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Vibration Analysis of Side Walls of a Rectangular Tank

by “Yasumi Toyama, member

Tomoko Akashi

Summary

This report describes methods for the vibration analysis of side walls of liquid filled tank in ships.
The natural frequencies of simply supported side walls are obtained by means of analytical energy
method and boundary element method combined with structural finite element techniques. Comparing
the results, the numerical accuracy of natural frequencies depending on the mesh sizes has been

investigated.

The vibratory responses of side walls are also analyzed in the cases where the tank is enforced to
vibrate in horizontal or vertical direction with given acceleration.

Simplified methods are proposed for the prediction of natural frequencies and acceleration levels of
side walls using non-dimensional parameters which are found to be applicable to the problem of both

side wetted bulkhead wall.
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Fig.1 Coordinate system of a rectangular tank
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Table 1 Principal dimensions of a tank structure

bottom length a = 1600 mm
bottom breadth b = 1600 mm
tank height h = 1600 mm
liquid depth d = 0~1600 mm
panel boundary condition | simply supported
panel thickness t=2.4mm
Young’s modulus E = 206 GPa
Poisson’s ratio Vv =0.3

panel density ps = 7.85 ton/m®
liquid density pw = 1.0 ton/m®

Table 2 Convergence of non-dimensional natural fre-
quencies with respect to number of terms (a=

b=h)
Full Loaded (d=h) Mode1 1/wo
Kmax = Mmax = N max

I max 1 3 5 10 20
10 0.26857 | 0.26651 | 0.26645 | 0.26644 | 0.26644
30 0.26856 | 0.26650 | 0.26643 | 0.26642 | 0.26642
100 0.26856 | 0.26650 | 0.26643 | 0.26642 | 0.26642
200 0.26856 | 0.26650 | 0.26643 | 0.26642 | 0.26642

Half Loaded (d=h/2) Mode1 @1/wo
10 0.69471 | 0.63747 | 0.63738 | 0.63733 | 0.63732
30 0.69258 | 0.63613 | 0.63604 | 0.63598 | 0.63598
100 0.69235 | 0.63598 | 0.63590 | 0.63584 | 0.63584
200 0.69233 | 0.63597 | 0.63589 | 0.63583 | 0.63583
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MODE 4  2.190(S)
w4/wo = 2.209(A)

Fig.2 Natural modes and frequencies of side wall
(Full loaded tank d=h, a=b=h)
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(S): Natural frequency of symmetric mode  (A): Anti-symmetric mode
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Fig.3 Natural modes and frequencies of side wall
(Half loaded tank d=h/2, a=b=h)
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Fig.4 Hydrodynamic pressure distribution at x=a/2
(plowhe?® for symmetric modes, d=h, a=b=h)
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Fig.5 Hydrodynamic pressure distribution at x=a/2
(p/owhe? for anti-symmetric modes, d=h/2, a=

b=h)

Table 3 Natural frequencies of side wall by FEM-
BEM with different mesh sizes (a=b=h=d)
Figures in ( ) show ratio to analytical solu-

tion.
Mesh | MODE Non-di ional natural frequency w/wo
size No. 1 2 3 4 5 6
a/8 3 0.2691| 1.1808| 1.2510| 2.3313| 3.1662| 3.4078
E (1.010) | (1.051){ (1.052)| (1.064) [ (1.138) | (1.138)
a/16 .=2 0.2665| 1.1343| 1.2015| 2.2135| 2.8614| 3.0812
g (1.000) | (1.010)| (1.010) [ (1.011)| (1.029)| (1.029) |
a/32 E. 0.2662 | 1.1252| 1.1914| 2.1930| 2.7990| 3.0140.
@ (0.999) | (1.002) | (1.002)| (1.001)| (1.006) | (1.006)
Analytical ®/mo | 0.2664 | 1.1233| 1.1892| 2.1902| 2.7816 | 2.9950
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Fig.6 Effect of liquid depth on natural frequencies of
side wall (symmetric modes, a=b=h)

