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Abstract

The free vibration responses of porous functionally graded plate(FG)rectangular plates resting on
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elastic foundations are investigated according to a novel four-variable refined plate theory. Three
types of porosities distributions (even and uneven, and the logarithmic-uneven distribution) are
learned. The elastic foundations are considered as Winkler-PasternakandKerr foundation. Go-
verning equations are derived by using Hamilton principle. The effect of porosity parameter, slen-
derness ratio, the power-law index and parameters of elastic foundation are also investigated. The
theoretical calculation results of fundamental frequency of porous FG plates resting on elastic foun-
dations are predicted by solving the eigenvalue problems and compared with the available results
in the literature to verify the theory.
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1. 5]

TRt M Bl (functionally graded, EFR FG)A2 HH P AR ER B AP DA _E 20 4 2 R & 1l [ VR Bl AN 3
ST RE, AR MEAERR € 77 m) EIESL T A4, e nT DL 28 BN TH R, AR TH 2R RIRL
Iy RN FIAARTE AN i, IX R AT T REAR LA BHE TS IR . MEAA . X Re S USR8 EE R

H1F FGM Z5MIH) 2 N, PP e AR RERIIT FUA IR 2 . Zhao S#[ 1] H] FSDT Mk ) (i 32
PHOTT T T HA VL A FG 2 FLAETEAR I H RS iR . Nguyen 55 A [2]0F5T T =M 35 V)
ATEERW T T Reph B R E R A e A B HIRS) M. El Meiche 55 [3 82 H T — P h B 7] 48 % 24
WRHEAT FG R Z MU H AT E B 4R3) 70 #r. Thai [4] [5168F PUR R m B BT V)R TE BB XS FG AROEAT 125
AA ARSI/ Mantari SE[6]5EH T — BB 2 B s b B U)#Ee, A1+ 204t Pasternak 26 1 FG
W AIHRS] « Mantari Z5[ 78T E=45R S BV B BSHI A T FG AR{E Pasternak {3 I #) H &3 .
Malekzadeh [8]R F M4 SREVE AR BUEIT 70 17 WS EEE b FG 3R B HIRS) . Li S [910H 58 1
Winkler-Pasternak SAPEHEE FAF4EdE 08 2 FG Z AR BIAEZRPEIRBI A2 77w i . Baferani 5[ 10]f#H =
BB IR 0 7 AESHAPE SRR Y FG FE AR 1547 4. Yang 5[ 11156 T — M8y U1 T 2 8k
i T e L | FG 2 Z90KE SR A JE #l . Duc SE[1210 58 T 5T Winkler-Pasternak #1%
FE 1) FG IRAKE 1 50 1 A MR K55 A1 H B3R 30 7047 - Sheikholeslami A1 Saidi [ 131K Batra fil Vidoli
WP R T 1632 FG 55 JEARAE Winkler-Pasternak #$VE 3L A0 B BH#R3). Thai Al Choi [14]1#
AT — ML R B S SR M1 3 T XS B Pasternak ZEAH ) FG AR BHR3NAE #H . Mahmoudi 25[15]#R1E T
T Pasternak #VEHIER) I E FG R I1224T7 4. Demirhan [16]25H Levy VEFR T & R4 5 T RS0
PEHLEE B FG AR H AR S) 0 &, L [17]58 A 2 BPRASE TR T st 5 )R FG B BRG i 2501
Li [18)55 HAE = 4E B vh 5 7 st e 11 FG R0 B BH4R3N17) . Phuong [19]55 115 | E & w4 T =
BV L AR 4E FG A s2lidlse 2 AR AR EE . Wang [2015% 048 T — I S U1 L BB HEZE R A 550
WO A MEHZE SRS A E BRI AET# . Zenkour [2115 878 1 28 T = 4B 13 MBI 1Y)
ZAL%)Z FG R M. Hadji [22]55 708 7 FLEBRAKH FG J& 28R 1) [l 4% .

