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Fig. 1 Meshless model of stiffened FGM plate resting on
Winkler elastic foundation
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Tab.1 Non-dimensional fundamental frequency
A for the simply supported FGM square plate
n=0 n=1 n=2 n=>5

5X5 0.0299  0.0233  0.0215  0.0205

7X7 0. 0298 0.0233 0.0214 0. 0205

A 10X10  0.0298 0.0233 0.0214 0. 0205
15X15  0.0298 0.0234 0.0214 0. 0204

A BRICHE 0. 0298 0.0233 0.0214 0. 0204
SCRk[12] 0. 0298 0.0238 0.0221 0.0210
CHk[13] 0. 0298 0.0236 0.0218 0. 0208
SCk[27] 0.0298  0.0235  0.0217  0.0207
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Fig. 3 Convergence of non-dimensional frequency for
the FGM plate with one y-stiffener
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Tab. 2 First five non-dimensional frequencies A for
the simply supported stiffened FGM plate

with one y-stiffener and n=3

(B3+B8,) Al A2 A3 At A
AL 3.067  6.470 8.336  10.215 12.112
€0.05,1) B
AT 3.055  6.457  8.231  10.184 12.064
AL 4.301  6.470 10.215 10.424 11.948
(0.05,2) .
HBRIC 4.257  6.457  10.183 10.252 11.894
AL 5.642  6.470  10.215 11.277 12.128
(0.05,3) .
HBRIT 5.567  6.457  10.184 11.119 12.065
0.1, A3 3.303  6.470  8.846  10.215 11.693
o ARG 3.281  6.458  8.713  10.183 11.640
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Tab. 3 First five non-dimensional frequencies A for
FGM plate with one y-stiffener for n=3

subjected to different boundary conditions

pul s Al A2 A3 A As
S EN'S 4.301  6.470 10.215 10.424 11.947
5555 HIRIG 4.257  6.457  10.184 10.252 11.895
cece AL 7.455 9.382  13.583 14.051 15.859
HIRJE 7.270  9.349  13.715 13.920 15.692
0SSS AL 4.610  7.630 10.324 11.880 13.521
HRRT 4.567  7.601  10.221 11.723 13.436
SCRC EN'S 3.625 6.635 8.6736 8.933 12.310
YUY KMt 3.613 6.508  8.641  8.857  12.167
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Fig. 4 First five non-dimensional frequencies A for the simply
supported FGM plate with one y-stiffener subjected to
different gradient coefficients
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Fig.5 First five non-dimensional frequencies A for stiffened
FGM plate with one y-stiffener subjected to different
gradient coefficients and SCFC boundary conditions
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Tab.4 First five non-dimensional frequencies A for
the FGM plate with one y-stiffener and n=3

subjected to different foundation coefficients

Ak Al A2 A3 A As
AL 4.301  6.470  10.215 10.424 11.948
10 HIRIE  4.257  6.457 10.183 10.252 11.894
AL 4.380  6.534  10.255 10.461 11.976
100 AIIE  4.337  6.521 10.224 10.290 11.922
AL 4.551  6.673  10.344 10.544 12.039
300 AL 4.509  6.661 10.312  10.374 11.986
AL 4,716 6.810  10.432 10.625 12.102
o00 HBRIT  4.676  6.798  10.401 10.456  12.049
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Tab.5 Non-dimensional fundamental frequencies A
for the one y-stiffener’s FGM plate with different

