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Lateral Vibration of Deep Girders in Water

Satoru Ohnuma Member
Summary

The lateral vibration of deep girder in water has been treated in this report since the fatigue
due to vibration is supposed to be one of the principal causes of the fractures in the local structures
in the cargo tanks. The inertia of surrounding water is calculated by two-dimensional FEM using
distributed sources and sinks, and taking account of three-dimensional correction.

The effect of both the structure and the hydrodynamic inertia on the lateral vibration is examined
theoretically where the latter is expressed in term of kinetic energy for the linear combination
of the elastic modes. The effect of the face plate upon the pressure distribution and upon the
frequency is shown to be large in water.

The model experiments have been carried out and the results fairly agreed with that of calculation.

The calculated natural frequency agrees with that obtained on board a large tanker with about
1027 of errors and it is shown that the present calculation method is applicable to the actual
structures and that the frequencies of this type of structures immersed in water may be lowered

enough to cause the resonance with the blade frequency component of the exciting forces.
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Fig. 6 Effect of face plate on added mass Fig. 7 Effect of face plate on added mass
coefficients versus % coefficients versus dg/h
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U= (x/8)%, Cwaz=0.42 HE (dp/h=0.250) DFL&% Fig. 8 iRty Mk
7 CTsech) 7 0090 DEHBOKECRIETHEDORE 2 L, § 750
Fig. 8 Pressure distribution on web plate BrEsFHnavBWETLZ LN E < 5, Fig 19

with or without face (dp/h=0.25)
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Fig. 10 Two dimensional mode for three
dimensional correction
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Fig. 11 Three dimensional mode for three
dimensional correction
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. (5.
1 Ty = 1 4 (—=1D* Ck—1)my } . Jrx
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1 Fig. 12 Three dimensional correction factor
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AMAEBCRETEHORES IO SKTBEYEE TS L, AOEB =31+~ (Ty) B&KK L5,

T -7 - Ow thJX 3 3 1 -
w=Tyo’=—F-0 PARDIIDN E‘CWmncijnjrAer L,

J=1m=1n=1

1
rAJ.:——CJ N €j ki (5-4) 2%
2 (6.1)
rp----Fig. 6, 7 KR &N 5 face plate DEEHHK

KPRBOBEIL, ROEBH=FAF~ (T)iT, KOEB=FAF—~ (Tw) B AATEKRE AU I\
Ritz OB X ) RBEREBEETHBRERD 2L, B {((M-1)XxJX+]} ZBEOFERIER ORBICK 5,
T=Tp+Tr+Ts+Tw (6.2)

[(7]) 40—t (1 +exms)] X "gs::'lcmmmm m)+ [ (T ])bwpt—0?] X élcmmxom m) X i

N 3 JX
+23 3 2, Cmysin Jr&nsinjnén[0sn®1a(M, m) — 1o (M, m)1 X ttsn
N 8 JX
22 31 2 Cny@pn®sin Jrsn sinjnén@x (M, m) X 5, =0 (6.3)
el
U)PZ - Dhg 2 Eng 2__ ElSng 9. KSng

TWH P T s T ne CRn T g “F= WEI W, fsn=Wsn/Wp, ]

oM m)= [ Pt () Fn (1), 010(M, m) = ) ) Fn (1),

(6.4)

‘PXO(M m) =fM(1~ O)fm(].. 0), (le<M, m) ZfM,<O. O)fm’(O. 0)’
M:],' ...... MY’ ]—._: 1’ ...... , ]X’ n:l’ ...... , N (Stiffener 2&&)

DI, eumy RERERORCKHT 3 HMAERAE L HTELOTHEOTRATELE NG, ChbHOH

B, i Mxm OFEAROEECOWTL, KETRNT %,

Pwh Cwum?r Py BRF DFE
Outp = ¢ro(M,m) tp------web plate HFE

EMmy= Xray T2iEL, { (6.5)
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ERAEOMNMAERL ) A7 —BELTRERTEY, —RCAMABEREGERDO~
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Flfir \l,?bratif,fh;ﬁﬁ REBLETIEDH, Cwr(bxr) OIENAEIL, BBIhLEZET— FOWRGENMLT
higher degree in PHEBREEZ LN BT, HHOMEDI®, Fig 13 KiR3TAHRET5 2 HHERC
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Ixa
X

TZ‘;—{(ml‘i‘mm)ilz-*‘ (mat+my ) B2+ 2mpygdy&a}

; 7.1)
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in water,
diagonal only

- /,\)&¥ in_air

in_water

==

in air,no-notch

Fig. 14 Comparison of the lateral modes
for some cases (1st mode)

in water, 2nd .—"

=2
diagonal only_
NG ”

in_water

o D>

\\

/\un gir, no-notch

L ' 1 ! L L 4

Fig. 15 Comparison of the lateral modes
for some cases (2nd mode)