AT EE I DUAR AR IR, W S w, ROV w 186 10 67 7% RAALL BT B0 (OB R 272 woo X BRIR
AR/ TR R, T HATREE R YMEIER 1. MR A R SRR U7 1) b B R HCR i AR Ak

ik
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FIFNG B R, S 7 BT o B R FLBR AR FG ARl 7 fE . S5 18I Navier VAR R fRIX Lz 5))
Jike, W SRAPRFAEE R, 198 7 EAE. S 5Okt AR ELEL  I0E T ASCRIHERR .

2. BXIER
2.1. FLER4K#E FGM #4#}

BRI a FEE b AIIEIESE b 1) FG AR, JLILT AL bR R P 1 pros, BBIL R A &
JE TR PR, A RVRAVEAE R BT 3 513k . FE T R KA1 fLBR R R A AR, FG IR 2
BT LS R FEARAR 2 (B BRI (1)~(3), AR ¢ M m 25 FoR RN &R, P FRoR FG BRI
88, (RN FG WIS E (W KRR E TR v RV EE p), R E, 23 il 37 W BE A0 465 & i ) 1k
S E(0 < &< DERIRALER
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Figure 1. The geometry of FG plate resting on (a) Winkler (b) Pasternak and (c) Kerr foundation
& 1. 55/ FGM R #x N\ (a) Winkler BH(b) Pasternak ZEREFN(c) Kerr il
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2.2. MR EARE

2.2.1. Winkler #5
Winkler #5284 (AT 73 A 7€ LT
Dyinsier = K., (W, + ;) (4)
Horn K 2 A o1 s I A e R 5558 P I R 4
2.2.2. Pasternak {83

Pasternak f78 7 — NS HEAERY, N2 G, BTYIZ NI K, BS7 BB, G, &
ANBREE AR Z DI A TR, R, Pasternak 5584 5 FG AR Z 101 AT 43047 7] 58 SN

ansternak = Kw (Wb + Ws ) + GpV2 (Wb + WS ) (5)
Hrhv? =0 Jox’ +0°oy” M RI/RMIFR T IR R 57, 43 A AR G, = 0 Pasternak
A LLIBAG N Winkler #5571 .

2.2.3. Kerr 1884
Kerr BB & — A =S4, —ANIEEH K BIVIZE WIREA K, 7 o 2 AN NI Rz
N K, TR R JZ R . Kerr R FIFR AT 4347 52 SLITR [23]

KK K K
e , ;(u (w, +ws)—ﬁvz(wb +w,) (6)
23. MEEREL
VAR BB 1 LR 3 5 A
u:uo—z%-i-f(z)%,v:vo—z%+f(z)aa—v;s,w:wb+ws )

Hert ug 1 vy 73 RN x ANy 7 [T N ALAS , BEIEALAS w23 s il A T SRS w, AT DI4E R SHEEE w,
f(z) RBTUIE R EL AR 2 — Rk i 2 12X B 2

2
f(z)=01z-1.627° —%{1—%]25 (8)
3. BEXFIE
3.1. KR
FEF/NBARK, PN RRUT
auO _a2wb 62WY
g axz 8x2 , 6141Y
£ o o 2w | [y (1+1'(2)) .
£, 1= =2 t+zy——t 1+ f(2) = ,{ xz}: )
d d dy 7, ') s
y g ¢ = ()
v %4— % _2 azwb 2 62Wv ay
gy Ox Ox0y Ox0y

