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Characteristics of the motion and tension
of a ferry moored in a storm

Tetsuya Hirarsu*
Satoshi Honuvo* *

Synopsis

Transportation of pasengers and cargos by ferries are of great inportance to life in
small islands apart from the Japanese main land. Most of the passenger and cargo ferries
escape to the safe area far from the regular route when a typhoon attacks. Ferry-mooring s
ystem for the storm condition should be established to raise up the safety of voyageand to
keep the schedule. The following mooring methods are mainly under consideration for moori
ng a large ferry in a storm ; 1) Buoy mooring (a ship is moored to the buoy with a nylon
hawser) 2) Anchor mooring (a ship is moored directly to the sea bed using one or two
anchor-chains equipped with her.) The large vessel moored at the bow displays the hori-
zontal dynamic motion with large periods caused by winds, currents and
wave drift forces.

The present paper investigates the characteristics of the motion and the mooring tensions
of the anchor-chains and hawser in model tests and numerical simulation. The model test f
or the ferry of 6000 DWT with the scale of 1/50 are carried out in the directional wave basin
of the P.H.R.I. equipped with the serpent—type wave generator and the wind generator res
pe-ctively 28 and 8 m wide. The conditions of wind and wave are 50m/s in the maximum a
nd 10m in the significant height, respectively. The numerical simulation are done employing
the coefficients of wind and current resistances evaluated in the model tests. The optimal length
of the chain and hawser are mainly discussed in the numerical simulation.

The following main conclusions are derived from model tests and numerical simulation :

{1) The trace of the horizontal motion is unsymmetric because of the unsymmetricity of the
ferry with a loading and unloading deck for automobiles.

{2) The maximum tensions of the anchor-chains in the condition of irregular waves and ste-
ady winds raise up to 110~140% of the maximum ones in case that only the steady winds-
acts.

(3) The short period component of the tension of the anchor-chain becomes larger in case of
multi-directional waves that in uni-directional one.

(4) The horizontal motion and tension of the moored ferry can be simulated numerically
with good accuracy when the coefficients of wind and current resistances and the represen-
tative distance of the acting point of mooring force from ship-gravity are experimentally e
valuated. '

(5) The tension of the anchor-chain becomes 1.5~2 times larger in case of the unsteady wind

with the energy spectrum of the Davenport type than in case of the steady wind.

(6) The buoy mooring system can be utilized employing two nylon hawsers each with the
diameter of 137mm. In case of the anchor-mooring, the improvemnt of the anchor should
be considered because the grabbing force of the present anchor is much smaller than the
anchor-chain tensions.

Key Words : Hydrauic model test, Directional random wave, Wind resistance, Mooring buoy,
Mooring tension

* Senior Research Engineer, Hydraulic Engineering Division
°* Member of Wave Laboratory, Hydraulic Engineering Division
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FKEHRE L THEOLELTRESEV, KERTR, &
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o PHEKER, UFAKEGEBEVMOUNEER
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TR I, BERIEOcm DER MY 4 7OEKEES3
5EDLLE-TVWS, FEFRICIE, BIOEBEEAN
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BTE5, £k, HRA%2HIWHETERREZLBI LN
HEETH B, F— v M REREEOEES L UEAY
SRR, BlLo (1984) HEHRLTWSE, BEE—
3id, ¥RV P RBAREBCLIBHROBTERLE
bDTH 5,

Y=y RIEEERE T A ECRAIE A EHT 55
&, BEHEBICR, R—ooMBIESESIESNE, —
HRARANBEOERIES 1R, NAOERKEOERED
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(&H, 1982),
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TR R BESEDOEYE, h3KETH B, BRAH
DIRIE a, BRRTHEZ S50 3,

=4y 2 igf:-,s ®» df 3)

I, fun, LR BHOERESRET 3 AEES
DFRBLULBETH 3, AEMOREEE L THE,
BERAFOREBSIZIEIBEL L3 L5 CAEKR <7
FAEZ R VF ST EFEERAVE Gk 1978),
B R <7 bvid, KRR TR Bretschneider —3£5
BERA L,

S () =025TH s (T 4)
Xexp {—1.03 (T\. )~}

ZEICIR, KRR, H3EHHBA TEIHBsAT,
EEBIcHHE N3, AEROBEAL=0.04s, N=
100& LTW3,

4 -~y b REHEAR TS HRRBAIEE EET 515
B, EHRESOEREELTR, YvIVvdvr—va

YBIXUY TV YA —Ya vEODZEYBEIOND
(Takayama, Hiraishi, 1989, ¥ Y7y v A —va
VETE, BN ->EAEBORABERENThEL -
HEERS>SDELTEILONG, FTNY YA -V
vETH, SEERIBVWT, 2A6lcbk > THRAE
BRTALTVS ET B, RAEBOGFEEILKEVWEEI
i, WFRICAENTBVIREL, B—0FRSHRTE
2ETEBHRESERTESL, LL, HELTEE
HERHRE 2 & T 5 DI LELRSBER O,
SUTNY A= avESTNY A —Y 3 YOFE
ARETEE, vV INVY VA —v 3 VOBAIKR, &b
IN& {73, Takayama, Hiraishi (1989) O®&Ftic
& 32E, FEORSEERE, v IirvyvrA—vavE
SUTTNH VA —vavDPRE, ThEh40B8&LY
9000& 755, AERTHVWILEHEB TR, ¥y
VA —va VETEHRRRAIEERES /R L TW
%o

