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Wave Induced Bending Deflections of Main Hulls

by Hajimu Mano, Membey Hiroshi Kawabe, Member

Osamu Suzuki‘

Summary

In this paper, authors estimate long-term distributions of wave induced bending deflections
of three ships including a dry cargo ship, a bulk-carrier and a destroyer. The extreme
values in the long-term distributions of midship deflections, the probability of exceeding the
value is equal to 1078, range from L/1000 to L/500. The values are larger than those in
still water which are expected to be smaller than L/1000 in usual case from a result of
measurment on 28 ships, which have length from 120m to 160m and belong to the same
group as the above three vessels in their size. It is also remarkable that the values scatter
widely. )

Authors study on the character of the extreme and clarify that design wave bending stress,
ship length, ratio of ship length to depth, fineness of hull form, and structure type have
effects on the deflection. So it is impossible to keep the deflection in a range by keepmg only
design stress in a given value.

From the study authors develope a method of estimating the extreme midship deflection
with very small erorr provided the extreme value of wave induced bending moments is known.
And in appendix authors show an improved method of calculating bending deflection at midship

- from values of bending moment at three positions which divide ship length into four equal
parts.

WERABORELDELEDT, B THE TS,
2 BEFOHITRIOHTE

RARR OB ITHE S
fnas SRl EEO A VAT, EEMITL T3

1 #&

EDOREREFIT TR \WT, FOBRANERINAZ
LI Lchio €, MADRERRIZE 2100 2.1
DERED L S I ER LoD, EfFORAETE

il

D &5 (IR T B R BB RHIZ Ly,

EF LII3EDEMTOWT, TOWRBROIDE
N, ®IVE0RAE BE) o T Kk
CEDRED, MOED LS RBERCEEINRD LOMN
COWTRELL, ThooEFBREYIGAL, o
AZOMEEY, HRETE -2 v FOBEIDETET B
PR BEEZE DT, g T %,

¥, MEFRBIOVHBEO4ESOMTFE—2 1
DEMN B, MR RO T % ko B H RO WL

BeREIRTWE0Y, CheMtkoBICEIG LT
%%%ﬁﬁf%é%@k%ﬁmﬁb,#ﬂkﬁﬁ@m
* B KR

Rl W =R

BRCOWTEZ b, MEPROMEBECS T AHEO E
THRAZEM 213, ARXTELDhDLDET 5,
z2=h cos w,t (1)
ZCW, kb EOREE, o, 27/T,
Te : P 5 A VAR

TOWIT X o> TIREERCE T = —2 v b Mg,
KA TEHLIND,
M=m(x) cos {wet + oy (x)}
=m(x) cos Wt —ms(x) cos Wyt (2)

hallall ol ﬁ%@ﬁéﬁﬁ@&ﬁ%ﬁ?mﬁ
m(x)={m2(x)+m:2(x)} "2

am(x)=tan™! {ms(x)/m.(x)}

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

316 HASMFEESE

Fig.1 Definition of «,£ and ¥

BRI B E - 2 v r OSSN ER DhBE, &
NI X DI OBRIREERC L - TRD LI B, Mtk
#EEE, Figl WRTRE CEEShIHBRE LR
+. ARCRT L S, BE & GHERCREAR &
D, MEFAXTEL L, By XREEHYIELT %,
BMEND EX R iR X 4§ ofhw, @i =

-2V PRk oT A0 (ROFRRIEL T5) OAERE

ELET5E, TOERRIDZLOEI VREMOE
EDA (x=2) OEL dy L, KD X 5iieb,
dy=(z—§)d0

BFE—A Y PRAFYIRELL, %H%&@%+#'

B o LTHE;

& ME
=" %

_@5@}%&3”1, J:”WJ dy @%W’icéﬁﬂb,

M | N
j‘( DT E (@

do=

b,
AI(E)
{ I f L=&)esd
M©
.f S (O} } 4
K(2) LR (4) B,
y:y(_x)qos {wet +ay(2)}

=yc(x)cos Wt —ys(x)sinwet ’ (5)