Table 1 Effect of added mass matrix Cwre

case| Ad Ja condition S &Ik el ¥ %/f&{,,! el
1 25 F1=1804 Cwre (with face) 573 1.000 | 8.92 956 1.000 | 12.9
2| 25 4 Cwas (no-face) 643 | 1122 6.91 | 1150 | 1.203| 8.7
3| 25 | | FA=366] ¢ (diagonal only) 570 | 0.995| 9.04 | 644 | 0.674 | 29.7
1k =2067| ;
41 0.0 Cwre (with face) 695 1.212 | 7.92 1002 1.048 | 12.3
fo =3662| |
A:in air ; W:in water ; 4d : see Fig. 21 I:1st, T:2nd fin cpm - A
l:kl“—wz(‘ml tmw), — (ki+0*mys) I: :I=0 7.2)
(a0, (i) — 0P (mg-t mogs) | |
e BC+ (ki + k) CA—28,C,C, .9

(my+my ) Ci24 (my+ My y) Ci24+-2my,C,Cy
Ltﬁof,anCzﬁﬂﬁ@%ﬁkﬂ#ﬂ%%"WNLlOfﬁE&#ﬁTL,ﬁﬁ@%éﬂﬂﬁﬁﬁﬂkﬁ
?5°~%&L1&ﬁ?%%%%ﬁf,Hmmﬁﬁﬁﬂoﬁﬁﬁﬁéﬁbfﬁﬁ?ék.%%MTNMI,Hg
1a15&%?&5&&@&&&&&5%6&»%.ﬁm%—Fuéﬁﬁ%itm¢ﬁﬁ%~FK&&1%L<
ﬁofvéo%ﬁﬁ%%ﬁ?é%ﬁucz@ﬁ%wﬁﬁm5E&®ﬁ@k%wﬁ%®%émmﬁﬁﬁiﬁm%ﬁ
DEBNRHDHDT, T2FY LI LR EL 0

g:ameJ¢u5@%§E%~Fmowfu,%*.m¢,vfno%ém§(&w(acm(m:La$
DIBLDLTHMUD 2 7 EHHFBRLDTN B, LicaioT IFNARC I D EBBIZ LR T3 TH B,
%EG%%,ﬁﬁﬁuﬁﬁ$ﬁfb0.ULE@TDﬁﬂﬁﬁbﬁu,&®EEK16%@&%26h60TK
bB,%%@@ﬁﬁﬁmmloFw1¢15mﬁ?;5m.%@h%—rﬂ%b<ﬁb,LK&@Q%%%XL
%@%%,ﬁ%ﬁmﬁ%#bﬁmmﬁiﬁ@xb,#%%ﬁo%@&ﬁﬁ%%§§®%kﬁkéﬁ%,h%%—
F?ﬂﬁVZLﬁ%ﬁmﬁﬁ&uﬁk&E?kbk#ott@&%%éhéo:@ﬁ%ﬂb??(?étb,
FmdeK%Lt4y@2&i$%%~rmov1m%?%o%%~F@ﬁmmgixlv%%©ﬁﬁﬁﬁﬁﬁ
EXRD, thbok UCHIKEEO R EBHH () Table 2 Added mass coefficients and reduction

T HH LT Table 2 7R3, model } 3} CIREIN

factors for simple modes(see Fig.16)

ETFRIIRZER D, FIKERR, Aok T
, . . mode Cv My /ey
WHEEDLDAKRE LD TV B, LiaioT, Efa .
%i‘éﬂ":%\:‘“Cbiﬁﬂﬂgi%ﬁ@%%lﬁ@&ﬁ%b‘ﬁ:%ﬁ 1 T 0. 6569 0.3333 1. 000
i, AT - FEAMEL, BB LSFLL AR 2 2 0.1479 ] 0.1429 | 0.526
3 22 —28 1.5971 | 0.6760 1.200
4 —x4228 0. 0701 0.1048 0.339

MMZPMhtXmM H

MW =—:]2'—0Wh2 X CV N

(HUEGEHER) (kB &)
=M _owh Cr 1
Fig. 16 Schematic modes for added mass My~ ot 2
coefficients and reduction factors (8BHRE)
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DEE—HELIRNDT, BED27 7 v 2 BEC O NDIEEHE — ¥, TEIS OB OFE» HbEZ T, JE %t FaIE
RER LIS DEEZ bV, 7tk mode 4 DY S AEEAE—~ FTIX e /&b,