SN v A — v a viEIL X 3B ARARAE D&
E81, BEESLUREIORE 3D HRICECH
B @Dk OBEELREGHLEELTREINS, TH4b
b, (EHBOBEROKM it 3R (D B
KR THEA SN B,
Qo

¢ @D =2, 2 F (5)

X cos (wot+ L kabsinf, + €,)

r
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i B EIE

s ARSI

- nXm BBORSEOWRE

; EHRGE

i ROTRENBER v 7 4 7EBEBOEHRDR
n o BRSO TR

C o CHEEN, BHERFICERAEEOE S L, REEH
TbhEFEELTERT 0

Em  BETEHEZ SN BMEA

Th b, BEINE, BEFEBRCRLUAREREIET
YEERT %o ELBONAZA B EBMORNBHEEIFRT 5T
ENTE B, RAFEDRERKRRNTHET 5,

e =\/?j’;:_lfz:_'s . 6) dodf (6)

c i, j',-;~f,,$’5<k(;9,,-,~9,,,li%ﬁ%’hﬁﬁﬁﬁ&
RETIRERBLUERIOGHETH 2, S (f, 6) &

@32(4
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BEHEHELT E2HER N7 LT, RATRENE,
S¢ 6)=5SM G fle m

TZic, SN 3, ABEHRA~s F LT, HiRO Bret -

schneider— BB EH W, G (fl 6) FHAZIDx
ANF-HERTHAMEKTH S, G (fI 6) 04
BRELTE, XBE» (1975) HSERL, 4H, HXK
(1975) BHR L RAOXERFEBEEE BV o

G (f| 8) = Gocos® (g;) @8

IR G RERSHBICBTZ G (fl 0) oMy
Ex1ET21DOEMTRATTEN S,

-1
Go = UZ::cos’s (%)qe ] (9)

6 min, 6 max Beh ZhEks O BE = EEH o0&/
ESLURKETH 5, SRREOHAEDELRIET,
HERIEPE NS 2 5 — Smax FHOVTRRD & 5 0B8R
ShTws,

Smax (F/£,)° f<f, 0
Swax (f/f)72 1 f>f, w

SR BRATHEINZ Y- HEHTH 3,

S={

fpzl/( 1057, 35) {1t

BB HRARAE &R T 5 E %I}, (=3 Pa—
FYRTLILEST, HoLUDROEZHEL TH X,
HEHEREF« 27 IcBXAATHL, ZLTDMA
(Direct Memory Access) ARz & >T, 4 22
A DIEEIE S 2 BB ICEE L TEHAREI 4 &5
T3, M=1, =00, FBRODOEHES IR
TR LUI—ARAABABEOERES & —%T 5,
EREADOEREE, BEMERETCFSAZ0T,
BERRKZVWIAE SBRERNSV, XERTIR, G
BLULRBOZRHEEABE I LT, BRORIEHIE
WTUTOESERT 360E L1z,
-1 BREAMT, s - 10s
BEES Hio,s:L5m
—H EARRA B

BHRERM T, . 125

HEHES Hi,:1.5m
— AR A B

CBRERMT. . 0 12
BEES H.,:10m
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#—3

B — 3D EABABE O H HETE O BiEHE IR
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E LT
AEETI, HEMERCTHEIAERETOGNC, £
BEOKREET> . REER T, B-610RT &L

e (1~4)
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BERAWTASBES H. s, EREBY T, 2k,
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ZHEARSRNB: O F FBIE I 4E O E O R iR
SR XBEFNERHVIGTERICE - TR BE
1988),

R—-713, #—10FEKARY F VERT, ERBE
DEEHMR <~ + Vi, H#EE 3 Bretschneider —
HBBE LKL, BEORWERNSTETVS, K—
43, ERBEOBERESBLIVCRARE T DL LDT,
BOR BiHE 2 EEK L TRE L bDOFETS
5, AMIEEELBZ—HKT 24, KSR, SHEE
DHEI0BEENESEY, 0.9m BEOKEERS
LK E, @-813, zxLV¥-—BEOFVE -
7 RBBEE O LR OAREER LD TH 3,
Y- 7 BB B 2 HHEBEKOI ML, Smex = 10
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v a VETER S WS HRARKRMEKE, Rass+
STREVES, ROKEBOMEZENI DX AT bV
DEICEEBABXIFLT (7214 Xo vy 7HR (Jefferys,
1987)), &k shrgobhHEIEFBEBE KL
BWEEbOTVE (FEl, ¥4, 1988), FEREE
THEREDOT L ENTEIRNERBRTATH -1
Hic, FERBRTR, R—4IKRT LI, Smax= 101
BOZABABAUKEEEASETERET- L bDLEE
ZBIEMTE D,

