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Analytical Solution of Free Vibration of Thick Transversely Isotropic
Rectangular Plates, Based on First Order Shear Deformation Theory

A.R. Saidi and S.R. Atashipour
Mech: Eng. Dep’t., School of Eng., Shahid Bahonar Univ. of Kerman

ABSTRACT

In this paper;.a reformulation for equations of motion for transversely isotropic plates has been obtained
based on first shear deformation theory. Unlike the three coupled original equations, this new reformulation
consists of two decoupled partial differential equations which can be solved much easier. For free vibration
analysis of transversely isotropic plates, the mentioned equations have been solved for two cases. In the
first case, using double Fourier series, closed-form solution has been achieved for natural frequencies of
simply supported plates. In the second case, free vibration of a plate with arbitrary boundary conditions in
two parallel edges has been considered. In order to satisfy the arbitray boundary conditions, some relations
have been presented for unknown functions of the original system of equations in terms of the unknowns of
the decoupled equations. Finally, numerical results for six possible cases of classical boundary conditions
have been presented. Besides, some important results of the presented analysis have been presented for
transversely isotropic plates. The results show that despite of the small differences between the natural
frequencies of the thin isotropic and transversely isotropic plates, the differences are more significant for
the natural frequencies of the thick plate. Also, effects of increasing thickness on the value of natural
frequencies for transversely isotropic plates are more than the isotropic ones.
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Ref. [23] 19.0651 45.4831 45.4831 69.7939 85.0385 85.0385
SSSS Ref. [19] 19.0649 45.4826 45.4826 69.7943 85.0380 85.0380
Present 19.0650 45.4827 45.4827 69.7944 85.0380 85.0380
Ref. [23] 22.3882 47.1037 52.1500 74.1049 85.8764 93.2273
SSSC Ref. [19] 22.3886 47.1039 52.1496 74.1051 85.8759 93.2267
Present 22.3886 47.1039 52.1496 74.1051 85.8759 93.2268
Ref. [23] 26.6687 49.1131 59.2097 78.8127 86.8436 | 101.3720
SCSC Ref. [19] 26.6683 49.1129 59.2101 78.8129 86.8440 | 101.3717
Present 26.6683 49.1129 59.2102 78.8130 86.8440 | 101.3717
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Ref. [24] Ref. [24]  Ref.[24] Ref.[25]-a Ref. [25]-b
(m,i) 4-node 9-node 9-node 4-node 4-node Present

(consistent (consistent (lumped (consistent (lumped

mass) mass) mass) mass) mass)

1,1 0.9487 0.9303 0.9303 0.9327 0.9289 0.93028
2,1 2.2878 2.2198 2.2195 2.2394 2.2165 2.21933
2,2) 3.4896 3.4064 3.4054 3.4381 3.3820 3.40562
3,1 4.3352 4.1542 4.1510 4.2364 4.1502 4.14943

