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Abstract

For the analysis of vertical vibrations of a ship's hull, the Timoshenko beam analogy is accepted
up to seven or eight-node modes provided that the system parameters are properly calculated.

As to the shear coefficient, it has been a commom practice to apply the strain energy method or
the projected area method. The theoretical objection to the former is that it ignores lateral contr-
action due to Poisson’s ratio, and the latter is of extreme simplification. Recently, Cowper's and
Stephen’s shear coefficient formulas have drawn ship vibration analysts’ attentions because these
formulas, derivation of which are based on an integration of the equations of three-dimensional
elasticity, take Poisson’s ratio into account,

Providing computer programs for calculation of the shear coefficient of ship sections modeled
as thin-walled multicell sections by each of the forementioned methods, the authors calculated
natural vibration characteristics of a bulk carrier and of a container ship by the transfer matrix
method using shear coefficients obtained by each of the methods, and discussed the results in com-
parision. The major conclusions resulted from this investigation are as follows:

(1) The shear coefficients taking account of the effects of Poisson’s ratio, Cower’s K. and Steph-
en’s K., result in higher values of about 10% in maximum as compared with the shear coefficient
K, based on the conventional strain energy methods;

(a) K./K,=1.05 and K;/K,=1.10 for ships having single skin side-shell such as a bulk carrier.
(b) K:/Ko=1.02 and K./K,=1.05 for ships having longitudinally through bulkheads and/or
double side-shells in the portion of the cargo hod such as a container carrier.

{2) The distributions of the effective shear area along the ship’s hull based on eac.h of K, K,
and K, are similar each another except the both end portions.

(3) Natural frequencies and mode shapes of the hull based on each of K. and K; are of small
differences as compared each other.

(4) In cases of using K. or K, in ship vibration analysis, it is also desisirable to have the
bending rigidity be corrected according to the effective breadth concept. And then, natural

frequencies and mode shapes calculated with the bending rigidity corrected as mentioned in the
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above and with each of K,. K. and K, result in small differences as compared each another.
(5) Referring to those mentioned in the above (3) and (4) and to the [ull-scale experimental
results reported by Asmussen et al.[17., and considering laboursome to prepare the computer

input data, the following suggestions can safely be made;

{a) Use of K, in ship vibration analysis is appropriate in practical senses.

(b) Use of K. is appropriate even for detailed vibration analysis of a ship’s hull.

(6) The effective shear area based on the projected area method is acceptable for the two-node

mode.
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Table 1 Principal particulaars of the ships adopted (Table 2 Cont'd)
B 777{01 r}umerical calculaf%gné B Container ship
Principal particular | Bulk carrier? Conﬁ?éner FR. No. K, | W”Ka | K: rnK:H
Length, o.a.(m) 224.16 289. 50 (AP) | | |
Length, b.p.(m> | 215. 00 279. 00 1| 0308 0.102] 0.109] 0.116
Breadth (mld.) (m) 32.00 32.20 8 ; 0.512 0. 096 0.103 0.111
Depth (mld.) (m) ‘ 15.16 21.50 19 P 0.298| 0.140 | 0.143| 0.146
Draft (design} (m) 1 10. 52 10. 67 37 | 0.440] 0.146| 0.149| 0.151
Deadweight (ton) : 46, 000 56 I 0.49 0.190 0.192 0.195
Service speed (knot) (‘ 14.7 18.0 74 0.529 0.198 0.203 0.208
Mamﬁg%ne {PSxrpm ! Diesel Diesel 115 " 0.515 0.192 0.197 0.202
at | 10, 665 % , 000 10z |
/ , i 665> 131) 28,000 102 160 J‘ 0.497 0.192 0.198 0.202
Propeller blades 1 4 5 3
.. | ' 173 I 0.489 0.183 0.187 0.191
Ballast condition: ‘ l | !
, . ' 189 1 0.465 0.091 0.091 0.092
Draft (mean) (m} : 5.90 5.20
Displacement (ton) a1 000 34,120 201 0. 500 0.114 0.118 0.118
aceme on
P i ’ ’ 211 0.421 | 0.178 | 0.183 | 0.183
Full load condition: 1
e N Ay ‘ fud (FP) ‘ j
Draft (mean) (m) | 10.55 11.70 SR S
Displacement (ton) | 58,000 82,585 Poisson’s ratio »=0.3

ol 2 Bl A At
Table 1o} 5416 Folzl REHRY HBIFEHS vt
E A4E A#E Table 294 2. =, =5
el wated A= $ER el A cross deckE KT -
Hﬁﬁi%ﬁ%ﬁ%@fffrﬂ A wF Syt Zol AHMTA R
s A Ak o
BRI S 2 mode shape®] A kol oA A, BEIH

Table 2 Shear coefficients based on various calcul-
ation methods

Bulk carrier

FR. No. \ K, K, K. | K
(AP)
1 ¥ 0.268 | 0.159 | 0.167 | 0.175
15 ‘ 0.499 | 0.298  0.303 | 0.307
38 | 0.351, 0.264 | 0.273| 0.282
55 | 0.340 | 0.171] 0.178 | 0.186
8l | 0.360! 0.150| 0.167| 0.175
135.5 0.368 ] 0.15 0.161| 0.169
215 0.381{ 0.171; 0.182| 0.194
235 . 0.355| 0.182 7 0.189| 0.197
249 0.310| 0.210 0.215| 0.222
270 | 0.481| 0.288 | 0.204 | 0.299
(FP) [ ;

Poisson’s ratio v=0.3

KB Eak $22% 8 19 1984 35

Table 3 Natural frequencies based on various meth-
ods of the shear coefficient calculation

Bulk carrier (ballast condmon) {unit: He)

Qlﬁeness K,AG KQAG, K.AG
EI f EI | EI Elun

K;AG

*
Nodes | EI ‘EIunc.

0.8, 0.811 0.82| 0.83 0.82 0.83
188 1.67*‘ L6y 174 170 1.76
3.00 2.56' 2.59} 2.73) 2.62 2.7
4
5.

.20/ 3.49] 3.54] 3.78] 3.58/ 3.84

47, 446‘ 4.52] 4.90 4.59! 4.98

‘ 677! 545' 5.53 6.07) 562{ 6.18

2
3
4
5
6
7

* I- correctlon based on the effective breadth concept
is not done.

(Table 3 Cont’d)
Container ship (ballast condition)

JfeneIK, 46 [K.AG|  K.AG

(unit: Hz)

KAG

|
\ * o ®
Nodes .| EI | EI | BI [Elund| EI Elun

1088‘0.83 0.8350.83 083{084
1.99 1 1.69 | 1.70 | 1.74 | L.71 , .74
l32812.59 2.61 2.68|2.62 | 2.69
[ 4.64  3.52 3.55‘3.69 3.57 1 3.71
36.09}:4.48 4.52 4731 4.56  4.76
‘ | 5.40 | 5.44 | 5.73 | 5.49 | 5.79

O O e W

J57.51

* I-correctiion based on the effective breadth concept

is not done.
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