(2R DT

AEERTI, B-5icRT L1, REWMMCEEE
AagsipicaRoZRBERV, FEXRRE,
EMOecm 07 7 A2 4 BHE-FIKEEL DT, X7
YU RBIBE FBBEsNG, B- 9 3XEBOMAIL
TR%*RT. B 7 » YRIGTELHKHOBERED

hTeh, REoOREsHLOOKE X}, && 50cm,

i8100cm TH 3, AWEHBLOKIE, HEFEOT
X ZKERMBIB-OVWTE D, BoKEcHT 2REH

k-4 EREOHESEAH
% ﬁ Tus (S) & —r%_ His (m) 75'51%'43,; Shes
BEE® | 8@ | BHE@BE|EZR#E|BEMRE| £RHE
#H -1 10 9.5 1.0 0.93
H - 2 12 11.9 1.0 1.00
# - 3 12 11.6 1.0 0.90 25 10
1.0 target (f=1fp) j
Smox =23 !
G (8)
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t > TEAT AEGHRSBETEI LS K L, HE

T OBEEEEIR, BEX50m 0y - 7ATEEIATED,

AERBEES N HEBRO S0m BEhictiSE T
ZEREBEBTE 5,

LEHERDOZ <7 b VELTH, REHNLDELT,
Davenport 8 K UBHFORBRA LT L0 TE 3,
ThoDTRAVF-—2ZA=T PR, BR BKELNED
BEDoRBEORF LAV TS (FE, 19
80)o LIFic, Davenport EBHFSRBELAzXVF—
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Um HESE10m s 5 FERE (mn/s)
K,  Un #BVWTER L L REEBHREYK
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KIEL TR -SRI LOUBEEZREL TV 5, Daven-
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£-6 B # 0o E B @
Dy 6 (deg)
Bl DE B 0° 5° 10° 15° 20° 25°
o OB S| 5 15 | 5 15 | 5 15 | 5 15 | 5 15 | 5 15
m| 20 |1.75] 2.07 3.46 3.16
2 40 | 3.15 | 3.37 7.15| 6.57
60 | 6.49 | 7.29 10.29 | 9.79
20 | 1.85(1.93 2.35 | 3.00 | 3.02 3.14 3.04 | 3.20] 2.80
4 40 | 2.95| 3.05 4.67 | 5.32 | 5.84 6.00 5.70 | 6.24| 5.69
60 | 6.14 | 6.62 6.75 | 7.39 | 8.13 8.29 8.22 | 8.54] 8.79
20 | 1.24 | 1.95 2.58| 2.61
6 40 | 3.98 | 4.32 5.01| 4.93
60 | 5.73 | 6.40 7.00( 7.43
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case | ship |™O°F ¢ L wind U | wave | Bo | Tiee a A o’
No. P ing | (mm) [ (m) (m/s) (m) (s) | (deg) | (deg) | (deg)
1 R 3 M1 56 275 30
2 R3 M1 56 275 40
3 R3 M1 56 275 50
4 R3 M1 56 275 50 1 0.9 10 90
5 R3 M1 56 275 50 2 1.0 12 90
6 R 3 M1 56 275 50 ® 0.9 12 90
7 R 3 M1 56 275 D 40
8 R 3 M1 56 275 H 40
17 R3 M1 56 140 40
78 R3 M1 56 140 50
9 R 3 M1 56 275 H 40 (©)] 0.9 12 90
10 R3 M2 56 275 30 0 30
11 R 3 M2 56 275 40 0 30
12 R 3 M2 56 275 50 0 30
13 R 3 M2 56 275 50 2 1.0 12 0 90 30
14 R 3 M2 56 275 50 ® 0.9 12 0 90 30
15 R 3 M2 56 275 H 40 ® 0.9 12 0 90 30
16 R3 B 76 25 30
17 R3 B 76 25 40
18 R3 B 76 25 50
71 R3 B 124 25 30
72 R 3 B 124 25 40
73 R3 B 124 25 50
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19 R3 B 76 25 50 2 1.0 12 90
20 R3 B 76 25 50 ©)] 0.9 12 90
21 R 3 B 76 25 H 40 @ 0.9 12 90
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47 PO M2 56 275 H 40 ©)) 0.9 12 0 90 30
48 PO M2 56 275 50 0 45
49 PO M2 56 275 50 0 90
50 PO M2 56 275 50 15 30
51 PO M2 56 275 50 30 30
52 PO M2 56 275 50 45 30
53 PO M2 56 275 50 90 30
54 PO M2 56 275 50 2 1.0 12 30 90 30
55 PO M2 56 275 50 2 1.0 12 30 120 30
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case No. 5,6
ship *R3
mooring  * M1 136.0 46.3 13.4 170.6 55.1 14.0
chain : ¢56,2756m ' ' ’ ’ ’ ’
U :50m/s
B 1 90°
case No. 13, 14 right
ship *R3 28.3 7.6 160.9 26.9 7.2
mooring M2 171.2
chain : ¢ 56,275m | left
U :50m/s 23.4 6.7 160.5 21.7 6.6
B 1 90° 188.7
case No. 19, 20
ship *R3
mooring ‘B
chain . $76.25m 188.5 447 10.4 172.4 43.6 10.2
U :50m/s
B 1 90°
case No. 35, 36
ship : PO
mooring - B
chain . $76.25m 166.2 56.9 11.7 152.7 56.3 11.7
U :50m/s
B 1 90°
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L& %243, BEAL EOEABIERT 5, EBOHBK
T}, B, BOBMATERTEIELHY, HBHE
FIDBHCIERICKXBRABEALTLE S & 5 ERE
HREINS & RBEENSS V., TabE, WAL, A
DEEMII->ZDbhoTWVWBEESIIE, HETEXZY
nES, ROMEBERTEL, B-o20bh oAV
BT, BB SERICERTH B, 1 L—EE
BAEMEY) 3 L BGIAD 2 EOBEBAMERATAHITTH
B35, ERcH L TRELEEFFHARNEVA, Z0C

