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Capsizing of a Ship in Quatering Seas

(Part 1. Model Experiments on Mechanism of Capsizing)

by Makoto Kan, Member
Harukuni Taguchi, Member

Toshihiko Saruta, Member
Mikio Yasuno

Summary

Model tests on capsizing of a container ship running in quartering seas were performed using a
radio-controlled model. The model tests were carried out for the one P-M type irregular wave and
various regular waves in the 80 m square tank of the Ship Research Institute. The parameters of the
experiment were the GM value, the model speed and the encounter angle with the wave for the
irregular wave, and also the model speed, the encounter angle, the wave length and the wave height for
the regular waves. The encounter angle was varied precisely every 10 degrees from 0° (following
wave) to 90° (beam wave) by using the auto-pilot steering system in order to specify the dangerous
range. The Froude number of the model speed was varied every 0.01 to clarify the critical speed for
the capsizing. The wave length and wave height of the regular wave were also varied in a fine intervals
to examine the tendency of the capsizing for the various waves. Among 763 runs in the irregular and
regular waves, 225 capsizings were observed. From these results three characteristic features were
clarified. Firstly, most capsizings occurred in the range of the encounter angle of 20° to 40°, and the
range was spread to 0° to 50° as ship speed increased. Secondly, as ship speed decreased, the capsizing
decreased, and there existed a critical ship speed below which the capsizing never occurred. Thirdly
the direction of the capsizing was always to the leeside.

On the basis of the above results, a hypothesis is presented that such capsizing may be explained
fundamentally as a simple static one which occurs because the capsizing moment of the wave exceeds
statically the restoring moment decreased in the quartering wave in the above dangerous range of the
encounter angle. The reason why the capsizing occurs only in the high speed range and only to the
leeside direction is also explained in connection with the surf-riding motion or asymmetric nonlinear
surging motion with a large amplitude.

The capsizing due to the parametric oscillation, which had been regarded as one of the typical mode
of the dynamical capsizing, was never observed in the present experiment. Instead, a number of the
new mode of the dynamical capsizing accompanied with the phenomenon of the period doubling
bifurcation which was regarded as the foreboding of the chaos were observed.

RBERETRTRIAL, TROREOMIBED & HITH

1.
# WCRETIEE TH L, TOLINEEEELIIBE

o

MOEEOBERIZX I XETH3, MNEBK, ITAAK
DORIR E~OFE, B8, BK, HE, mHh, B &,
ADEH), BEROAESHEC & 2 &Y, ELLE,
HEAEE, EEMORESHEFER L LTE20N 2",
L LROEERROPTRIERELZ20E, FD k>

* fRRaBIRTRT ST

DEFEEEURIDBEHEPEEETHITT 2 L EWERTH
LI EHBREDSIEHEINTHEHDD, BEDOAH=X
AREDVTRESCEBENTVS L2 RN,

gy s mAEMO T YT FRER o R
EEIC LD, HOBELEET CREBIRER T, B
PRET ZORADBERIICRSN, 7 DEETREE
BREELELRS EVIBREERY, LrLZTOERRT

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

82 BAEMFRR

X&E BI6TE

IERMOTEOHIBE,» S 4 — boSfuy MEBEE#RT
=T HESGORE» FEHRETITLLE 22/ »
tzo ZDT-HFHARCEET ABEEOBERIIEL, B
EBEPCEBESRELLTVLELD ZeHo il £

D, YOLSAESRLEREIDM» LW I L TRIEE
T&Rho7z,

SEEHEEI TS 18 T MERCRIER TR, &E
WEEREZRVIIRBREEOBWMECHE L 1 KE
BoORIHGES v 4 o EBATA— oy VEBEE
T2 e TERD, AT 5 EEBEEIMERIC
ErvagrlisaERr 20 ~ 40 BELRETSIL
DT ETe ERBERANEZER I VERIINT
ZRAEEOHEELBEBTAIENTE 2, BEEN
100% HTFEICHEET 2 2 e b4y, RoBHEPOER
HEpn DEEMCIRBETE, BEO A AL EHAT
3 FHY BEsNT,

WIZZDEEBD AN = ALEEEL, EARICIEEICX
BZEET— AV P OBERTCES LERNLVKRELS R
M BERE L L UHRETEIWHRENHL L, D
BVREFIETCHEM TRV ETOTENIER CHELT:
RETOBMNZEREL LTHHEATE TN DE I L %
RUTo EERTCHETHREENREET LI LIKDOVT
b, REVEKLOEETHESTCEL I EERLL, B
WEBOBEE LT, 24 ADHBREKTH 5 AHSH
FEFIEBLOLIFRLOHEOEERENHV 52 L
AEBENOERF— VL LV RETOBRERC L >TRL
A