J S B E A L AR R BN
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Ou O, O, O3 0 0 0 ||&n
Oy 0, O0n Oy 0 0 0 w
O-ZZ — Q3 1 Q32 Q33 O 0 O gZZ ( 1 0)
T, 0 0 0 Q4 0 0|7,
T, 0 0 0 0 O, 0|7
T, 0 0 0 0 0 Ox] |7
KM NN(oe,,,0,,.0..7,.7..7,. ) BEN(e, ., 6,,6..7.7.7,. ) FENFEBEENMYMI (s, =0)
SRR HOE R
Q :Q E() Q :M :Q :Q :ﬂ (11)
11 22 1 v( )2’ 12 21 l_v(Z)2 > Z66 44 55 2(1+V(Z))
N FH W i e R SR B HE S AL B FG A )38 30 77 12
[6(Us+V,—K)dt=0 (12)
Heh 5§ BRENFS, U, mllFRRNASRE, V, Rk #6e, KRR FG IRII30HE
3.2. MEEE
NAZREE 53 A
sUs = [[[ hz jz (0,06, +0, 06, +7,87, +7.57, +7,.57, )dzdd
A
2 2 2
_jj N, 56“0 o s N Py 59V g 5T (13)
8x ox oy oy oy
2 2
N, | 6%  s —21&45a +28. 58w o, e |4
"\ oy ox ¥ oxoy 0Ox0y oy
/\EI:I
12
N y}’ ) J.h/z(o-xx’o-xx’o-xX)dZ
2
M, )—Lh/z(axx,on,a )zdz
(14)

(

(

(m ) [ (0000.) f(2)dz
(0-0.)=[ . (rn. )1+ /()
(4,.B,.C,.D,.H, . F,.K, ) = j"*‘Q,,[lzf( )zz,zf(z),fz(z),(f’(z)+l)2]dz (15)

3.3. Mt E S EAH

HEEAL N
)2
= _,[ ,[ (qunkler + 9 Pasternak + 9 kerr )5(Wb + W )dZdA (16)
A-hf2
3.4. BEE
RSN
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5K =|! j [™p /"‘ (2)(USU +V 8V + W W ) dzdxdy

arb Coe Lo A S ow,
:IOIO{]O[uO5u0+v05v0+(wb+ws)5(wb+ws)]—]{6 Oty +7, 68 + 056—;

. . i (17)
LU S R KPS Al P P L S AL S )
oy ox Ox

oy 0Oy Ox Ox oy Oy
g, | D g O, O Oy | OO Oy | Oy g OV |y | D g O D SO gy
ox o O oOx Oy 0Oy Oy Oy oy Oy Ox Ox

R AR LI R ORI (AR T, He

(101010 1 L )= [ p(2) 12,2, f (2).2f (2). 1 (2) ]dz (18)
K RARBE(13) FBE(16)FIBNAE(17)H A(12), LRSI, AT LS BFLBHOE FG AR 37712
aN ..
Suy s Wee Do g g Dy O
Ox oy Ox Ox
aN aN i . .
ovy oy T g g g O
Oy Ox oy Oy
oM, oM oM,
5Wb : axz + ayzyy +2 axa; - (qunkler + 49 pasternak + ql(err) (19)
dii %, %, o, %, 0%, .
:—11 6__):—"_12 ?;—I4W—I| a—;+12 ?;—14 6—2"1‘10 (Wb +WS)
%S 8*S o’S, 60. 00,
ow, i —= 4 — 242 = (g Guenat T Do
N axZ 6_)/2 axay ax ay (qukler ansternak qurr )
.. 2 . 2 . . 2 . 2 .
g G OV % GRS o g, Py O D oW, P 1, (30, + 90, )
Ox Ox o Oy oy oy
4. R
A SR AN YL 5 SR o3 J7 FRAL R MR AR, R T 40 B = A R BORAR B0t a2 3 5 2% A
Hrp, 4 =0T, 5 =0T
a b
uy (x,3,0)=>.>"U, " cosA,xsin A,y
m=1 n=1
Vo (X, 3,0) =22 Ve sin A, xcos 4,y
e (20)
w, (x,3,0) =D > W,,.e" sin 4, xsin 4,y
m=1 n=1
w, (x,0,6)=D. D W, e sinl,xsink,y
m=1 n=1
s 3RQ0)VNZ(19)75 BIHRFAE 77 2
Sl 1 Sl 2 Sl3 Sl4 Ml 1 M12 Ml 3 M14 Umn
S2I S22 S23 S24 _wj M21 M22 M23 M24 an :0 (21)
S3l S32 S33 S34 M}l M32 M33 M34 I/men
S41 S42 S42 S44 M41 M42 M42 M44 men
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5. GRS