LOBAENSHBEL T TV R ELERLL>TY

B, L Lo, EHT2EHMNEC EOERNICE
WTREBEEMCERT IV EOGERESHZDT
SERERBAEZEZI TOL & X, WD II88
HEE L D SEHBEABKEL MBI L2 TAERLTSE
K BDBEWD B,

R-45i3, BEBEOMHBOLEBERT. BAKEN
i3, HXEW DS T AE LTRL ko HXA
B, 90" UTOr — 2T, WTFhogas, BAFR
w3, N DBSsIE~NThESV, BRKEAK
BRSBTS AHKER, BRAICXL T TH 5,
SEIOERTIE, BEAEDY —XiLBWVT, HXA
90" AHVWTERET->TWVWBDT, EFBRELTR, B
SEVRHTOy -2 2R LT Ly, EBER
%, BOEREMOY —RicB3ELLTAVWSILE
NTES,

E1—-4613, PSBOBAC BT A EEOEBERL
LbDTH B, HEABLVABIR—ET, &bicd0
Td 5, [ L =90 DBE, Hiz, MEOEEHEH
SERALTHY, BKMEIE, 250tf THEICKEL, 8=
120° OB, fEXMHIR, 90° TH 545, Mo LT,
HHEADLSEALTEY, BAMER, 130t BETH
B, Liti-T, BEIELTIR, 90° 2HVWTERLL
Hhkw, B-45Ti3, HIAHI LLEBEM88b
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FEEh AR ®

BLWEEA A, ffad, BREoFREdlLeE LT
ol D EHEITS oo, MHEERELT 2L, EHH
Ficl WL TRIIEHD SIERT 288K, BXRAH
BOKRELLBEDBDL B,

B) F—VvELROEE

R-4713, FBF - VEKIIBKEOEI/LEHE
NIcbDTHD, EEBRTI, BE7 ) —bFETEF=—

200 —
(tf)

TRmox

100

PO, MI
®@ U=50m/s
O U=40m/ss

(0] 140 275

e (m)
B —-47 #HF = — vRIRK AEKEHOEL

VOBRKEELT, 2715m KOVWTEIRHED, F2—
VEBEVROEETBLD, Fr—vE%140m &L
fer —RRDVWTKRE Lc, KT, E#%40m/s B
XU0m/s & L1, RBF=—VvEMSELNEE, B
KEHERIAREL 8B, &40, BESOm/s D,
F = — vE215m OFE, BKENZ, 106tf TH 555
Fx—vENI0mM IZK B E, 169tf IHBINT 5, WA
i, F=—VvRELVABIL,

H-4813, 7ARICBVWT, TARET Vv Hh—F = —
YOESEEZIEILEE%ETRT, F=— B3, 76
mm TH 5, k4 —iVEHTEIRAENGZ, F=-—
vE%, 5md»51l4m cEbkx ¥ 5L, 167t » 5,
194tf icH¥EMNd %, $R8bE, 7TARB7 v H-F = —
YIERBLTS, Fx—VvERBEVWABLIVL, ZERTIZ,
HiHF = — VY RELSELE»o120T, HiBF=—VE
BLUFz—VvETHRDLLEF = — VEEBOHEBICLSE
BF =—ViENEEBERTE LD 1o 74HEBVTI,