DERUEIZ DWTEZ 3,
ww=wa/ 1+ (23)
walwo=1+(h/a)? (24)
E=¢la (25)
a=puwh/(ost) (26)

Z I ww : BKEE RS

wa | EREHIREN
E QEIZBECIE ¢ DECKET 53 h—Ef L &5k
FTIEWBTED, LA A&y 7 conTa®k 10
»5 1000 ELS®1EFD £ % Fig. 71077, HCER

NI -El ectronic Library Servi ce



The Society of Naval Architects of Japan

MG S > 7 (B O Bk iR B AT

605

DFEIE § OFIZ 1 BUTIKEE R v, @ BEHT 2
HHIE o DEICE ) BEERSE— FRELCELT 37
»TH2, Fig. 812 dh=1, 0.75, 0.5 x4 2 & DEtH
BEETT, 12720 a WEBC#Ebh 2 WHOEDREE &
LTae=100 & LTEHEL,

TR bBEERES d TR+ RKELS kL, @b
DB 2D, NFRE— F LMRE— FOEGEIES
BE—HT 2L % 5, db=02UTFT2o0A»VE
SAEASANEOTH M BB EF L2, ZITIHEA

DHRIC DOV TRET T 5, 1 BRI (1) R0 1181513,
TRbbRES, &L bREREERE I CEgE— F 2K
ETHHDOTHY, RED L > TRESNWIHETH 5,
ERDVWTHAEL DEEZEBLIIBE L OB % Fig. 9
RS HNECEOE WS v 78, | HE RO E NE
R BEAETRT, ¥ ETOTMEOLIIWHEOBS &
DRELSRD, THIEBOEEHESE— 28 Fig. 10 1
AT LI ETHRE k> THES T, BHEHIC L LEZE
PR LT U HBETI TRV L8R LTWw 5,

. 0.8 0.7 I 1.4
a=b=h - ‘NN-V"CMSOUI’“Q" 1 ~———— ANALYTICAL SOLUTION
o ci /h=1 s‘ymmetrlc modg ~ [Y) SS—— APPROXIMATION by KITO 12 o APPROXMATION by KO ]
— ®  NUMERICAL(FEM-BEM) ®  NUMERICAL (FEM-BEM)
= i | /
] 0s 1 i
Q. = = /;
S~ 3 =3 i
< - z of z /i
é é- o4 SYMMETRIC MODE // 3-“ 4
N 0.4 ’ = i S A N MODE /%
o = 03— 4 w 0.8 —
iy d/h=1 antisymmetric mode 5 Heoe - s 77
w [ - > ————@ @ I ’/ I mmusmuc
- B oz /,/ M 7
=] 4 7
B 01 4 02 AN
Iw d/h=0.5 symmetric mode Vi ]
/ —
o v P - o —— - e = = v v - e P - ——— ° o ° -“___—
d/h=05 antisymmetric mode 0 025 o5 ors 1 ] 025 os 075 1
0 Lo it L1111 L [ N | d/h d/h

10 100 4 h/a=h/b=1 ) h/a=h/b=2

a or pwh/pst

1000

Fig.9 Effective mass parameter ¢ as a function of

X . . liquid depth
Fig. 7 Effective mass parameter ¢ for a cubic tank
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Fig.8 Effective mass parameter ¢ for a rectangular
tank
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Fig. 10 First natural mode of side wall depending on
liquid depth (symmetric mode, h/a=2, h/b=
2)
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(b) Vertical base motion

Fig.11 Mathematical model of a liquid filled tank with
base excitation
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Fig. 13 Frequency response function of panel center
acceleration to'base excitation (d=h/2,a=b=
h)
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Fig. 14 Participation factor of a panel center accelera-
tion as a function of liquid depth (a=b=h)
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(b) Vertical excitation

Fig. 15 Participation factor of

a panel center accelera-

tion for a rectangular tank (First mode of full

loaded tank d=h)
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Fig. 16 Simply supported transverse bulkhead separat-
ing liquid of different densities and depth
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Fig.17 Hydrodynamic pressure of liquid in both tanks
at center line section x=a/2 (p/owihw?)
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