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The Effect of Shallow Water upon the Natural Frequencies of Hull
By Tetsujiro Tomita, Member

Abstract

An experiment has been carried out at the laboratory of Prof. Kumai to find the effect of shallow
water upon the added virtual mass of the cylinder models of the typical sections of cargo ship,
especially great emphasis being placed on the effect of breadth-draught ratio.

As the result of this experiment, the increase fraction of the added virtual mass due to shallow
water (¢) was disclosed as follows :

c=1.1p3%(b/d) (d/h)*?
where, B : area coefficient of section b : breadth of section
d : draught h : depth of water
In the case of ship’s form, the increase-fraction (C) deduced when applying the above formula
for lines of hulls can be expressed as follows :
C=1.19(B/d) (d[h)**Cy
where, B : moulded breadth '
Cy : block coefficient

The natural frequencies at shallow water can be estimated according to the method described in
the auther’s previous paper : “The Estimation of the Principal Natural Frequncies of Hull”, and
the coefficients of the increased added virtual mass necessary for the frequencies calculation are given
in Fig. 3. . »

After comparison was given to the measured data and the calculated ones, this method has been

confirmed to be satifactory for practical use.
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FIG. 3 COEFFICIENTS FOR INCREASED APDED VIRTVAL WEIGHT
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TABLE 1 NATURAL FREQUECIES AT SHALLOW WATER
MEASURED ON_M/S "HODAKASAN MARY "
MoDE 2 NODE VERTICAL 3 NODE VERTICAL
| DEPTH oF wa 7" 72 8 /2 /2 %0 15 14 5
MEAN ORAFT (¥) 553 6.07 739 761 8.1/ 823 8.40 739 &40
DECTH OF W/H.DRAFT 20 20 24 /.6 e %9 ‘8 19 .8
BREADTH)/ 1 DRAFT 354 323 265 257 24/ 238 233 285 233
TRIM ) 0.98 0.46 » 084 085 o1 o.r7 028 084 028
.4 “p 98572 10,830 14044 14557 15,44/ . 16,009 1644 14094 /6414
Co 0.622 0.632 0.655 0458 0.66% 0668 2670 06358 0670
ﬁ We &0 19 .3/4 12.6/9 21233 22088 22,200 25,78/ 25360 25477 26,84/
E B RA| o2 0./67 o.189 090 | o227 0,193 0./75 1078 0gsz |
‘,‘&;3 An 1075 1072 £109 /.108 7174 r1or L 1708 1143 1099
§ Re Mo £8.8 380 875 857 90.7 72.8 79.8 /602 /5.3
KL €or @] 4400 £09/ 2619 93/8 2970 760 6794 5733 5982 |
E Wes &0\ 25014 24.930 243/3 29,990 30750 26,398 3/040 3/032 32,500 ’
1S Ysamols| o228 0218 azez az240 o274 0173 0230 1172 rort
| §, Rns 1145 /136 1140 1186 1279 /108 1160 1180 1132 :
é( (BeNe)s 832 825 8%z | 783 840 78.6 758 ISEY rezo )
| ReCoro. ArER. Mo 83 82 83 79 84 79 76 | a9 143

Re = 1.0I5 FOR 2 MODE , =094 FUR 3 MODE
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TABLE 2 DECREASE OF NATURAL FREQUENCY DUE T0 SHALLOW WA TER

( TANKER MODEL EXPERIMENT BY PROF KUMA[ )
BREADTH/DRAFT * %6

WATER DEPTH/DRAFT I 2.0 30 4.0 w0
: § fen 5,220 /167 1121 1.105 1085
‘§ g We (M) 432 33.8 276 285 232
z 3| M= —%»/—:% 0825 089/ | o950 0.973 100
sxoeriment Ny 08/3 0. 895 0947 0.970 700
E An 7,200 2155 7720 /105 1090
% g W (@) 473 370 30.0 277 252
;7‘\ M - 0.876 o944 0967 /.00
EXPERIMENT S | 0.743 0843 0.943 0974 700
w | | VE=4+Ly+Chw 29.1 385 3/.4 294 26.%
§ S }.‘//V;7% 0736 0.83/ 2920 0.955 100
Y| exrRMEN TN | 0754 0384 0942 2.970 100
W 3 We=0t04 0y | 4a, 385 . 314 29.1 24.5
§ MR/ "’1,;'% 0.736 2.83/ 0.920 0.955 100
| experimant Ml orsz 2836 0.922 0.962 .00
JABLE 3 CALCULATION OF NATURAL FREQUENCY
AT ;ﬂgltow WATER,
SHIP © M.S. HODAKASAN - MARU
LxBxb 14500 x 19%0 2 1250
MEAN DRAFT * 7,"39 , 4= /45644 A, Cs =06s5
PLACE P SAN FRANCISCO '

DEPTH OF WATER : /18 M FIR 2NOLE , 144 FOR 3 NopE

i) 2 NODE yeRTICAL

ur e ew (A Juwr
A 14044 /0,720 4473
Dy 13707 | r053 : 3811 .
: *t %2 ) T %3
L Cov 3.6/9 0851 | 3080 0.397 1,437
We=3/370 Wes™24.3/3 (Ztw)=6,663

v I?gs=(z%w), /7% 022
Rns= [%‘/ (Wes -4 55 w5 )]}& =//140

= Tex 108 ! . . A 53 4x /o8 A
el = fetbos 207 1/ g = 1015 4140 301 G B e s
=842 (RECORDED FREQ Ne=33)

) 3 NobE vERTICAL

w e ew 2 Fw ELA 3w
i VN 14044 /3607 P4 643
]
A 12,469 12,070 510 &35
*1 *2 4 b
CAv $733 Q9§36 £360 | 00254 146 00687 | 394

Ts=32 246 Wes=3/4032 (25l)s= 7 598 (zg?w)r,/' 872
s =(E2300)s /(£8%)s = 1.772
Rns= (Wes /[ Wes - 4 aZs5w) )% = 1180

0 / (3702 Y2/
(Rele)s = Rehns 245 Z/;%%W‘QWW”"’“@%}&% 7.358
= /514 (RECORDED FRER. Ni =r49)
WOTE 2 %l: FROM EQUATION (5) | %2 FRON [elh/{wds. | anp 43,
54, X5 ARy [pitffons, [Siads/furs | [30os/fuis  respecriviLy
IV Fig. 3,
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