200
(tf) r
TRmax
150 [— R3
$76mm
e
4.
100 | '
14 25
Sc (m)

B8 7vh—% = vEI LB —EHOLIL
Fx—vE%124mm £ 76mm KELEETVWEODT,
TUvh-F2—vEROHERBICLEF = — VIEHOEAL
K2V TKRET Lo B-49(NE LTI, REES B
LU BDARTEELD KB IRARYEF -V
BABLU -y —RNOEERTFT LI bDTH B,
RBT6mm O, F—4—¢:F -V IERT3ENIZ
BIFFEL W, TOMEE, REES OBE, B#E0m/s
T, 16THEEE, ‘ JSDARTEBENLD OBE, 165tf
BETHE, F=—vEEKRELL, 12dmm &L
B, FBF = — VERAREES, BT76mm OFA L
GREETH 5, x—4 -/, HBF=—-vEHLD
M&Ei3, BESOm/s T, ‘REI BLU ' 20
ARTEEUD ZHAFHIOWVT, 114 BLT124tf
ThHd, LIhoT, F2—vRErEAELL, KkbhER
ERELLTREE, BEHRKLBE—-IBOREAER
T 3EADBEIMLT, -4 —ENENSLCTBE
BTES, F=— VAKIERTZENR, F=— V&
AEEETHEDSIE, LT, TAEHEEF = —
veilLTR, AKPERBOREVEIUmMm 7 5 ADF = —
YEAWRERI MLV,

(4) BKMlE L BHRMOHE

R —50i3, L/3BAMEEAERRAOMBER~:
bDTH B, Mz, BFRIEAENL 1/3BKEORT
Hb, T—IDELDENHLEDDRDELHIE &M
#HRTE3, BBIUNEHOBAR, BRKENG,
/3K b~T, LofELIEic K& 2y, BHRE,
E— I BHRLA L1 H[ERT I EMBb0 B, 71 HH
Fx—viERNb, LoEL Y, #HAF = — v OB
BLIEBERLEERT, *—4—FEHOKI, 1.5
Te#imchxTphsl, BOE#HoE-s73£shize
B ISV, LIchi-T, BRINSRNHBIERT S
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BT = ) —ORFEEN LR ED EEHRT SR

Pal

[ anchor - chain
PO $124mm|$ 76mm
25 m 25m
(1f) howser o a ' IS
| |anchor /'I
150 -chain & ° ) /
.Rmol
100 —
50—
o 1 1 |
30 40 50
U (m/s)

(2) ‘BhAETBERD’

E-49 f:—‘/@l:&é?;—‘/ﬁ«k(ﬁ*—"f—

B anchor - chain
= R3 $124amm|¢ 76 mm
25m 25m
(f) [~ howser A I
150 I— a?::::g:n g *
TRmax
100 [—
50 —
o | |
30 40 50
U (m/s)
(1) 7RHES
. EHDEAL
2.0 o
. &
TR max a
Tri/3 yod
L g
A
A
1.5 3
: "] a ©
mooring system
3 & Single Anchor
ferry 0O Double Anchors
eR OP @) Buoy (hawser)
o {anchor .
-chain)
1.0 1 ! T
30 40 50
V] (m/s)

R-50 ENOHRMEBZAEOLRK

LEBFESETHhE, FA 0k —F—DLIRHT
BOKEWEHRAF - HME LV, 1/B3RRELOL
2, B> TARECENBIEREL, FEBRTR
HUEBRAENR, SRR ERBETREL, KR
OREMELTRAVLCLENTE S, BBICL-T, 5k
HDHHIAE BT B &L, RHOEBBIA,
BENELL TOELLE W,

3.3 EhEYEBHOHSE

() waEY EHOHY

®-51, 52, 53, 5413, ERTEBONAAMEB LU,
BMIBONMETR L bDTH S, BHITR, 1AM
MOHM A ERBHEME TR U, 0 —AfoEhoht
BEAL, RENKEXUSHIBHLTVS, HEx
DR, 14.1s OEEINERBLTVWS I LERT, B
5144, ‘ REE3’ B0y — 2T, BEROmM/sTH
3, Gz, BEE—BLTEYD, NHOREARFT
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et - AR B

1445

CASE-3 R3.MI. U=50m/s

R-51 BifERErOiRNE D BB OHH
(EEEASERVEA)

U wind

2750m

415 0 ""Aﬂ

CASE-4'R3. MI.U=50m/s PD26

H-52 BHgmkoOiRhE D EB OB
(BEEfEREE5E)

bH 5, MEDOBRARNEIDIBIILEL ZER L TH 3,
HLOORERKRRNEID IR, F» > THEROFBKE L,
BRI, 7z YOERAKERYFFShTY
30T, MEOEFBHARICEVTWS & XiiRNED
EHETVBV, MEOERAGBEIEVTWS & X
R, F=—YREESDOSHETS T TRERRERICES
30T, IRNEIDEF T 2EHRMBEL 5, 72750,
A7 FOFEICED, FEALVREZIIBAIC
BEASL BB, COESIT, 72 —DESII
B, BEBLUEHOEL SHEDHFEFVTVBH,IC
&£ - T, BEASB L CRNE 0 EBicxtd 2IEHSRT -
TL 3, £D12®, FBNE D OBEFHLEGITRICE S5
W, K-52i3, BEERFCKETIR, HARLLEES

