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Arstract

In ships and offshore structures, there are many local structures formed of thick plates and/or having

the form of double wall panels. For the vibration analysis of such a kind of structures, Mindlin plate theory

which includes the effects of shear deformation and rotary inertia is usually adopted. In this paper, the

vibration and dynamic sensitivity analysis of Mindlin plates having the boundary conditions elastically restrai-

ned against rotation have been accomplished using the Rayleigh-Ritz method. Polynomials having the property

of the Timoshenko beam functions are introduced and used as trial functions in the spatial representation

of the deflection and rotations of cross sections in two directions of the plates. The results obtained by

the introduced polynomials gave nearly the same numerical results as those by the Timoshenko beam functions

with the remarkable reduction of computational efforts especially in the dynamic sensitivity analysis.
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o AolM gfFL K—n’/lz(s S-S, S-C-S-C)
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Aol ol FHslo ALtsiA Table 1ol Azt 6
M9} moded tE FS HelolE] Q=w/ 2(1
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Tabie 1 Frequency parameter Q2=wy/ 2(1+v)pa¥/E for an isatropic thick square plate : h/a=0.1

B.C. S-5-8-§ S-C-8-C C-C-C-C
Trial|Mindlin present present using present
func.|solution[16] |work using |Timoshenko |work using |Timoshenko |work using

Mode polynomials  |beam func.[5) lpolynomials  |beam func.[5] |polynomials
(m,n) B S NN SR S S —

D 0930 | 0930 o 1.302 1300 1.594 1.591 |

OAY] 2.218 o 2.220 2.398 2.395 3.046 3.041

(1.2) 2.218 2220 2.888 2.887 3.046 3.043

(2.2) 3402 | 3405 3.852 3845 | 4285 4.272

3.1) 4144 | 4153 | 4237 4.239 5.035° 5.031°

(1.3 4.144 4.153 4939 | 4940 5078 * 5078"* |

* Mode (3,)—(1,3), * * Mode (1,3)+(31)

KREMRER LK H29% 4% 19924 34
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Table 2 Frequency parameter Q=wy 2(1+v)pa?/E for an isotropic thick square plate with all edges
equally elastically restrained against rotation : Kry = Ko = Koy =Kaye = Ke, h/a=0.1

B.C. Ke=10 Ky =50 Kix= 100 Kx=1000
Trial.|Using Using Using Using Using Using Using Using
func. | Timoshenko| polyno- Timoshenko|polyno- Timoshenko|polyno- Timoshenko|polyno-

Mode beam func. |mials beam func. |mials beam func. |mials beam func. |mials
(m,n)

D 1.303 1.302 1.499 1.498 1.540 1.538 1.582 1.580

21 2.616 2.619 2.887 2.889 2.949 2.950 3.016 3.016

(1,2) 2.618 2.620 2.891 2.890 2.954 2.952 3.021 3.018

(2,2) 3.792 3.791 4.092 4.085 4.166 4.156 4.246 4234

(30-(1,3) 4517 4.526 4.818 4.826 4.893 4.900 4.977 4.982

1,3 -GD 4.532 4539 | 4.857 | 4.861 4.938 4.941 5.028 5.029
Run |Timel® 172 | 2 175 | 26 | 175 27 176 23
Time |Time2*” 165 ; 134 | 181 145 183 151 186 158
(sec) | Total 337 156 356 171 358 178 362 181

* CPU time for constructing the system matrixIMJ and [K]
* ¥ CPU time for solving the eigenvalue problem

Sol Mzzte) Foe oA 1% Rl A 50% FAFS % F Ak BN DAL of
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o olgel el HES sl a8 $4AY & A%l BAHAKUG TH, AN17)e
2% H40 W @4TEE IANAY FHY 22 F U9HL RayleighRizdol 9@ vt

Fd/a=01)0) ddte] S F A s gy
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AEFAAINE Q=o/20+IpFE o AT
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Table 3 Sensitivities of natural frequencies, fn, w.r.t. design variables b = {h,, k), lu. t.. Ke]” for 1/8
scale double bottom model with all edges equally elastically restrained against rotation