ARG 4 A IR AE 1R SC L0 AU AL SR PG B RS EESE R, v TR A, Hf
PS4 RS AT =4ERS it AT 17T, S5 RIS IR A, PR 20 s

AR 2

PR ZE diff =
3D*H%/D

—1{x100%

FHEMEE E, =380 GPa , p, =3800 kg/m® (c M %A ALOs), E, =70 GPa , p, =2702kg/m* (m
FoREJEM A, RAEEA(Y, =v, =0.3), NIERIILEHLENEA LT

/ / / _Ka = K
& = oh,|—,d = oh 'D’"a) a) ’D’” a ;= «

i
K: [Z: . = ,77”:

E#
! 7711 7711 G 7711 12(1 v, )

5.1.FG &

1 BHTEIARET Y FG B REA R L (b/a). TR H(ha) A A R T 5 50 (P) I TG B 40 L 47
HAGFTFLE RS Jin 8 N [24 188 1) = 4ERS 7 A1 Mantari [25]32 tH S0 28 DL Fatima Zohra Zaoui
[261558 N HIHE = 4EARIEAT T . 25 RSB AT A &6 R A R — 8k . W THE% BERHE FG R,
AR RFUE 3D R 26/FE— L /RYE . JREZX T h = a2 1ENL, TR ER A2, 1t
N B 5178 TR RS R A RS BT S VR FH AR BB 2E . t T o Ay 5 1) SR FH A [R) 4D R BEOR 5 38 B 1) AR
WEHI oA, IR & T 5 Wi (h = a/2, b=a), TIAEHTHERG = a2, b=2a). FILXT
FERHIEAR, 7T LR =43P,

Table 1. Comparison of non-dimensional fundamental frequencies @ of FG plates

# 1.FG R ENELE &

bla hla P R
SCHR[24] SCHR[25] SCHR[26] A3
0 0.1135 0.1137 0.1137 0.1135
1 0.0870 0.0883 0.0883 0.0869
01 2 0.0789 0.0806 0.0807 0.0789
5 0.0741 0.0756 0.0756 0.0729
0 0.4169 0.4183 0.4178 0.4169
1 0.3222 0.3271 0.3267 0.3217
! 02 2 0.2905 0.2965 0.2968 0.2908
5 0.2676 0.2726 0.2725 0.2697
0 1.8470 1.8543 1.8583 1.8475
1 1.4687 1.4803 1.4830 1.4596
0> 2 1.3095 1.3224 1.3269 1.3061
5 1.1450 1.1565 1.1576 1.1621
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0 0.0719 0.0719 0.0719 0.0718
1 0.0550 0.0558 0.0558 0.0549
0 2 0.0499 0.0510 0.0511 0.0499
5 0.0471 0.0480 0.0480 0.0470
0 0.2713 0.2721 0.2718 0.2713
1 0.2088 0.2121 0.2119 0.2086
2 02 2 0.1888 0.1928 0.1930 0.1889
5 0.1754 0.1789 0.1788 0.1763
0 0.9570 1.3075 1.3086 1.3034
1 0.7937 1.0371 1.0378 1.0221
03 2 0.7149 0.9297 0.9322 0.9170
5 0.6168 0.8248 0.8250 0.8256

5.2. #R\ Winkler-Pasternak 3ER FG #f

NRFERIGE(P) N Winkler 1 Pasternak #i2E R3S 406 FG AR FITC BN 2417 2 s .

