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Vibration Analysis of Thick Plates with Concentrated Mass
on Elastic Foundation

A F ol &gt -0 5 A"
Il Jung Kim, Yong Soo Lee and Soog Kyoung Oh
(2006 19 249 A4 ; 20069 5€ 89 HAISR)

Key Words : Concentrated Mass(F %2 %), Vibration(?3%-), Tapered Ratic(‘tH 3HE)

ABSTRACT

This study is undertaken for the vibration analysis of tapered thick plate with concentrated
mass on elastic foundation. The boundary condition of the plate is analyzed with the 4-—sides
simply supported and 4—fixed basis. This study find out the frequency following the change in size
for each foundational variable on Pasternak foundation, one of the two—parameter elastic
foundation parameter that considered the shear layer to the Winkler foundation parameter. The
concentrated mass is applied with the consideration of mass of the entire plate, and the change of
frequency is studies on each location with the consideration of reacting for the three locations for
concentrated mass. And, in order to find out the change of frequency on the thickness of the
plate, it considered tapered ratio that linearly changes depending on the length of the plate with
the thickness of the plate in x—direction, and the tapered ratio has changes with 4 types («a
=0.25, 0, 5, 0.75, and 1.0). For the interpretation, the program using finite element method
(F.E.M.) is used and the element coordination is used the 8-—node serendipity element. Therefore,
the purpose of this study is to find out the characteristics of plate vibration under the mechanical
vibration or external vibration factor to facilitate as the basic data of the design to secure the

stability.
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Table 1 Comparison natural frequency present and
Ref. (6) ( a2=¢ 4®Yp/D) (position of
concentrated Mass: center, 50 cm X 50 cm,
t=0.455 cm, all side simple supported)

Ref.(8) This study
* Mode number Frequency Frequency
1 13.96
2 13.89
13.
3 13.81 376
4 13.79
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Table 2 Natural frequency of tapered thick plates

(2= o/Dy)
(taperaratio) Ref. (2) | This study | Error{%)
0.2 21.59051 | 21.58787 0.01
0.4 23.54861 | 23.45184 0.19
0.6 25.37844 | 25.29344 0.33
0.8 27.23463 | 27.08043 0.56

Table 3 Comparison natural frequenies versus
foundation parameters by present and
Ref.(8) ( A= 4a*Y /D) (position of
concentrated mass: center, 100cmXx100
cm, t=20.0 cm, all side simple supported)

SFP | WFP (simplf;eiﬁ(sgo rred) This study (errors)
0 17.4486 17.4345 ( 0.08%)
10 17.7208 17.7071 ( 0.08%)
0 |102 20.0042 19.9952 ( 0.05%)
103 35.5028 35.5161 (~0.04%)
104 98.56331 98,7452 (—0.22%)
0 22.2117 22.1956 ( 0.07%)
10 22.4261 22.4104 ( 0.07%)
10 | 102 24.2698 24.2580 ( 0.05%)
103 38.0638 38.0741 (-0.03%)
104 99.4473 99.6619 (-0.22%)

* SFP=Shear foundation parameter
+ WEFP=Winkler foundation parameter
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Table 4 Variation of natural frequencies versus
vibrations of Winkler foundation parameter
(all side simple supported, SFP=5.0).

WFP
100

Post
stion} o | 20 | 50

200 | 500 ;1000

P1 [11.00{11.20{11.47|11.89|12.61|14.23|16.00

Pc |10.23110.46110.78|11.29|12.19|14.37|16.91

P2 [13.39(13.65|14.03|14.61|15.64|17.97|20.55

Table 5 Variation of natural frequencies versus
vibrations of Winkler foundation parameter
(all side fixed, SFP=5.0)