ARAHZEEDE— Fik Fig.9, 14, 15 R LIcBEOENS B Kt &L BT E~ FATETH 5 & {F 5
L, Fig.14 oz — P B THMAER Y HE LCBE OB B EBRET 5, Kt W), 22h(A) o9
KILE— FCOWTHIKER (My) LIREBSEE (My) L2 TH OFERY EBCANRTEREL, chb b
HKERORERE () 2RD DL My (389 7% BAFHE TS = L35, EHXCRETHEL, M, o
KPZEHDEL B LTS OBERITN I, Fig.9 OFMBROBED L 5 KEFARTE— FOEH L Z I8
B, My 2 Table 2 }RT X S CRELERT D, ZOBACH My ARABEATELT S0, Bk
BE3REE LT My 32KEebisval, LA LW E— FOEIHEEC IO TLIREISH O Ratick L
TRTLLER LB e 2BE8d 540 E2 N5,

MWA—:pthXOgGG:Mww/l.O68 (7. 4)
1
MMAszchf 1Al +0utpdp =0yt 3h X 0. 608 = My /1. 078 (7.5
0
e,,:%:—j-?—xo. 601=10. 76 =& /1.010 (7.6)
MA M'M

8 HMAURBRERSIUHELOE

iz (X & XRE=600X240x4.5 or 6.5) D2 RILHBIC X b FUXEER XU BMLHEOBEIC T
EBRLIA, FhoBE AN X0 BT AmE L, AT, 0.8mm LIFORK 4+ EoTHiE (960
X600) XEELT, EBRIPAENTELRT 2ATHEALD L SBEB LI, BEAOKENES C £ 54
f2hs, tokeics L REBBIZETOMH 2% CETTE. COREBE, KEXO 1/4 BEH» LELIKE X\
DIEVIEZBBITIHEINT 20 KUV RE I LB LTI OMEMTS LEBRIISEE L, FRUSOESEO
ETRZL, EHISLOBETH 10%, EHHE (dr=24, tr=4.5mm) OHPATY 15% DETFTHDH, =0
FURDOKRME(C X DBKBEBOFET D EMH D, L 0T, —BCHEDOIDThbh 2 ER AL
woskm (Bl KRWT, KE=0, (¢=0) D&M, FEETE, LOTFLLBEH TR, BRI I A
A STBMSTRR TIRE S LR K R h 3 & B8 8
BHISHET T 5, FIKRERN 4 U0 FHEEEK
WTHreH LT, AHETIE, FFROBmEEKRT
BHECSHEFTNOHEESLEETIVE, LbofE
EZELBbLRE,

EE =~ PR XOKEDO—Fi% Fig. 17 &Fi3d, X
EOHRE W EIHZHETOMBRIZETHLFL
b—E TRV, BERRE CHREBEENCRE LT
VDo KESMLFRD Fig.8 LBy w —% LT
# D EUIRE = — P2 AW FEM HBKESHIE
HeE—FEIBFE—FK Lo ERESE— Y2 v o
FEM CTKROEB=FA¥— Ty &, HOEH= 5L
¥F— Ty EEFHBL, Thbic X b, fhkEED
HERR ec YEHL, EWED e LHETZE,
HIUEGTHEMEL D 5% D&, EBEE g8
B2 BETHY, HFEHEIERLTSEHEEXR

—--- elastic mode
pressure mode

(IO0mm from plate)

Fig.17 Pressure distribution on panel(model test)

5o
Tw=%pwh2wzsin2wt XCy ; Cy=0.222 .1
1
TM:%ththz sin? ot f 72(C)d¢ =0. 297 0yt g hes? sin wt (8.2)
0
€= Tw/Ty=5.08 ; ep=(fa/fiw)’—1=4.81 (8.3)
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24ﬁ . - '@'L'“®"+““@_“+@‘]
S ! i I UPP, JECT I
L % RN BT
10 DS D 07 b8}
51/
i ¢
1.2t 5140¢cpm{measured )
\ __ T 3cpmicalcuiqted )
0.6} | st - 3 N
576(m) 580(m)
2nd =3 -:’ \\\\f -_:2;/5
| -

Fig. 19 Measured and calculated frequencies
and modes (at face)

FACE PLATE
T W.STIFF
_ SUSTIFE
Ve
Fig. 20 Measured and calculated cl3 LONGE
lateral modes s 1 T
J /
I n n T
9 EMBEOKE L [ L J
PEDHERICID 20 FrvEBF 4, —¥A & v Fig. 21 Example of web stiff., with notch at
— cargo tank PyHEESIC o\ C, ERIE L S the root and longl. member