gradients and different foundation coefficients

e n=0.5 n=1 n=2 n=>5 n=10
AL 4.796  4.557  4.362  4.272  4.250
10 FHBRIT  4.744  4.513  4.318  4.226  4.208
A3 4.858  4.626  4.438  4.354  4.335
100 FBRIT  4.807  4.583  4.395  4.309  4.294
) A3 4.994  4.776  4.602  4.531  4.518
300 FBRIT  4.945  4.734  4.561  4.488  4.479
AL 5.127  4.921  4.761  4.701  4.693
o100 HIIC 5.078  4.880  4.721 4.659  4.656
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Fig. 6 Rib’s location
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Fig. 8 Non-dimensional fundamental frequency A for the type B
stiffened FGM plate under different boundary condition
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A A
25} I £6 TRMEART n—3 W WHELBE
. —— =2 Ao B T AR AL — T R E A E A
S 50l —v— m=3 Tab. 6 First two non-dimensional frequencies A
;ﬁ 2 M for the clamped supported type B stiffened
E 1.5+ \ FGM plate with n=3 and with different
\' foundation coefficients
Hor Qi? A A
\' " 1 2
osh \&E& " A% BT kX AR
L L L L L ) 10 6.939 6. 884 13. 228 12. 910
s 9Xiﬂ$ﬁ§;é;13 15615 177 100 6.978 6.924 13. 249 12. 931
500 7.151 7.098 13. 339 13. 024
7 A R 3 B B 4B 000 rs mae 1nasr 1s1s
Fig. 7 Convergence of non-dimensional frequency for
the type A stiffened FGM plate 2000 7.765 7.715 13.674 13. 365
7T AEARERBUAHX AR ERERNTENERAE A
Tab.7 Non-dimensional frequencies A for the simply supported type A stiffened FGM plate
with different foundation coefficients
n=0.5 n=1 n=2 n=>5
L,
" KNS AT KNS AR E'S AT A3 A IRIT
Al 3.942 3.920 3.667 3.652 3.450 3.433 3. 366 3. 344
10 A2 10. 023 9. 960 9.238 9.212 8.570 8.555 8. 181 8.163
Al 4.016 3.995 3.751 3.736 3.543 3.527 3.465 3. 444
100 A2 10. 056 9.993 9.276 9. 250 8.613 8.598 8.228 8.210
A 4.098 4.077 3. 842 3.828 3. 644 3.628 3.573 3.553
200 A2 10. 092 10. 030 9.317 9.292 8. 660 8. 645 8. 281 8.263
Al 4.177 4.157 3.930 3.917 3.742 3.726 3.678 3. 658
300 A2 10. 129 10. 066 9.359 9.333 8. 707 8.692 8.333 8. 315
100 Al 4.255 4. 235 4.017 4.004 3. 837 3.822 3. 780 3.760
A2 10. 165 10. 102 9.400 9.374 8. 754 8.739 8. 385 8. 367
500 Al 4.332 4. 313 4.102 4. 089 3.930 3.915 3. 879 3. 860
A2 10. 201 10. 138 9.441 9.415 8. 801 8.785 8. 437 8. 418
4 2= B P 5 B FE R A% 5 0 5 AL RS B R R A 8

ARSI T Winkler 54E M HE SR F]— B 59 ) 22
JE B 16 0 B e T A S D RE AR E AR Al AR 3

Wy 25 50 % B 8 DA Al S A% A A5 AR 05 3 A AN 8 I g A
W 88 66 B /N A9 0 R T A AT R T AR
DREBR BE AR o AR J5 3265 T W RS A 4R 1 4%
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Meshless method for free vibration analysis of stiffened functionally graded
plates resting on elastic foundation

CHEN Si-ya', CHEN Wei', HUANG Zhong-min', PENG Lin-xin""*?
(1. College of Civil Engineering and Architecture, Guangxi University . Nanning 530004, China;
2. Key Laboratory of Engineering Disaster Prevention and Structural Safety, Ministry of Education, Guangxi Key

Laboratory of Disaster Prevention and Reduction and Engineering Safety; Guangxi University, Nanning 530004 , China)

Abstract: Based on the first-order shear deformation theory (FSDT),the natural frequency of a stiffened
functionally graded plate resting on a Winkler foundation is studied by moving-least-squares (MLS)
approximation meshless method. It is assumed that the material properties of functionally graded plates
change continuously in a power function along the thickness direction. The kinetic energy and potential
energy of the functionally graded plate and those of its ribs are derived by the physical neutral surface
and moving-least-squares approximation, respectively. The total energy of the plate and those of ribs
were superposed by applying the displacement compatibility conditions. Then, the equation governing
free vibration of the stiffened functionally graded plate is derived by Hamilton principle. The boundary
condition is imposed by full transformation method. The convergence and accuracy of the method are
verified by comparing the results of this paper with those of the finite element method (FEM) and the
published literature.

Key words:stiffened functionally graded plate; meshless method;physical neutral surface; Winkler elastic

foundation;free vibration
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