Dwind

14.1s

1050m

14.1s

CASE-32 PO.B. U=40m/s
E-53 74 a0 RNE D EH O
(BEAERHES R VWES)

FBREERT, RAEVIES &K CHE, B-510
BA&LRBERLUTH S, THbE, RAEDDEHIIRKIC
EBHBLBEAEZIN VL, B-5312, ‘ BDA¥T
BEUADL OT1/AT, EEAOm/s TH 3, ME DK
NEIVIRER, ZROAHNKEV, 71 HDEE, FEE
RMECWO T on3DT, BRERPKREERICET
BT LNV, MARMREOERICHEH LI, 4
BEEsROAEEL , BEBFROERICHESE L&
&, ERRIBROK EE L, AREIOFBEEASK X
Wi, MOBECBELAESKEENNLIDARELE
D, ROUEIVIFES LD KELLS, Lichi-T, 721~
DEAITE, TAAKTS, ROED OHMBRIEANHR
KRB 5RV, B-541k, EHES X UCEHAKER
BricfEl & #7188 TH 545, B-530EREDES
IKHARTREREIRS SNV, Lkdi-T, RAE

Uwind

1050m

CASE-39 PO B U=50Hm/s W-04 PD22
H-64 74 aR0RknE b EHOHE
(BEFRS S5
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BiH7 = ) —OFRPEN LR EOEHIRT SR

24
- im (model) Im ”Jﬁé
T

T
"c; wind Q
16
2 28
(O ] Sm- 14
34 30

7m

E-55 BighiperoRnE ) EEHOHE (6 =30°)

DEHICOWTR, BBLUEHROERII/NEL, &
=X 5%,

WEHEDBAITIE, XA Ok, BEBE LU
74 HEERRIC, RhDVESERT, B-550F, ' &
DAETEERD OWEHEDY — AT, BRIBEMET,
WBIHMEBLUELOMBELERD THBER WD
DTHb, fh->T, GRIOHBRAE D FHKEL,
B E BERDBETH 5, L LAHSHBHOREIIE
FHHO DI I MTEY, WHAE, FEIKX-T,
BHOLD BS54 v BHEELCANED ZBH#ATS
B5EVWA B, @561, BIXAHI O —XT, ME
BLUELONEBR, HEGSEAL THEET, HiE
I3, BEAEFHLBEWI EBbh B,

2 ‘hEYESIUAROZEIL

RNAEB Y BEHEHEST 5/°5 25 -E LT, TITH,
BnE BB L CRAGE Y BIC>VTRET %, RN
Bl Bz, MEHZVWRELHEULMERKRESETOD
BT, ®RAEDIER WEO, BRIEEAO YH#HHA
EOmRIEXE LTRKD SN 3,

E-5713, BEic&L 3RAE APHOELETB <L
bDTH B, HiciRah s Lo, kRhllyEAHR AR
FEIcHFILTELT 5, BREHAROBRVICX 3EERETS
T5&, ‘FREE3 T3, Bighm, WEE, S~ MOME
i<, BN EN3, " BDAETEELD TR,
Wk, 7418, BEAONRcEIE< s, TOMHE
Fid, MBIk ->-TREY, LoFRFARBEE»IE -
gl EBbhSN,

E-5813, |hEYEOELERT, RAUEHER,
BEMSELTORECEMT B LR, BIF—E

— 1
-im wind I'm
Sm
(model)

o]

6_ 2
4]
6m -

‘2

6 0

4

7m —
{ model)

®-56 HghARoORED ESHOHH (6 =90°)

Thdo EAE, ‘DAY TEENLD TA4HTRE,
A0, 0B8LF50m/sicoWVT, £hEh, 105
109, 105m T& %, IRhbBIY BAHIZ, BESKEL L
B2LEENBDT, O ENS, BEMSKELULBL,
WEOBEEEBB NI EBbh b, 12EAE, i
RO BDAETEXND TAHEOE, BES50m/s
It B e, MER, 100X2/260=0.8m/s { SWDR
XTBHT 3, THhiz48m/min T, ARIFW-< b
CEREDBIICNS, CORE—FHM, 729 —icF-
TWABABRIKEDEIBEREEZLZ0IIO2VTSH, &
BRI L TE LEND 5, HiATR, BHEANKORN
EviEd, WBBHOELLD bKEL, Jhid, T
BTR, REIEABERAT 3D, FADF = — v
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FaEth - A &