EDHEEITS,

%Mﬁ,ﬁﬁ@ﬁ&avm%m&ﬂﬁ®%~Fkivﬁﬁﬁ&F&J&JOK%?O%ﬁ%ﬁ#mus@ez
~7ﬁﬁb,:nBOkﬁﬂ@éﬁmoﬁﬁ%~rm,Fm2om%?;5h$@nﬁﬁfééoitﬁmm%
M%lwﬂﬁ%~F&FMJQK%h%hWﬁ%lU%ﬁT%LfbboChB@%fu,Rtmwemobf
u,ﬁﬁﬁ,%—F&%:<-ﬁLrb6:&ﬁﬂb,x%ﬁ&ﬁ:hbﬁﬁﬁﬁﬁmﬁﬁfﬁbckxiw
%ﬁom*ﬁﬁﬁmMMeﬁmwmy&#ﬁ?%ﬁﬁﬁifﬁT?%C&ﬂﬂotoK%,ﬁﬁm%bfdup
ghhru.LBm’agﬁ&ﬁbmbkﬁiimumt&Ef%ﬁbrcwﬁﬁéﬁmﬁﬁ&Lrﬁﬁ?a&ﬁ
M@%&N*»@%@%Mﬁsn%tbﬁﬁﬁﬁﬁu@TTéoﬁ?%m%n%noﬁﬁﬂ$w®%%@mﬁ%
%%m;01%01<5ﬂ,ﬁ@ﬁﬁ&ﬁotﬂﬁo%%%ﬁfmﬁTﬁu%2%;m&b,%@%@%%ﬁ@
RN

LA ETik, web plate, web stiff. i1 Fig. 21 N 8B OEM B CESEL L, web stiff. #1E notch
@%@0&&%§Lfﬁﬁ%ﬁb1%toL#L.%%%ﬁm%m1ﬁﬁﬂ®ﬁﬁﬁﬁﬂéhb%%%6@?
:h&@ﬁ&ﬁﬁ%ﬁ@%@momfﬁﬁféﬁ§ﬂﬁ6ﬁ,iﬁ”@&%&%ml%wiﬁﬁﬁkwamm.
&@%ﬁ&ﬁﬁﬁﬁ%ﬁbfva%ﬁmm,ﬁ@%m,ﬁ%ﬂ%%ﬁf,@%&Lfﬁbﬁié%@&%zbn
6o§%mmh®%§R¥%EE(M=%mm)fﬁhd,ﬂK?OKM%éKﬁLTEﬁﬁﬁ%1%£CM
=50mm) Ty 25% BEETTL-L L H, COFBLERIRERVLDLE, bHBhb,

10 # £
APRTRIBE G OB Y SEEMBIK CET LRBEDREHRT V¥ v V% 2 KITHR EH ik (source-sink
BRDOFEXFALTTFORDTH X, UL O KPIREIF O € — 13, Ch BT — FOBRAS A THRb AR
PLEEL, HHMOBES LY, fimkEEo 3 KB EZ B Lo A E B %A Rk Lis, APRTH
DHARRDO 5 bOER L ORBENTBLLUTOL 8D ThH %o

(1) ZBROMMAEESBC LD, HIAEEOHEEHE, AESFirs ERKAETZORBE CH LR
%o
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(2) AHBOHETHEFEOBRLREFELTLAMKERI —EDOAN 7 —FL LTRERLYT, —#icf
IABEREOFIOHCERIND, ZOTFIORAE L, BFBRFEHLATVL2EEINGE T~ VEnth
BMOBEONIMKERTH S, —HESABREREINGE T~ FOREAN LTOREBATH O T 2 HR%
L, EEHECRETEEILT L —ETHRL, BECIOTEE 5. FRARYER UCREHEYT)
L, deep girder #ENE— FMNZELIELL, REEIELALELERVBAELDY, Ziud, EEREBHED
BERIONMAEEOHBENELTHLEDTH D, LENDTHEED 7 7 v 7 BEC ORI HiRE) £ - T,
ERIEHOBNOE bE L TZOIEFHRTER LIV,

(3) Zehe— FEAWCHINKEEY RS, KPRBEOHERXTTS &, EBHECRETEEISRLTY
e, BB I oTR@EABEE— FELLR L COFENPLT LIFE L RVBELET L LHEREIN S,

(4) HmABECRETEHOEEY, RGO T— V2 BLIRDTLREISLODM, KAHRMER
DEFEYEETSHLOND B BEOHBIEMBETIREBE Y 10% ETILIEETH ) CORELEH T
X7\,

¥, BRI T v 7 L OMGEAERLT, UTOHBKETIMENSBRLELEL bR D,
(1) HBOLED LV HRHIRC X 2RBICIOHE, 77 v 7 L ORIEF,
(2) B3ERTHCIMNIBEOERVEL, ThoOMMKERCRIETEE ROLURERIOCEHRES,

AP L, AMKFCANERR, RABEE ZFRHTEE) REFRN, AREXKS L ORRE
FERPT, kTHE—, FBEEXWEYXDHRTECC, AIMKERERAORMCZ, RAH, BEMELO JE
MAEE, ¥OEAERZ, RARWHARN, FETRRF EEL, #RCHL, CCEELTHEYET D,
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