wilize g0 bl o b poye o Silusa Jdatus 5y9 @(m,0) dmo ol slouils )8 (V) Jouo

B'CS' n h lst 2nd MOde Sg%uences 4th Sth
17100 | 9.6242 (1,1) | 24.0321 (1,2) | 24.0321 (2,1) | 38.4063 (2,2) | 47.9704 (1,3)
| L1750 [ 9.6016 (1,1) | 23.8923 (1,2) | 23.8923 (2,]) | 380518(2.2) | 47.4200 (1.3)
1/10 | 8.9605 (1,1) | 20.4745 (1,2) | 20.4745 (2,1) |/ 30.3949 (2,2) | 36.3613 (1,3)
SSSS 1/5 | 7.5987 (1,1) | 15.2875 (1,2) | 15.2875 (2,1) | 21.0766 (2.2) | 24.3496 (1,3)
17100 | 24.0321 (1,1) | 38.4063 (2,1) | 62.2887 (3:1) | 81.3281 (1.2) | 95.5692 (2.,2)
5 | _1/50 [ 238923 (I,D) | 380518 (2,1) | 61.36743,1)"|. 79.7724 (1,2) | 93.4360 (2.2)
1/10 | 20.4745 (1,1) | 30.3949 (2,1) | 44.5629 (3,1) | 54.4077 (1,2) | 61.1499 (2,2)
1/5 | 152875 (1,1) | 21.0766 (2,1) | 28.6821 (3.1) | 33.7094 (1,2) | 37.0786 (2,2)
1/100 | 14.0959 (1,1) | 26.6342 (2,1) | 33.6784 (1,2) | /45.9057 (2,2) | 49.6508 (3,1)
| L1750 [ 14,0057 (1,1) | 26.4078 (2,1).[ 33.2431 (1.2)| 45.1962 (2,2) | 48.9986 (3,1)
1710 | 11.9004 (1,1) | 21.6312 (2,1) |.24.8680 (1,2) | 32.8950 (2,2) | 36.8304 (3,1)
SCSC 15 | 8.9058 (1,1) | 15.6193 (2,1) | 16.4832 (1,2) | 21.6149 (2.,2) | 24.4475 3.1)
1/100 | 46.1278 (1,1) | 56.0229 (2,1) | 75.5582 (3,1) | 105.6311 (4,1) |121.9859 (1,2)
5 [ 1/50 | 451132 (LD) | 54.6661 2.1) | 73.5249 (3,1 [102.3142 (4,1) [1164913 (1,2)
1/10 | 29.4497 (1,1) | 35.6232 (2,1).| 47.2024 (3,1) | 60.5962 (1,2) | 62.4772 (4,1)
1/5 | 17.8962 (1,1) | 22.2194 (2,1) | 29.1430 (3,1) | 34.2939 (1,2) | 37.2799 (4,1)
1/100 | 4.6957 (1,1) | 7.8424 (L2) | 17.8266 (1,3) | 18.9633 (2,1) | 22.7176 (2,2)
| L1750 | 4.6883 (1,1) |1 7.8033 (1.2) | 17.6927 (1,3) | 18.8662 (2,1) | 22.5506 (2,2)
1/10 | 45136 (1,1) | 7.2437(1,2) | 15.6047 (1,3) | 16.5882 (2,1) | 19.3248 (2,2)
SFSE 15 | 4.1014 (1,1).] 6.2534 (1,2) | 12.4265 (1,3) | 12.8509 (2,1) | 14.6133 (2,2)
17100 | 4.6375(1,1) | 13.3009 (1,2) | 18.7531(2,1) | 31.2133(2,2) | 42.4004 (3,1)
5 150 | 4.6301 (LD) | 13.1524(1,2) | 18.6524(2,1) | 30.8053 (2.2) | 41.9311 3,
1/10 | 44613(L,1) | 11.4693 (1,2) | 164056 (2,1) | 25.0138 (2.2) | 32.8424 3,1)
15 | 4.0655 (L1) | 9.0646 (1,2) | 12.7510 (2,1) | 18.0872 (2,2) | 22.4985 (3,1)
1/100-| 11.5226 (1,1) | 25.1555 (2,1) | 28.5283 (1,2) | 41.8561 (2,2) | 48.7229 (3,1)
| [L1/300[ 114764 (1,1) | 24.9822 (2,1) | 28.2696 (1,2) | 413532 (2.2) | 48.1300 (3,)
1/10 | .10.2873 (1,1) | 21.0073 (2,1) | 22.6814 (1,2) | 31.6223 (2.2) | 36.5846 (3,1)
SSSC 15 | 8.2238(L1) | 154478 (2,1) | 159113 (1,2) | 21.3473 (2,2) | 24.3977 (3,])
17100 | 33.6784 (1,1) | 45.9057 (2,1) | 67.9415 (3,1) | 99.9288 (4,1) [100.5593 (1,2)
S L/50 33,2431 (LD) | 451962 (2,1) | 66.6053 (3,1) | 973309 (4,1) | 974115 (1,2)
1710 | 24.8680 (1,1) | 32.8950 (2,1) | 45.8257 (3,1) | 57.7288(1,2) | 61.7912 (4,1)
1/5 | 16.4832(1,1) | 21.6149 (2,1) | 28.9051 (3,1) | 34.0673 (1,2) | 37.1775 (4,1)
1100 | 6.1783 (1,1) | 16.0695 (1,2) | 20.2959 (2,1) | 30.6016 (2,2) | 35.1510 (1,3)
| 150 | 6.1583 (1,1) | 15.9529 (1,2) [ 20.1759 2,) | 30.2892 (2,2) | 34.7421 (1.,3)
1/10 | 5.7832(1,1) | 13.7671 (1,2) | 17.5335 (2,1) | 24.5222(2,2) | 27.0976 (1,3)
SCSF 1/5 | 5.0550 (1,1) | 10.5660 (1,2) | 13.4251 (2,1) | 17.5169 (2,2) | 18.6805 (1,3)
1/100 | 11.0779 (1,1) | 24.6333(2,1) | 47.8978 (3,1) | 48.3045 (1,2) | 63.8116 (2,2)
5 [ 1/50 | 10.9947 (D) | 24.3904 (2,]) | 472211 (3,1) | 474279 (1.2) | 62.3200 (2.2)
1/10 | 9.6704 (1,1) | 20.2199 (2,1) | 33.4449 (1,2) | 35.7478 (3,1) | 42.2642 (2.,2)
1/5 | 7.7488 (1,1) | 14.9475 (2,1) | 21.4487 (1,2) | 24.0159 (3,1) | 26.8366 (2,2)
17100 | 5.6930 (1,1) | 13.4996 (1,2) | 20.0540 (2,1) | 28.7076 (2.2) | 30.0672 (1,3)
| 130 | 5.6794 (1,1) | 13.4293 (1,2) [ 19.9425 (2,1) | 284679 (2.2) | 29.8184 (1.3)
1/10 | 5.4108 (1,1) | 12.1446 (1,2) | 17.4143 (2,1) | 23.7139 (2.,2) | 24.8592 (1,3)
SSSF 15 | 4.8312(1,1) | 9.9220(1,2) | 13.3840 (2,1) | 17.2955 (2,2) | 18.1212(1,3)
1/100 | 7.8424 (1,1) | 22.7176 (2,1) | 36.5380 (1,2) | 46.6100 (3,1) | 53.7174 (2,2)
5 | _1/50 | 7.8033 (LD | 225506 (2,1) | 36.1634(1,2) | 46.0245 (3,1) | 52.8634(2.2)
/10 | 72437 (1,1) | 19.3248 (2,1) | 29.4499 (1,2) | 35.3838 (3,1) | 39.6880 (2,2)
155 | 6.2535(1,1) | 14.6133 (2,1) | 21.0002 (1,2) | 23.9227 (3,1) | 26.5313 (2,2)
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