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Flexural Vibration of Stiffened Plates in Contact with Water
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K.C. Kim*, K.P. Rhee*, H.Y. Lee**

Abstract

For vibration analysis of stiffened plates the orthotropic plate analogy is commonly accepted.
As to stiffened plates in contact with water, however, there is still much uncertainty in
estimation of the added mass because of the lack of direct methods.

The authors, considering that for added mass of plates there are many reliable data derived
theoretically or experimentally available, suggest a method to estimate the added mass of a stiffened
plate by combining the mass increase factor, g, of an equivalent orthotropic plate and the correction
factor, &, for the effects of stiffeners. The latter is to be derived from systematic experimental
investigations. Then, the natural frequency in water, f’, can be calculated from that in air, f,
by the equation f’ = f/ vV1+«p.

To investigate practical applicability of this method, a systematic experiment was carried out
with five uniaxially stiffened plates. Each of them had a plate of same size, 600 mm %600 mm x
3.2 mm, but stiffeners of different size in web-depth, 41. 6mm, 51.2mm or 66.8mm and of different
spacing 75mm, 100 mm or 150 mm. Natural frequencies were measured under simply supported-
edge conditions in both air and water, and corresponding & values derived.

In spite of wide variations of web-depth and space of stiffeners, the experimental results show
that the diversity of & values is not remarkable; mecan values of x are [.31 with standard de-
viation of 0.025 for the first modes and 1,27 with that of 0.077 for the second modes. Hence,
the authors conclude that the above x values can be uscd generally for the cases of uniaxially
stiffencd plates both sides of which contact with water, and that & values of general use for the

cases of cross-stiffened plates may also be obtainable from similar experiments.
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Table 1. Test pieces.

(Unit: mm)

Identi- 7 VSt%ﬁeg?r* - Ec%utiv.
Plate | Web depthx ?h? ‘f(

fication Flange width | Spacing 5 (EC ;

» Thick. «(Eq.3)
sp1 || 41.6x31.3x3.2] 100 | 6.33
SP 2 1600><600 51.2%31.3x3.2 150 | 5.49
P3| 51.2x31.3x3.2] 100 | 6.64
SP 4 ‘X*"“’ sl2xslaxa? 7 | o778
SP 5 || 66.8x31.3x3.2 100 | 7.14

*Channel bar, umamally arranged in z-direction.
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Fig. 2. Details of support of test picces.
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Table 2. Natural frequencies measured.

(Unit: Hz)
Test picce Mo(dnez’ il;ape‘ Inf,:r ( In v:jtcr
N — : ]

SP 1 L1 1 308 95
L2 ) 316 122
Sp 2 LI s ] 107
Leoob | 110
s | L1 a0 |
Le a2 164
Sp 4 L1 420 \ 140
1,2 430 | 172
SP 5 11 60 | 181
L2 | 574 | 229
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Table 3. Comparision of calculated natural frequen-

cies in air with experimental ones.

(Unit: Hz)

<t s | Mode shape | fm); Sn
Test piece ! (m, n) mcasumd calc.(Eq. 4)

SP 1 11 308 353
1,2 316 360

SP 2 f 1 1 : 370 409
| Lz 379 415

sp 3 1,1 } 410 431
Lz | 4 436

SP 1 L1 | a2 a7
L2 | 430 451

Sp 5 L1 564 565
L2 | 51 569
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Table 4. Mass increase factors, §’, and corresponding
correction factor, », derived from experiments.
(Table also shows the comparision of f by Eq.(10)
using mean values of £ with those measured)

(Unlt of f: Hz)

Test | "wn as |Pnn a5 2 Kmn ( f i 7f,vn
. ! /:;ctual ?}i?ct]e{ hOf bjlss?j :n measu-
pleceu ‘,EFS__E/ | Ul'] ‘ (.3 /ﬂ) ) |(Eq. 10)] ‘red ,
(m,n)=(1,1)
SP1 1 9511 7.38 1. 289‘ 94. 63’ 95
SP 2 “ 10. 958 8. 508 1.288 106. 5 107
SP 3 ’ 9.259  7.035 1. 316 128.7 128
SP 4 ] 8. 000 6. 004 1.332 141.5 140
SP5 | 8709 6.542 1.331 182.9 181
mean: &y 1.31 ‘
(m, =1, 2)
SP1 | 5708 4.645 1.229 120. 3| 122
SP 2 , 6.328 5.356 1.182 135. 7[ 140
SP 3 5.559 4.428  1.255  163. 2 164
SP 4 5.2500 3. 779" 1. 389 178. 6" 172
SP 5 { 285 4 118 1.283 229. 9[ 229
mean: gy J 1.27 l
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