B.C. Kx=10 Ki =50 Kz=100
Meth. |Using Using Using Using Using Using
Timoshenko | polyno- Timoshenko |polyno- Timoshenko |polyno-
Order beam func. [mials beam func. [mials beam func. |mials
ofi/oh. —138 —12.8 —29.5 —285 —31.9 —30.9
ofr/oh, —53.0 -52.0 —65.9 —65.0 —68.3 - 67.5
1 0f1/ 3t 25.9 29.6 29.3 33.0 30.0 33.7
0/1/ Oty 127.3 124.8 162.1 158.8 168.4 165.0
of1/ 0Ky 0628 | 0592 0.040 ~0.038 0012 | 0.010
ofs/ dh. —44.4 —438 —536 —53.1 —55.0 —~54.5
ofe/ oh, —724 -71.2 - 80.7 —-79.8 —~79.8 —81.6
2 Ofof Ot s 147.0 152.8 152.5 159.6 153.8 1614
Ofol Otuy 47.7 426 70.1 63.3 73.3 67.2
0f2/ 0Kz 0.348 0.315 0.028 0.024 0.007 0.007
0fs/ oh.. —67.6 —67.9 —719 —~72.6 —1725 —73.4
dfs/oh, - 88.7 —~88.8 —925 —931 —93.3 —94.0
3 Ofs/ Atus 293.3 246.4 240.7 249.6 241.3 250.5
ofs/ Oty 5.46 5.96 5.56 5.46 7.20 7.71
0fs/ 0Kz 0.166 0.131 0.012 0.010 0.003 0.002
ofd/ oh. —48.5 ~478 —63.1 —62.0 —659 —64.6
ofd/ oh —=179.5 —79.0 —89.1 —88.3 -91.0 —-90.1
4 ofif Ot 12.8 12.9 125 12.5 124 123
ofd/ otw, 249.6 248.4 276.3 274.2 2815 279.1
IAELS 0186 | 0189 | 0014 | 0014 | 0004 0.004
ofs/ oh. —60.6 -59.9 —720 —704 —74.1 —723
ofs/ oh, —86.7 —86.1 —944 —934 —96.0 —94.8
5 Ofs/ Qs 529 524 544 54.0 54.8 54.5
ofs/ Oty 197.5 196.3 2184 2158 2224 2194
ofs/ OKn 0.142 0143 0011 0.011 0.003 0.003
e/ O — 845 —~89.3 —86.1 —90.5 —86.3 —90.1
ol N -1031 —104.1 —101.8 —104.9 —-102.1 —-104.7
6 Ofe/ Ot ex 297.6 3148 296.6 3113 296.6 309.0
sl 256 29.6 18.8 22.8 173 213
e/ 0Kk 0050 ¢ 0038 0.004 0.003 0.001 0.001
Run time(sec.) 860 132 | 860 | 132 860 132
YA @ T EEHAGL sHR S FnAe AAEZE Y wE Y olFATRe LRLUF
& Jelle FAdsten)E Ko W3l o g E4 H3e 4Wuy) o8 dANsES 48 2
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Maserial : Mild sioel

Mass dansity : 9o 7322 x 10° 1 soc®s in®

Young's modulus : £ 2 302 x 10° &8/ in”

Poison’s v 1 v =03 .

Bending ngidity in 1-dir and y-dir: Do « 4 574 x 10° & in, Oy = 3.854.10" 1 11
Torsional rigidity : Dp = 4117w 10 B i

Shexr coelficient in 14 and ydir : Ko » 0.035, Ky = 0.090

Equivalent effoctive thickness ¢ A= 02138 in

Equivalent effoctive shear thickness in tdir and yodie : Avm 01865 in, Aym 0.1611 .

(b) Equi system asthe
Mindlin plate analogy (17]

Fig. 5 1/8 scale model of the double bottom
structure of a bulk carrier
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Fig. 6 Variation of natural frequencies w.r.t. pa-
rameter of elastic restraint against rota-

tion
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Table 4 Natural frequency of 1/8 scale double bottom model with all edges equally elastically restrained

against rotation : K = 10

order 1 2

3 4 5 6

Natural frequency(Hz) 148.98 212.85

305.00

309.27 351.03 410.74
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Table 5 Prediction of the change of natural frequencies, Af., w.r.t. h, for 1/8 scale double bottom model
with all edges equally elastically restrained against rotation : K, = 10

(Unit : Hz)
5h,* 10% 30% 50%
Meth. |Ordinary Using Ordinary Using Ordinary Using
Order Reanalysis  |sensitivily Reanalysis  |sensitivily  [Reanalysis  |sensitivity
Af, —0.20 —0.18 - —1.05 —1.00 -230 |  —130
Al —0.83 —0.78 ~2.89 _ —280 —529 -3.89
Afy —179 - 173 -5.71 —5.18 —9.86 —8.63
Af, —134 —1.23 —4.65 —4.10 —844 —6.16
Afs —1.82 —1.75 ~6.02 —5.86 —10.65 —8.76
Afs —297 —3.05 -9.14 —8.67 —15.39 —13.28
Run time(sec.) 156 28 156 28 156 28

* w.r.t. that of baseline structure

Table 6 Prediction of change of natural frequencies, Af,, w.rt Ky for 1/8 scale double bottom model
with all edges equally elastically restrained against rotation : K, = 10

(Unit : Hz)

SKx 10% 30% 50%
Meth.|Ordinary Using Ordinary Using Ordinary Using
Order Reanalysis  |sensitivity Reanalysis  [sensitivity Reanalysis | sensitivity
Af 1.09 1.15 291 3.15 4.36 5.74
Af, 0.80 087 | 215 2.62 3.24 4.37
Afy 0.49 052 133 1.56 20 2.61
Afy 071 | 0.76 19 2.19 2.87 3.79
Afs 0.63 0.66 1.68 1.97 2.53 3.27
Als 0.28 022 0.74 0.65 1.10 1.01
Run time(sec.) 157 29 157 29 157 29

* w.rt that of baseline structure
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