SHIP
300~ R | P
MOORING
Single An. 4 A
X8 Double An. a (u}
(m) Buoy o o
oA
o7
200 -
P
= -0
/’j—‘-—-
o o
e T T -0
100~ ’Ef::><:t::::::3
0 | | |
30 40 50
U (m/s)
H-57 BE#ick 3ikNEDIEOZE/L
500
(s)
400 |-
Te
300 |-
200 |-
MOORING R3 | PO
M Al
100 |~ M2 a [u}
PO e | O
| ! J
30 40 - 50
U (m/s)

H-58 M & aRAE D B0

FlolRoATVREEIIL, bIKRFOF = — vl &
D, MEEHEIEDE S ETENSTH S, MELH
BT2E, CORBEETS, 'IDARTEEND
DOEBKELZY, WEICLZHENPESHiICELTY
3, Thid, HINERB L CHENFRERE OHENSTER
TREN>TL 3:HTH 5,

o~

Xp(with wave)

Xg (without R3
wave)—

1.0

wave condition
- Hiy3=1.0m, Tiy3=12s
Smax =00, B =90°

05 | |
M M2 B

mooring condition

H-569 RHEDIERHT ZHEOEE

BI—-5913, IRAEDVIBICHT ZHOLELHANL S
DTH 5, HENCHRARM, Mo, BEERSERL
BE&ITXT 3RAM D EOMEEERTTE L1, BEA
DRICIE, BROAEIDIER, 12{5ICE>TW 3, W
B, 7MiEER, LIELUTTHD, KELELIZEY,
W®->T, HOKEBEEZFTRARDIESKELLEEI
BARBV, B-60iF, wRhEVIBIET ZEHEOR
BARLELDT, ¥—~NrvHE—- rRIBIUBHRAE
HsETd, RIAEIBREELLEV, LEoERELE
EDBERDE DS kA EFcHT BB L
UCEBROHEEIINS, EEROIEFHEELIBE

O
1.0 ===
X g (un-steady)
XB(steady) |—
PO, Buoy
B D Davenport
| H: Hino
o] H

wind condition

E-60 #=HEDYIEICXT Z2EGHROLE
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B0 7 = ) — OREERN LR B EFHICRT SRE

ERSRERRE SV, IRNAEBDER, BESLURE
LI X ->TERT 3, REiICk->TiR, ROEIDE
RE( LTV, ROEY FHEZ, BESRECL5E,
zhiclkFlL Th& 83,

4, 72z Y-DEEHEH

41 BEHGEHOHERN

EHRTHE, 3. CRLAERSEREMIAT, 7=
) — D}RN[E Y EEEFOR A B L CKEES & REHE
TRDZFREICHOVTRIA Lo BEOESHERET 3
N5 2y —DRT, HRLHEELLOR, BENBIUCRA
EHo&ETH 3, IRhEIVEHOHETS, KENS
LJUBENOFRBMERYICED 3 EHEET, EAE
NB LUKFEH REHHSET 5L KE KT 2,
WEHFREIC>VWTiR, BEflshis v - oirh
Bl EHH SHEL 26 (FELS, 1985) Ad 508, B
HF— 2 RBES>ENKEL, FLF-s8MDUEVO
T, BEOBWHEHET A LRELVL, HAS
(1982) i3, WEN%E, EREBLFEERN—HT 2
LOIRBELTV S, ARE TS, WMESFREIL, E&&
BRI HEIILHOKRDB &Lk, BEAGRER,
HitBllb K UKRU L SHEES RIS T TIC
BRINTVWEDT, 250> b oEYLEDER
HBBEEBTEE, LIL, 720 -DXI5K, &7
G L, EAEMNHROMIEICIE > TV 5B XS ficxt
LTRItEhEFREV, 2T, ARE T, st
BEA2TORI, HERERCT, BEAX*EERAEL
7 = ) -t U CEATRES BREHRREERERD
1o BB, ThETCOREAFEROIH» SREN
bDELT, Isherwood BLUBAMNKBL 5
RERLTBS,

BE—61 Isherwood RicEBiF 3BENDER

(1) Isherwood ®= (Isherwood, 1967)

Isherwood (1967) 2, FMOERIEEICEET 5BEEF
OXEBH S10TEOr — 2 2L, BEE, MEkIcE
BT 3h0HMEE~T, £LT, BRIEAT2RE
NEBERD 2 ERIEREL TV 5,

Isherwood iCf5 &, BBEIZE-61IC/RT LI,
e E, A& L THAR S KUELE DD OLEE
E-AVFDIDORFIESFIT ON, TRENITOVT,
REHEESERTE 5, .

