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Free Vibrations of Thick Plates with Concentrated Masses
on In-homogeneous Pasternak Foundation
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ABSTRACT

Recently, as high-rise buildings Increase steeply, sub-structures of them are often supported on

in-homogeneous foundation. And there are many machines in sub-structures of buildings, and slabs of
sub-structures are affected by vibration which they make. This paper deals with vibration of plates
with concentrated masses on in-homogeneous foundation. Machines on plates are considered as

concentrated masses. In-homogeneous foundation is considered as assigning k., and 4, to Winkler

foundation parameters of central region and side region of plate respectively, and foundation is
idealized to use Pasfernak foundation model which considered both of Winkler foundation parameter

and shear foundation parameter. In this paper, applying Winkler foundation parameters which £k,

and k. are 10, 10% 10* and shear foundation parameter which are 10, 20 respectively, first natural

frequencies of thick plates with concentrated masses on in-homogeneous foundations are calculated.
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Table 1 Comparison of natural frequency present | supported)

and Ref. (9) (@ e/D) (position of 0 17 4486 17.4345 ( 0.08 %)
concentrated mass : center, 50 cm x 50 10 17.7208 177071 ( 0.08 %)
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3 13.81 ’ 10° 38.0638 38.0741 (-0.03 %)
4 13.79 10! 99,4473 99.6619 (-0.22 %)

=28/A 134 A4 35, 2003d



HF 2 Pasternak A8t 9jol] o FAEHgs 7t o] AR7AE

rir
o

A=174345. WFP=0, SFP=1029 A= 22.1956 Table 3 Natural frequency versus nonhomgeneous
o0Z A9 ¢} 979% AR Z7}) foundation  parameters (w?VTD)
(position of concentrated mass : x=gq,
y=b,, m,/m=0.1, h=15cm, all side
simply supported)

WEP SEP=10 SFP=20
k'l kel a=b=0 la=bh=03m] a=b=0 | a=h=03m
0 6.629 10.894 7.441 12.085
0 10 6.665 10.934 7.468 12.114
- 1100 | 6.964 11.262 7.702 12.348
10° | 8.782 12.879 9.238 13.642
0 6.635 10.910 7.445 12.098
10 10 | 6.671 10.950 7473 12.126
107 | 6.969 11.276 7.706 12.359
10° | 8.784 12.887 9.239 13.649
0 6.686 11.049 7.482 12.209
102 10 | 6721 11.088 7.509 12.236
10° | 7.012 11.402 7.737 12.462
10° | 8797 12.963 9.250 13.718
0 7.087 12.235 7.7182 13.179
10° 10 7115 11.276 7.804 13.199
10° | 7.354 12.484 8.000 13.368
10° | 8.906 13.650 9.348 14.343
o o e o . oo v o oo case of kw1=0, me/m=1.0
mem 15 15

S

non-dimensional feq
©
N 9
ﬁ N
\ “
© ]

Fig. 5 Variations of natural frequencies(position
of concentrated masses: center, a,=b,=0)

o
o
@»

20 e

w
@

0 0 02 F kwz 0
—~4—al=b1=0, SFP=10 —-al=b1=0, SFP=20
‘—0—a1 =b1=0.3m, SFP=10 —&—at=b1=0.3m, SFP=20

o

Fig. 7 Variations of natural frequencies versus
vibrations of foundation parameters(in
case of k,=0)

case of kwi=10, m¢/m=1.0

Freauenicy

o

. | s |
! A

on

©

=)
o

non—dimensional feq.

(%}
w

o

' : T o T T kwz O
e 2 4 © 8 ——al=b1=0, SFP=10  —~al=b1=0, SFP=20
~@—2a1=b1=0.3m, SFP=10 —&—a1=b1=0.3m, SFP=20

Fig. 6 Variations of natural frequencies (position  Fig 8 Variations of natural frequencies versus

of concentrated masses @ @ = b =30cm, vibrations of foundation parameters(in
4 position) case of k,=10)

c

LS ESEE=2T/A 133 A4 3, 200349/287



. 7]

e

rlo

z ol d

=

case of kw1=10"2, me/m=1.0

w
w

[

P 15
| —3

& re J

<12 & pd e 12
K = e ®

=}

l2 o e 0
[

: e

5

:C

0 T 0 - s 'wz 0
~—al=b1=0, SFP=10 —.—a1—b1=0 SFP 20
—@-—-al =b1f0.3m, SFP=10 —&—at=p1=0.3m, SFP=20 )

Fig. 9 Variations of natural frequencies versus
vibrations of foundation parameters(in

case of k,=10%)

case of kw1=10"3, me/m=1.0

©

T

3

non-dimensional feq

©w

o Y — O - w3 w2 0
—e—ai=b1=0, SFP=10  ~@-al=b1=0, SFP=20
_ —@—al=b1=0.3m, SFP=10 —&—a1=b1=0.3m, SFP=20
Flg 10 Variations of natural frequencies versus
vibrations of foundation parameters(in

case of k£,=10%)