2. BREMERBRAE

2.1 =RMA

EENCER L BRI, BEBROERIBY 8L
BRBEIIERBE LTAY AT A TR s N YT
D 1/38.57 A TH 3, EEKRE L MERIN% Fig.
112, TEFES % Table 1 @R T, $AEBRECET
EEAHEE Fig. 2 wRT, FURRITELKEEETDH
D, EER KBy FRREMTICEREBREEMNO
SO HEEEYIND L, BERNFETRZThS 241
Twb, GM=198cm D kL &0 C FHIBARAAEE
FEAHEERICELLE L EDEETHN 2.2 TH S,
TEREOBSIBAEREREL TORHLY v A

L

AP % 1 9 % FP

Fig.1 Body plan and shapes of bow and stern

Table 1 Principal particulars

Item Ship Model
Length Lpp(m)| 135.0 350
Breadth B (m) 24.3 0.630
Depth D (m) 11.5 0.298
Draft  dm(m) 837 | 0.217
Block Coefft. Cp 0.570| 0570
Disp. Vol. 7 (m3) 15652 0.273
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Fig. 2 Stability curves
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Fig.4 Total rate of capsizing in irregular wave
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Fig. 5 Effect of speed on capsizing rate
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Fig. 6 Effect of GM on capsizing rate
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Table 2.3 Results in regular wave (1/L=1.0)
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Table 2.4 Results in regular wave (4/L=1.25) Table 2.6 Results in regular wave (A/L=1.75)
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EorZsThEFzscBElshTsY, Fig.8l310
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Fig.7 Example of record (pure loss of intact stability)
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Fig.8 Example of record (broaching-to)
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Fig.9 Example of record (period bifurcation)
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Fig. 10 Total rate of capsizing in regular waves
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Fig. 11 Coordinate system
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M= —pgé‘a//exp(—kz)-cos(kx cos y—ky sin x)

{(z—z5)m—yn}ds (6)
Ms= “pQCq//exp(—kz)-sin(kr cos x— ky sin x)

{(z—zg)m—yn}ds (7)

Wi, EENEREL 2R T30 RFTERSTAERE
T5E

Mc=0 (8)
THY, TLBEORIIODVTEEDEVLIARELS
&

Ms>0 (9)
Thb, >T

e=n/2 (10)
iy (Fig. 1228, (3)X»s

M,=— M, sin k&’ (11)
nESND,

ADREZ, FOBXT BMOMELE L BRI € — X
Y FOBEOBREEL TS, IRERFE LD Fig.
13Th2, GREALSEERILE, BPFEOTOH
HChH? L 23 ERAT bR THNMERSR L T
ZEDE—AV b ERY EORIEICH S L 23H ERIANE
RIS ETZEADE—AL I ERD, FREFNEKIC
B5DEANS 1/4BED L 22 DRREERIOBFATH
3, BERIABLOFELWEOLTRFE 25, DLLIAIE
WHBIC DOV TEZ DI ThrH, —BRBOBELZ
NEKREXSERZIERBVEEZTROVTHS S, Fig
14 iZ Froude-Krylov DRE & 2 EhE— 2 > b DR
18 M, 2HERH y B/ XA—F LT, BERACKL TR
LTH5%,

RIZH/DBHEEOEET— AV PRSI THE, EXR
WD D S, ZDEHE S v F AL D, HEEEIC
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Fig.12 Phase angle of capsizing moment
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to leeside z "] a/L=10
Mr 2 h/x= 1714
E LOF GM=1.98cm
-2/ - Ak M4 M 2/ . 8 | GZmox(stin=0.8lcm
2
/ 1§ 086Zmax(crest)
: /6Zmax(still)
= o6}
to weatherside 2
3
N o4}
wave ¢l g
502t
’_.\. o" .//.——/\ 3 E Mr/W GZmax(still)
'/\/2 '/\IZ\‘ A][, A/Z © 0 — 3L0 — 610 — glo
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Fig. 13 Relation between capsizing moment by wave

and ship position

Y : Effective wave slope coef.= My /W-GM- ko
GM= 198cm

Fig.14 Amplitude of capsizing moment by wave
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Fig.15 Comparison of capsizing moment and restoring
moment
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2
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Stern trawier (Lpp=2.548m)
A=3.822m, C=2.442m/s, V=1.750m/s
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Fig.16 Example of asymmetric surge motion in
following wave'®
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HBHREE L L TERCEIOEBCEEIRELPT L
BAZLSHEHETES, ZhIBEFEICRL TERZRED
B L L 22 WED, F3—ERMMERS 2
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