T VIR EEE t(h/a), BP 0.05. 0.1, 0.15 A1 0.2. fETWRIEDL N, # & Winkler-Pastarek L[] FG
BTG S AN B IAE BT A JE B LU B A S5 i = AR 45 R — 3. AR HIE mT DA Y Jo 40 41 B 5 vk I B 5
HOR R LG 3 R T K, R R AR A (P S sk /s, 3 Bl P b R P I B RN 224 PG AR I
Hhn, MR E ARG N, FG AR, MAL, RARTR R )RR Winkler H1EEIK] FG B R0
] PARRS AT (FEE EE), X Pasternak Y31 FG M) B HIRSIH IR K

Table 2. Non-dimensional fundamental frequency @ of FG plates resting on Winkler-Pasternak foundations

3= 2. FG F#RTE Winkler-Pasternak #hE _FRITEWNESH @

=%
w2

Wi o X T4 ) A T

K,.G, hla e} P %7 Diff(%)
0.0 0.5 1 2 5
SCHR[26] 0.0291 0.0248 0.0226 0.0207 0.0195 -
0.05  3CHR[23] 0.0291 0.0248 0.0226 0.0206 0.0195 0.00
A 0.0291 0.0246 0.0222 0.0202 0.0191 0.03
SCHR[26] 0.1137 0.0972 0.0883 0.0807 0.0756 -
0.10  3CHR[23] 0.1135 0.0970 0.0882 0.0806 0.0755 0.01
AL 0.1134 0.0963 0.0868 0.0787 0.0740 0.13
00 HR[26] 0.2464 0.2112 0.1919 0.1749 0.1623 -
0.15  3CHR[23] 0.2459 0.2108 0.1916 0.1746 0.1622 0.03
AL 0.2452 0.2090 0.1885 0.1706 0.1589 0.29
SCHR[26] 0.4178 0.3593 0.3267 0.2968 0.2725 -
020  CHER[23] 0.4168 0.3586 0.3260 0.2961 0.2722 0.07
AL 0.4150 0.3550 0.3205 0.2893 0.2667 0.53
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SCHR[26] 0.0298 0.0257 0.0236 0.0219 0.0208 -
0.05  3CHR[23] 0.0298 0.0257 0.0236 0.0218 0.0208 0.00
A 0.0298 0.0255 0.0232 0.0214 0.0205 0.03
SCHR[26] 0.1164 0.1007 0.0924 0.0854 0.0809 -
0.10  SCH#R[23] 0.1163 0.1006 0.0923 0.0853 0.0809 0.00
AL 0.1163 0.1000 0.0911 0.0838 0.0798 0.1
1000 SCHR[26] 0.2526 0.2192 0.2012 0.1856 0.1745 -
0.15  CHR[23] 0.2522 0.2190 0.2010 0.1855 0.1745 0.02
AL 0.2523 0.2178 0.1986 0.1823 0.1726 0.19
SCHR[26] 0.4290 0.3737 0.3433 0.3161 0.2948 -
020  ICHR[23] 0.4284 0.3734 0.3431 0.3159 0.2950 0.02
AL 0.4287 0.3715 0.3392 0.3111 0.2927 0.27
SCHR[26] 0.0411 0.0393 0.0386 0.0383 0.0385 -
0.05  3CHR[23] 0.0411 0.0393 0.0386 0.0383 0.0385 0.00
PN 0.0411 0.3922 0.3842 0.3806 0.3836 0.00
SCHR[26] 0.1614 0.1548 0.1522 0.1509 0.1517 -
0.10  3CHR[23] 0.1616 0.1551 0.1525 0.1512 0.1521 0.03
A 0.1618 0.1550 0.1519 0.1505 0.1516 0.00
100,100

SCHR[26] 0.3538 0.3405 0.3350 0.3324 0.3337
0.15  SCHR[23] 0.3551 0.3421 0.3367 0.3342 0.3358 0.02
AL 0.3562 0.3424 0.3361 0.3331 0.3353 0.15
SCHR[26] 0.6093 0.5884 0.5797 0.5754 0.5770 -
020  CHER[23] 0.6137 0.5940 0.5856 0.5815 0.5843 0.06
AL 0.6168 0.5957 0.5857 0.5805 0.5841 0.07