WFP

Posi

-tion| 0 20 | 50 | 100 | 200 1000

P1 |15.77|15.82 16.14]16.49 18.54

Pc [14.03|14.13 14.52114.99 17.95

P2 (20.66|20.77 21.19121.67]22.92|24.54

V)

de

927} B HAe] g2rg 79 wE

AR i RF(WFEP) 7Y 57kl wet 2 A4
o] 9x)9 THAFSFE S/ B & ok A
SAZo] P2 &t A= Pl, Ped vl =
< IHAFFE Bon, GRS A= WFP
=200& 233 AS JAFAFo| Pl g A
1} Peoll 248 349 A/AFFE 2319 ¢
AA Yehtes 2&

7]

e oy

9o}, 13AAY 3%

4. 2 E
o] A7+ BAXAE AFAFS e wed
FHe AFeHHel #¢ ATolnt. BAEARS A



495

o) & 5. 2 % A

A9tz Winkler X|%ko] 312 ¥ PasternakA}8Fo.
2dysgon, @2 HAAEY o g
HEAZY 77 2 94 W g2 143%

g A3k ojo] wWE 1HAFFY HWIE A

E3tgitt
I A3 gy e 4838 dig.

1) AFAZNE z2he &, Al 2o @,
A AFAFE 2 By WIdAEFS A
< 1% B 1/AFFE Tt 71ESe 47
vl w3t A} 0.56 %olske] JL a8 BAch

(2) HPHEY & AFF9 A= ¥
U Y AA el wet BF b|5d A
B3tk AF Ao Fig FRAEFE
dAe gol £ & & 5 Sk

(3) WiddEe] tfa AFAFo) B Fdo
43k 297 B ¢ 1 /RS E Uegen,
e FA7L ghe Xel FFAFHo| FE3h: P19
A¢RY B SA7 $AS 1FAFo] g3
P29 A% 1H{AEF7E A e

(4) ¥dd #o IFHFFe AdHEo) S8
of wet dFoz Frishe A& & 4 ik

(5) &3R8 oA (WFEP)7F F7VE| whet
7t JEAF JAdMY THAFFE F7heR
o @AY ASE wFPIF AR w24 R
%A% YA Pl, Pc, P2 £X2 WFP7} A& A%
¢} 28 ¥5AEF7 3A vehged, 133A) 9
BAeede AFdEe] ZEHAA P, Pl, P2 €42
IHRNEFIE 2A ek

LA i

2 ]

o] AFE 20069 AFthtm T AT o
@ 89 RYu

Hd

618/et=L2 5T ESSE3 =

o8

(1) Low, K. H, Ng, C. K. and Ong, Y. K., 1993,
“Comparative Study of Frequencies for Carrying

Mass,” ASCE J.Engng Mech. ASCE Vol. 119, No.
5, pp. 917 ~ 937.

(2) Kukreti, A. R, Farsa J. and Bert, C. W,
1996, Differential Quadrature and Rayleigh—Ritz
Method to Determine the Fundamental Frequencies
of Simply Supported Rectangular Plates with
Linearly Varying Thickness, J. of Sound and
Vibration, pp. 103 ~122.

(3) Laura, P. A. A. and Gutierrez, R. H., 1985,

“Transverse Vibration of Rectangular Plates on
Inhomogeneous Foundations Part I: Rayleigh—Ritz
Method,” J. of Sound and Vibration, Vol. 101, pp.
307 ~ 315.

(4) Horenberg, J. A. G. and Kerstens, J. G. M.
Rectangular
Plates on Inhomogeneous Foundations Part 1 :
Modal Constraint Method,”  Computers and
Structures, Vol. 101, pp. 317 ~ 324.

(5) Matsunaga, H., 2000, “Vibration and Stability
of Thick Plates in Elastic Foundations,”
Enginerring Mechanics, pp. 27 ~ 34.

(6) Leissa, A., 1993
Acoustical Society of America.

(7) Kim, 1. —J., 2005, “Free Vibration of Thick
Plates with Concentrated Masses on In~homogeneous
Pasternak Foundation,” Transactions of the Korean
Society for Noise and Vibration Engineering, Vol.
13, No. 4 pp. 281 ~ 289,

1985, “Transverse Vibrations of

Journal of

“Vibration of plates,”

/A 16 ¥ A6 35, 20061