TG,

,’nc(g) AP
‘yc<x> 3 a- 5) e

e g

ey ms(®
v =% [ a-oS

,—ﬁ«mffﬁgwé

y(x)={y (x)+ys(x)}?
ay(x)=tan" {ys(x)/yc (%)} -

#® (5) X BB, MEEREELCE EOHD
B2 ThHo T, BIEEL TRt LTchi o T HEW
BT, Do BRIRE AR WE i3, ELVE
Brbhxitve LaL, hfFc@EifiFe-2v Bk
CHIFEANRKE b HR AVPMORE LITE WEIC

%%@%&m,%E%&%xﬁ%%ﬁth%&ﬁgb o

335 T, BEERPI VIRAhCKERETHD,
COBEIBREL LENRAOEIER TE D,
- AR, ko BERRGE CHS VAo O
HJ7, B5TEROFEOEBIIIC X BREIREIC X »
THUHERITE X TV,
2.2 THEBAUK CBRE hOMFEHR
BB X 51, MITBEAIFERBTE—2 v P ERT
WEOWFFCKTAEETH Y, RNHEMEHO TS
i, BERTE-2 v ELELRAFRRRD LR,
2.21 HE¥MHHm
MAREEICER T AEHEY, TOoRBIRAAAE
L3 5REEE Th HHS, EE 20 HEE T CLEER
BEL® D, COFBEOEHREBOTHIREHZ, —

| EETHE, METHITT AL EOMAREFEOREDON T,

EEAN A LS, BAOERAMIRHNETH TH 5
P, BRI RO BARORIE & BORBIIRPERC DS

ST Epb; BHEREHEBRICL T, BANS by
LIBEBIRA TR DRBE, HADARI PADRDD

s,
S, XD B=[f (0, XDP[A(0, 6 -X) ]
z T, [S, 0T

(6)
HIFEAD AT D= R F
O -EE
0 : & BT A L D&
s
A FBE ORAT T & Ot L
e _y
WS R 0 DA R S
Wi (0—X) THATT 5 L XD
B R
0,X : Fig.2 &%
AR DAL O S 0 BT A DRI THIE 0, 4
8 R BRATEx DRABERACGELUTE D,
Xu oo i
| R%=J;>j;[SQqX)ded{ (7>
DI, X X BREOASTHHEAO ETRAE
Flo, BAOC -7 EY ONTE, BEREENHREEK
p(Y) DA CH % bR b Rayleigh 7 GEULTE
b

0—X

[A, 0-1)]
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Table 1 Main particulars of supposed ships ‘

Ship name B Cc D
Kfnd of service Bulk carrier | Dry cargo D,¢§troyer
L (m) 154.50 156. 00 128.00
- B o (m) 22. 80 24.50 13.40
D (m) . 13.50 14.55 8.65
d  (m) 1 961 10.50 4.40
S Gy 1. o801 0-667 0.510
Di$p1acement (t) - 27,707 27,368 4, 409
Longi. gyradius 0.23L 0.23L 0.25L
zg 0.0154 L for. | 0.0124 L aft. | 0.0126 L aft.
Iy (X107 cm?) 5.657 6.565 1.234
7z 0. 595 0.612 0. 547
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Fig. 11 Effects of neglecting variation of phase

lag of wave bending moment along ship
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Table 2 Accuracy of approximate values of
midship deflections estimated from
the extreme wave bending moment
curves in Fig. 12.

Ship name | B C D
My/ogL®B | 1.144X107%| 0.918X1073| 1. 427 X 10™%
Y (cm) 17.8 13.5 23.9
Ymap. (cm) 19.7 14.2 . 25.6
Ymap- /Y - 1.11 1.05 1.07
' ' Ywap-: approximate value by Eq.
Remark " (A6) Eq. (14).
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Table 3 Correction factor of midship bending
deflections for block coef. (K, for
ship C=1.00)

Ship name B C D
Co " 0.801 0.667 0.510
T 0. 620 0. 474 0.437

0.5 0.6 0.8
7 0.654 0.732 0.916
B 0.127 0.133 0.155
K; 1.08 . 1.00 1.08
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(15)
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Table 4 Correction factor of midship bending
deflections for design wave bending
stress (X, for ship C=1.00)

Ship name 1 B C D
Z (X10°%m?) | 7.045 7.363 2. 608
0w (kg/mm?) 14.0 11.9 15.8
K, 1.18 1.00 1.33
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Table 5 Correction factors of midship defle-
ction of ship C, in comparison her defl-
ection with those of ship B and D