MBI E S K, MM, MEEYE248 G, mlud#gin. 2 G, EECRN, K, R # 2 0 a) L
BWEATE, REEMET K, GRS o+ K. b, G, AR T 52 b R R 5 A2 (b
B, 15 G, =0 BIHOLT, SEEHEE B LR E I NN . H24 G, =100 B, S hf m AR 20a B2 b
Tt FEREE G, 1l o + B REEEK TS RAMER . IR W, Pasternak/Kerr BRE TN BT V)2
NIFERCK ) FG iR E RS SIS AEAEBRRG . 3¢ 3 i 5 3D FifE 3D 5 R A b, 3ok 1 PYAR s HR x0T
RN SR S o PG ARCRIFL BR AR FG AR B3R B0 14 RE R 520 o 3638 AL BR8N A DA A =X, B TEFL R (perfect)
FLBR ¥ 5] 53 41 (imperfect-even)«  FLBR AEYY 5] 53 Afi (imperfect-uneven) FFL K 5F £ E ¥4 &) 5 4ii (imperfect-loga
rithmic), JEFE U (h/a)i&#% 0.05+ 0.1, 0.15. 0.2. fEATEE Winkler-Pasternak #EMIERIE LT, HH T
HRLALIR FG R EN SR NRP ] LUE RIS e SECEN MK, B ILERE
ST RGN, T35 5 43 AT [ AR B L B G 9D
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Table 3. Variations of frequency parameters @ of porosity versus the Winkler-Pasternak foundation stiffness (P =1)

% 3. FLBRES Winkler-Pasternak #ERIEHTIT FG FHRAVINE o BIEM(P=1)

K,.G,  hla TR ToALBR B85534 e[S 2R ¥l Xt HCIE S 5 A
E=0 E=02 =05 E=02 =05 =02 =05