B
=
n)
Ho
riu
of.
ok

5o fr o2 & "
™

3.3 "j7& XUl 2N Hslof Cfjst me] JF
Table 3% Figs. 7~102 =4t Qo =47 9

o

FY A% S 2E A¥(a =5 =0% 3%
Aol #AF] 2450l Ao = b =30 cm)

& vekd Aot A2 Winkler AW} A
SR uke 7 sE Y, Winkler X% A2 Fig. 49l

T/A 1338 A 43, 2003

A e ek o] AR A% A ¥
Bo] 24g o v Avos sgn 1z
AR B Aol AH FAE A FHoR T

T

F

233t Table 3 ‘§-< Figs. 7~1001A vehd upe}
2ol £ AZT AHE 2T AY (a=b=0) IF
AEF =0 dV /DL ke 7t 10°Y W7 W3t

b RE Qe 10%0F 04 Addes FA
Z7k2 BAT w19 BAdel AFAZYe] B
(o= 6,=03m) & 5% AF A% 3
A et ol B 299 1% Aol #
158 4§ o] G2 AL HT}E Table 30 93
o

¢

Ak 44e] e THAFFO ARH 9%

2 A3 u]F4 Pasternak Ao g HAZ
Aeks = Fmo AEF e Aotk H|gE
Pasternak AW #e] A YS FE3}] Winkler A

B e nEA A8se wEer 29 dUL
AEAFEe @ 2P 3 ohe R A2

BAA A g w2 JFEF 3715 WA

(1 Z]HW] 7(]1151*] %L %‘JZZ‘ .o‘% Zre w3
Agk 9o ¥ JFAFE 2A G ol W)

Tl’ ANt

sTE TolL 7]«:&1% wd A Hd
022 %2 222 Bt
(2) AgAgk G2v)E(SFP) =0,10914& < 27 %
BE AESF Z712 BYOon, Winkler A4t se}n]
B9 F7to] @2 B ZHAFFY FHEL 10°
OI*Hﬂth Alololl A FAg F/HE BTt

(3) AFAP7E Qo 2R A A LA
got Azdzgnel Zokl wel 348 gasht
AzAW} ARl me Zage] FolIL om

4 & gl #¥ak 9o,
) AFAYl BPo2 AgHE
HEE 4L Moy 3%



H|ZF 2 Pasternak x| 9ol ¥l A2 %L 7= £ AH7E

(5) AgAR gEvg o] Srte] WE HAF4e | (6) Low, K.H., Ng, C.K. and Ong, Y.K. 1993,
s o] AFe Wzl Mz @& 9L vixE “Comparative Study of Frequencies for Carrying
Aoz Hol Ak dMAel= AR ko] i3l &% Mass. ASCE J. Engng Mech. ASCE Vol. 119, No.

gk 2B glojok & AR Ao 5, pp. 917~937.
{7) Saha, K. N, Kar, R. C. and Datta, P. K,
2 1 2 3 1997, "Dynamic Stability of a Rectangular Plate
on Non-homogeneous Winkler Foundation,” Journal
(1) Cohen, H. and Handelman, G., 1956, of Compuier and Structure, Vol 63, pp. 1213~1222.

Vibration of a Rectangular Plate with Distributed
Added Mass, J. Franklin Inst. 261, pp. 319~329.
(2) Wah, T. 1961,
Plate-mass System.” proc. Ind. Doc. Theor. Appl
Mecho., pp. 157~168.
(3) Laura, P. A. A. and Gutierrez, R. H., 1985,
“Transverse Vibration of Rectangular Plates on

“Natural Frequancies of

Inhomogeneous Foundations Part 1: Rayleigh-Ritz
Method,” Journal of Sound and Vibration, Vol. 101,
pp. 307 ~315.

(4) Horenberg, J. A. G. & Kerstens., J. G. M.,
1985, “Transverse Vibrations of Rectangular Plates
on Inhomogeneous Foundations Part 1 : Modal
Constraint Method,”
Vol. 101, pp. 317~324.

(5) Low, K. H., 1993, "Analytical and Experimental
Investigation on a Vibration Rectangular Plates
with Mounted Weights,” Journal of Sound and
Vibration, Vol. 160, No. 1, pp. 111~121.

Computers and Structures,

(8) Hirayoki M., 2000, “Vibration and Stability
of Thick Plates in Elastic Foundations,” Journal of
Enginerring Mechanics, pp. 27 ~34.

(9) Arthur L., 1993 “Vibration of Plates,”
Acoustical Society of America.,

(10) o] &4 9, 1999, "BAAZEO T AR
bael iz @ ZEsiAdl #Ask AR
2383 geda=gd, A12d 23
<., pp. 35~42.

(11} <)%+, 1994, "H&
T B ARAFHA
6 A3 %, pp. 107~115.

(12) o+, A=7], HHFE

70
Z

ol
o

(13) oI+, 247, olAE, 1998, “wHduksiol

EE LS

ital

/A 1398 A 435, 20033/289



