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Fig.1 The schematic diagram of the functionally graded

rectangular plate
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Tab.1 Dimensionless fundamental frequency of the Mori-Tanaka distribution-based functionally graded square plates

»=0 p=1 a/h=5
i N -
a/h=+10 a/h=10 a/h=5 a/h=10 a/h=20 p=2 p=3 =5
CHKL31] 0.4658 0.0578 0.2192 0.0596 0.0153 0.2197 0.2211 0.2225
ik[12] — — 0.2193 0.0596 0.0153 0.2198 0.2212 0.2225
SCHR[13] — — 0.2193 0.0596 0.0153 0.2201 0.2216 0.2230
SCHR[14] — — 0.2193 — — 0.2200 0.2215 0.2230
SCHK[32] — — 0.2188 0.0592 0.0147 0.2188 0.2202 0.2215
SCHK[33] 0.4623 0.0577 0.2169 0.0592 0.0152 0.2178 0.2193 0.2206
Proposed 0.4618 0.0577 0.2166 0.0592 0.0152 0.2174 0.2189 0.2202
*2 BRESHEXTHREBEFIRNTERNEN
Tab.2 Dimensionless fundamental frequency of the functionally graded square plates based on power-law distribution
s »=0 p=1 a/h=5
a/h=+10 a/h=10 a/h=5 a/h=10 a/h=20 p=2 p=3 p»=5
SCHR[36] 0.4619 0.0577 0.2323 0.0633 0.0162 0.2325 0.2334 0.2334
SCHR[35] 0.4618 0.0576 0.2270 0.0611 0.0158 0.2249 0.2254 0.2265
SCHK[34] 0.4658 0.0578 0.2285 0.0618 0.0158 0.2264 0.2270 0.2281
SCHR[37] 0.4622 0.0576 0.2270 0.0618 0.0158 0.2249 0.2255 0.2266
Proposed 0.4618 0.0577 0.2274 0.0618 0.0158 0.2253 0.2260 0.2270
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Tab.3 The first four order dimensionless natural frequencies of functionally graded rectangular plates based on

the power-law distribution model

s . P
a/h KB Gn,n) HERIS 0 05 1 5 s S 10
CHk[35] 3.4409 2.9322 2.6473 2.4017 2.2528 2.1985 2.1677
1(1,1) SCHk[29] 3.4412 2.9347 2.6475 2.3949 2.2272 2.1697 2.1407
Proposed 3.4409 2.9368 2.6507 2.3999 2.2353 2.1748 2.1431
CHk[35] 5.2802 4.5122 4.0773 3.6953 3.4492 3.3587 3.3094
2(1,2) SCHik[29] 5.2813 4.518 4.0781 3.6805 3.3938 3.2964 3.2514
. Proposed 5.2802 4.5225 4.0845 3.6905 3.4093 3.3053 3.2544
SCHik[35] 8.0710 6.9231 6.2636 5.6695 5.2579 5.1045 5.0253
3(1,3) SCHk[29] 8.0749 6.9366 6.2663 5.6390 5.1425 4.9758 4.9055
Proposed 8.0710 6.9455 6.2781 5.6563 5.1686 4.9876 4.9054
SCHk[35] 9.7416 8.6926 7.8711 7.1189 6.5749 5.9062 5.7518
4(2,1) CHk[29] 10.1164 8.7138 7.8762 7.0751 6.4074 6.1846 6.0954
Proposed ~ 10.1089 8.7259 7.8914 7.0962 6.4389 6.1952 6.0888
SCHk[35] 3.6518 3.0983 2.7937 2.5386 2.3998 2.3504 2.3197
11,1) SCHk[29] 3.6518 3.0990 2.7937 2.5364 2.3916 2.3411 2.3110
Proposed 3.6518 3.0997 2.7947 2.5382 2.3946 2.3432 2.3123
SCHik[35] 5.7693 4.8997 4.4192 4.0142 3.7881 3.7072 3.6580
2(1,2) SCHk[29] 5.7694 4.9014 4.4192 4.0090 3.7682 3.6846 3.6368
0 Proposed 5.7693 4.9031 4.4218 4.0132 3.7753 3.6895 3.6396
CHk[35] 9.1876 7.8145 7.0512 6.4015 6.0247 5.8887 5.8086
3(1,3) SCHR[29] 9.1880 7.8189 7.0515 6.3886 5.9765 5.8341 5.7575
Proposed 9.1877 7.8230 7.0576 6.3986 5.9928 5.8450 5.7633
SCHk[35] 11.8310 10.0740 9.0928 8.2515 7.7505 7.5688 7.4639
4(2,1) SCHik[29] 11.8315 10.0810 9.0933 8.2309 7.6731 7.4813 7.3821
Proposed  11.8307 10.0875 9.1029 8.2465 7.6984 7.4976 7.3903
SCHR[35] 3.7123 3.1456 2.8352 2.5777 2.4425 2.3948 2.3642
1(1,1) CHk[29] 3.7123 3.1458 2.8352 2.5771 2.4403 2.3923 2.3619
Proposed 3.7123 3.1460 2.8355 2.5776 2.4411 2.3929 2.3623
CHR[35] 5.9198 5.0175 4.5228 4.1115 3.8939 3.8170 3.7681
2(1,2) CHik[29] 5.9199 5.0180 4.5228 4.1100 3.8884 3.8107 3.7622
00 Proposed 5.9199 5.0184 4.5235 4.1113 3.8905 3.8122 3.7631
ik [35] 9.5668 8.1121 7.3132 6.6471 6.2903 6.1639 6.0843
3(1,3) SCHik[29] 9.5669 8.1133 7.3132 6.6433 6.2760 6.1476 6.0690
Proposed 9.5669 8.1145 7.3151 6.6464 6.2814 6.1514 6.0713
CHR[35] 12.4560 10.5660 9.5261 8.6572 8.1875 8.0207 7.9166
4(2,1) CHik[29] 12.4562 10.5677 9.5261 8.6509 8.1636 7.9934 7.8909
Proposed  12.4562 10.5698 9.5293 8.6562 8.1724 8.0000 7.8947
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frequencies of the functionally graded square plates
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Fig.4 First four mode shapes of functionally graded square plates
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Fig. 5 First four mode shapes of rectangular functionally graded plates
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A simplified model for free vibration analysis of functionally graded plates
based on higher-order shear deformation theory

WANG Zhuang-—zhuang, WANG Teng, DING Yan-mei, MA Lian-sheng
(School of Architecture and Engineering, Weifang University of Science and Technology, Weifang 262700, China)

Abstract: A simplified model for free vibration analysis of functionally graded plates is proposed based on higher-order shear defor-
mation theory, the most significant feature of which is that it applies for the vibration analysis of functionally graded plates without
any shear corrections. Compared with other shear deformation theories that contain more unknown variables, this model contains
only one control equation, and thus greatly reduces the computational cost. Based on this simplified model, the free vibration of
functionally graded rectangular plates with simple support boundary conditions is investigated and compared with other existing lit-
erature. The results show that the simplified model proposed in this paper is simple and accurate in solving the free vibration behav-
ior of functional gradient plates. In addition, the effects of different gradient indices, aspect ratios, and length-thickness ratios on
the free vibration behavior of functionally gradient plates are analytically discussed in the paper by several numerical arithmetic ex-
amples.

Key words: free vibration; functionally graded materials; simplified model;refined plate theory;natural frequency
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