SCHR[23]  9.020 8.370 5.738 9.052 9.117 9.050 9.106

00 £ 8.889 8.410 5.886 8.982 9.107 8.927 8.979
SCHR[23] 8.818 8.203 5.659 8.845 8.896 8.843 8.889

010 AL 8.693 8.235 5.799 8.776 8.881 8.728 8.773

00 SCHR[23] 8.516 7.950 5.535 8.536 8.569 8.535 8.565
o1 AL 8.400 7.973 5.664 8.467 8.547 8.428 8.465

HR23]  8.151 7.641 5378 8.164 8.178 8.163 8.178

0-20 AR 8.044 7.654 5.494 8.096 8.149 8.066 8.095

SCHR[23] 9.430 8.917 6.933 9.505 9.655 9.501 9.626

005 AL 9.305 8.803 6.810 9.480 9.645 9.360 9.435

SCHR[23] 9.231 8.753 6.850 9.301 9.438 9.298 9.412

100.0 010 AL 9.114 8.644 6.729 1.157 9.427 9.164 9.233
SCHR[23] 8.934 8.505 6.721 8.999 9.118 8.995 9.096

o1 A 8.827 8.405 6.604 0.056 9.100 8.872 8.934

Xik[23]  8.577 8.203 6.559 8.636 8.738 8.632 8.719

020 A3 8.481 8.112 6.446 0.048 8.715 8.520 8.574
SCER[23] 15439 16.320 18.625 16.011 17.098 15.982 16.800

005 AL 15.368 16.344 18.672 15.977 17.097 15.609 15.957

0.10 SCHR[23]  15.245 16.148 18.464 15.812 16.883 15.783 16.668

K 15.194 16.179 18.512 15.792 16.889 15.431 15.772

100:100 0l SCRR[23] 14.966 15.895 18.212 15.525 16.575 15.500 16.365
A 14.941 15.937 18.257 15.524 16.591 15.172 15.504

020 SCHR[23]  14.640 15.595 17.872 15.192 16.221 15.164 16.016

AL 14.643 15.647 17.905 15.210 16.243 14.868 15.191

XTSI A, R B NS FECEEWIR R, SIS E00 R NMR R %, H
A LI 7 A N TE RN AR A B R A IEE

5.3. Kerr 3 5 FBY FGM 1R

U4 SN TN Kerr HuBEIR) FG AL SAPESEL R L (W) MU (P T I A A AL
45k 5 Shahsavari FJ#E =4EfF—3. 5% 2 MEERAMEL, 2 K MK AZN, (2T Kerr 3k B FG R
RIS, KRN FEIE K, = o, Kerr T LLRUNE] Pasternak M3, KILH] Kerr HiIFEAHEL
Pasternak #5238 FG ACAINIEERCD, S BURZR I BN . HBEE 3 ENIE K, [EREK, B MR
NEFARLE . K] 2 9 FG TG ENMFE S EE . FEREEFIILBRFR MR R, RIEERE AR )
A S 3] K BRI KT K, > B0 K, (K, , h/a) FUREEEFEHO0 [ 8523 (52 1 AN (UK,
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K, MK, (K,, PYR hia % BRI RI BN ER, BN).

Table 4. Non-dimensional fundamental frequency @ of square FG plates resting on Kerr foundations ( K, =100 )

%< 4. FG FIRTE Kerr thE FRTERESN & (K, =100)

K, K, h/a Y P R 2 Diff(%)
0.5 1 2 5
WHik[23] 0.0253 0.0231 0.0212 0.0202 -
009 AL 0.0251 0.0227 0.0208 0.0198 0.04
WHik[23] 0.0988 0.0903 0.0830 0.0783 -
010 AL 0.0982 0.0891 0.0814 0.0771 0.12
100.0 CHR[23] 0.2149 0.1964 0.1801 0.1685 -
o1 AL 0.2137 0.1939 0.1769 0.1665 0.22
CHR[23] 0.3661 0.3347 0.3061 0.2838 -
0-20 A 0.3641 0.3306 0.3011 0.2815 0.34
SCHR[23] 0.0329 0.0316 0.0308 0.0305 -
005 AL 0.0328 0.0314 0.0305 0.0303 0.02
HR[23] 0.1294 0.1245 0.1212 0.1201 -
019 NS 0.1291 0.1238 0.1202 0.1194 0.06
100,100
HR[23] 0.2842 0.2740 0.2666 0.2637 -
o1 AL 0.2839 0.2727 0.2649 0.2627 0.10
HR[23] 0.4906 0.4739 0.4615 0.4560 -
020 AL 0.4910 0.4727 0.4593 0.4553 0.09
0.05 SCHR[23] 0.0351 0.0341 0.0335 0.0334 -
£ 0.0350 0.0339 0.0332 0.0332 0.02
CHR[23] 0.1385 0.1345 0.1320 0.1316 -
010 AL 0.1382 0.1338 0.1311 0.1310 0.06
200,100
ICHR[23] 0.3049 0.2964 0.2909 0.2897 -
o1 AL 0.3046 0.2954 0.2894 0.2890 0.08
Hik[23] 0.5273 0.5139 0.5047 0.5024 -
0-20 A 0.5282 0.5131 0.5030 0.5020 0.05
SCHR[23] 0.0427 0.0423 0.0422 0.0426 -
009 AL 0.0426 0.0421 0.0420 0.0425 0.01
HR[23] 0.1687 0.1670 0.1668 0.1684 -
200,200 010 A 0.1687 0.1666 0.1661 0.1681 0.03
SCHR[23] 0.3728 0.3694 0.3689 0.3725 -
o1 KL 0.3733 0.3692 0.3681 0.3722 0.02
SCHR[23] 0.6484 0.6436 0.6431 0.6494 -
020 K 0.6507 0.6443 0.6424 0.6492 0.05
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Figure 2. Effect of parameters (K,,K,h/a,P) on non-dimensional fundamental frequency @ of FG plates resting on

Kerr foundation ( K ,=100)