Ship name B C D
Yy (cm) 17.8 13.5 23.9
Y)Y mo* 1.32 1.00 1.77

K; 1.08 1.00 1.08
K, 1.18 1.00 1.33
K, 1.03 1.00 1.12
Kip 1.06 1.00 1.38
Ky 0.99 1.00 0.82
K:K,K.K;,pKy, 1.38 1.00 1.81

* Vo : Basic value of deflec-
tion at midship. Y of
ship C is Yo in this
table

Correction factors are to be
multipled when Yy of a ship
is compared with that of an-
other ship
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Fio, BA%Y Y/l @ownCHET5 L 23,
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3.7 HhéE=®
Table 5 "HBIRE CHIDBEADEDE U EKRY B
HICHD ZENTES, T7bd, BIIICH L v
DRECEERFRIBHIGNOET, Thitk - Tl
C20%, XTLEMEABIEL CWBDdE LD ik X\ i
DILTNENHKI 8%, 6% BN L, WA 30% 5
SIS B DMNIERSIMER O 1B IS
WD) 30%, LML L/D Ak E e b
) 40% BAPEMT ORI, MIchEE, #
BOECE o CTHEAIHEINT 52, chE LaivEwi:
DOFHRDOBA ERIFHBEL, R CCHA~% 80%
BUWBAPELD LD, ZhbLDFTE, BRI
ERECLHRERBRIIBEAE LID whb e vi
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BRI WT, BAOHERAYWREEL DL
WTEIRD, BAY—EHEANC RO L #E L D
&y BARIE OBERTHEIN b, BIcBHIED
T —EECE O CERTETH 5, 7ok, LERo¥
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Table 6 Accuracy of approximate values of
extreme value of wave induced
bending deflections at midship

Ship name B C D
Yn (cm) 17.8 13.5 23.9
Yw by Eq. (31) (cm) 18.3 13.2 28.8
Ratio to Yy 1.03 0.98 1.00
Ym by Eq. (33) (cm) 18.6 13.0 24.0
Ratio to Yy 1.04 0.96 1.00
Yw by Eq. (36) (cm) 17.8 13.9 23.4
Ratio to Yy 1.00 1.03 0.98
&
1.0 4

R 120
1.0 1.5 Cg
Fig.13 Relation between C, and e
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Fig.14 Relation between C, and #n, S(10,75)
means series ship, L/B=10, Cy=.75
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Fig. A1 Longitudinal distribution of bending
rigidity I(x)
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Table A1 Amplitude of midship bending deflections in regular
waves (Frouds’ number=0.2)

Ship B
| Y by Bq. (13) %@_ by Eq. (14)’ . h : Amplitude of waves
JL[A | h Ratio 45 : Amplitude of midship
(X107%) (X1073) bending deflections
0.6 7.16 3 7.24 1.01
0.8 18.26 18.56 1.02
1.0 15.98 i 16. 38 1.03
1.1 22.34 ; 22. 41 1.00
1.2 15. 80 15.78 1.00
Ship C
Yw
Y Y ) Z2 by Eq. (A6) (14)
| 2% by Eq. (13) | <% by Eq. (14 y Eq
v | B PV B U SE by B ADT po | h 0.6 Ratio
(X 10—3) <>< 1078) (X 10*8)
0.6 4.52 | 4.37 0.97 4.51 1.00
0.8 12.28 11. 86 0.97 12.22 1.00
1.0 13.15 | 12.55 0.95 12.84 0.98
1.1 18. 30 17.57 0.96 18.04 0.99
1.2 14.36 ! 13.83 0.96 14.24 0.99
Ship D
. : Yw
Y Ya ' 22 by Eq. (A6) (14)
| 2% by Eq. (13) | 2% by Eq. (14 v Eq
N S BRSO I AN 0.8 Ratio
(X1073) _ (X107%) (X107
0.6 6.52 5.62 0.86 6.44 0.99
0.8 18.02 15.59 0.87 17.82 0.99
1.0 | . 29. 49 © 25.59 0.87 29.13 0.99
1.1} 31.39 L 2716 0.87 30. 87 0.98
1.2 29.55 25.55 0.86 29.13 0.99 -

NI | -El ectronic Library Service