2. B8U(K,,K, ,hja,P)5t Kerr HE - FG IR ENFE & BIRMI( K, =100)

5 WHIE T AL AR A RN Kerr WY FG BUCRNAR FI5200 . X Bk B 51

X ALBR AR F PR A Y, TMRLBR R IR B BB SENIE SR K, , K )R, 5§
PEFE A ) BRI R 0. O 1 BB SLER R FG ARAE Bt S AN 3t 5 A IR BRI RE I, P 3 08 FG RO
EAPARAL RS LA E (B a = 0.1) I SRARTREON S ENIE S H R . NZE R DA 1, FG AR A
TEH(PYX B A LRI 21 3 A FILBR AN 510 AT 1) FG ARARBNAG RF M . EPEE 1) FG R, FLEA
B EIATLEALBR I S 0 A, AR AR RO o AR R, TR T (1 FGARAE T R R B
A, FLEREIZI A0 [ FG BRSO

Table 5. Variations of frequency parameters @ of porosity versus the Kerr foundation stiffness (P =1, K,=100)

5. FLBRES Kerr MEMRNIE S BT FG HRAVIAE 0 BFM(P=1, K,=100)

K,.K  hla it TEALER 7k By Wi ek kil POp-El kb i
E=0 £=02 £=05 £=02 £=05 £=02 £=05
YHER[23]  9.227 8.648 6.364 9.281 9.390 9.278 9.369
100,0  0.05
' 9.099 8.539 6.271 9.214 9.379 9.146 9.210
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Continued
XHR[23]  9.027 8.482 6.282 9.076 9.171 9.073 9.154
w0 A 8.906 8.379 6.193 9.010 9.156 8.949 9.006
CHR[23]  8.728 8.232 6.157 8.770 8.847 8.768 8.834
100,0  0.15
AL 8.616 8.137 6.070 8706 8.828 8.653 8.703
HA[23]  8.367 7.927 5.997 8.403 8.462 8.401 8.453
" A 8.265 7.840 5.914 8.340 8.463 8.296 8.338
HR[23]  12.643 12.969 13.780 13.006 13.702 12.987 13.562
e AL 12.554 12.774 13.357 12.960 13.697 12.715 12.947
HR[23]  12.454 12.807 13.656 12.811 13.494 12.793 13.357
o A 12.378 12.623 13.240 12.775 13.493 12.536 12.762
100,100
SCHR[23] 12176 12.567 13.463 12.528 13.194 12.510 13.061
e K 12.121 12.398 13.054 12.505 13.199 12.273 12.492
CHR[23]  11.849 12.281 13.216 12.196 12.847 12.178 12.718
020 A 11.817 12.127 12.811 12.188 12.857 11.964 12.175
SCHA[23] 13.639 14.174 15.564 14.079 14.920 14.056 14.751
e AL 13.557 13.957 15.072 14.038 14.917 13.747 14.022
CHR[23]  13.449 14.009 15.426 13.884 14.710 13.862 14.545
o A 13.383 13.804 14.941 13.854 14.712 13.570 13.838
200,100
SCHA[23] 13.172 13.766 15.213 13.601 14.410 13.579 14.248
o K 13.129 13.577 14.734 13.586 14.418 13.310 13.571
CHR[23]  12.847 13.477 14.934 13.270 14.063 13.249 13.905
020 piN'e 12.829 13.304 14.460 13.272 14.078 13.005 13.258
SCHA[23] 16901 18.040 21.010 17.575 18.851 17.541 18.595
e A 16.838 17.752 20.313 13.545 18.851 17.118 17.521
HR[23]  16.704 17.861 20.832 17.372 18.630 17.338 18.377
o A 16.662 17.588 20.142 17.358 18.638 16.938 17.335
200,200
CHA[23]  16.420 17.598 20.547 17.079 18.313 17.045 18.066
o K 16.407 17.345 19.862 17.086 18.332 16.676 17.064
HR[23]  16.089 17.286 20.147 16.739 17.947 16.706 17.706
020 piN'e 16.107 17.050 19.456 16.767 17.973 16.369 16.745
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Figure 3. Variation of non-dimensional frequency @ of FG plates resting on Kerr foundation versus power-law index for
different spring parameters and shear layer parameters (£ =0.2,P=1)
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