1) BEAHDOMEH BIERST IS T 5 HE

Q="—JE——— an

_%—pn UJ Ar

Cx * MEHREORENREK

Fy : BESOMEHHRS

0.: EROHE

Uw © MEEEEEICN S 5 85 E
Ar @ KE EIEE R ER

2) BEAOHMEELEKS I3t d 5 HE

Cy = L @19

F, : BEANOMEICH L TEAHEDORS
A, K A AR R TR

3) mEElicH T 2 EEBEHK

Cy= ®

% p. Us AL Lpp
Ik, L, RESUERTH 3,

M, BEHcX3EEE—4 v}

ERT -0 SB/NRKEICEL>TRDSOLBER
G52, SEOMYR 545 —2HAVTROL S ICHK
dhi3,

Cx = Ao + Al ZAL/LPP'*'A: 2A1/B’+A: Lpp/B
+Al S/LPP+A5 C/Lpp+AsM m
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et - A ®

Cy = Bo+B1 ZAL/Lpp+B2 ZAT/B2+B3 LPF/B

FEbORMEAT RMERKRRTRE N3,

+B4 S/LPP+B5 C/LPP+BG As/Au_ (21) Pw =%'pacw Uw2 (Ar COS2 ¢w,+AL sin’ ¢w,)
@3
CN = CO+C| ZAL/LPP2+Cz ZAT/Bz+Ca Lpp
Clic

B+ 4 ,,,+Cs C Lpp (22)

/B+CiSIL / Py MEICfERT 2 R EDO SN
ik 0.  EIOEE
A, KEERTIEREDAE Cw © BHENERE

A, K EMMAIE E IR

As - BT IE SR

S KELAERERORE (=X,
DRI%*8)

C fE#ERomEEL, SHEE TORS

M ERESRRcEENEI TR, FySHEIMG

VA2

Uy itk & 2K E OEXEE
Ar ¢ KE LA IEE R ER
A, ¢ JKE A ERIEREER
B MHEEHE B & DA
E-6213, EME P, OERTIFMERLAKTS
%, BAE P, OfEAAREIR, —BRICEEE—HET,

L OEHOK MEGEIC LT, ¢w DHMEIIERAT %,
B fipiE BEAGHKE, WBEEREOBEKTHY, 58—
Ler - EREER BIUEPMICK L TRRTRD 5h 5,
KR EEN 3 Ac~As, Bi~Bs, Co~Cs D s uh—

FREOMIZ, *-9I5RL1. BOHT, S.E. I, #

BEEERT, Cw=1.2—0.083cos 2 ¢
2 BEHOHBR (BH-RE, 1961, &K-EL, —0.25cos 4 ¢w,—0.177Tcos 6 ¢4 04
1982)
%£—9 Isherwood DEERICHV 3%
(1) Cx DBE
Cx = Ao+A, iL’iLTJr A, 22} + As LB”;‘ + A, Lso + As LC +As M*196S.E.

Y oR A, A, A A, A, As A S.E.

0 2.152 —5.00 0.243 —0.164 - - - 0.086

10 1.714 -3.33 0.145 -0.121 - - - 0.104

20 1.818 —3.97 0.211 -—-0.143 - - 0.033 0.096

30 1.965 —4.81 0.243 —0.154 - - 0.041 0.117

40 2.333 —5.99 0.247 -—-0.190 - - 0.042 0.115

50 1.726 —6.54 0.189 —-0.173 0.348 - 0.048 0.109

60 0913 —4.68 - —0.104 0.482 - 0.052 0.082

70 0.457 —2.88 - —0.068 0.346 - 0.043 0.077

80 0.341 -0.91 - -0.031 - - 0.032 0.090

90 0.355 - - - —0.247 - 0.018 0.094

100 0.601 - - - -0.372 - —0.020 0.096

110 0.651 1.29 - - —0.582 -~ —0.031 0.090

120 0.564 2.54 - - —0.748 - —0.024 0.100

130 —0.142 3.58 - 0.047 -—0.700 - —0.028 0.105

140 -—0.677 3.64 - 0.069 —0.529 - . —0.032 0.123

150 —0.723 3.14 - 0.064 —0.475 - —0.032 0.128

160 —2.148 2.56 - 0.081 - 1.27 —0.027 0.123

170 —2.707 397 -0.175 0.126 - 1.81 - 0.115

180 —2.529 3.76 —0.174 0128 - 1.55 - 0.112
Mean Standard Error 0.103
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BH7 =) - ORFEH LR E EHIKRT 2R

2 C,oHs
Cy = Bo + B, ZL’Z‘, + B Zg,’ +Bs Lg FB 4 Bi— + B S E16SE.
7°% Bo B, B: B; B. Bs Bs S.E.
10 0.096 0.22 - - - - - 0.015
20 0.176 0.71 - - - — - 0.023
30 0.225 1.38 - 0.023 - —-0.29 - 0.030
40 0.329 1.82 - 0.043 - -0.29 - 0.054
50 1.164 1.26 0.121 - —0.242 —0.95 - 0.055
60 1.163 0.96 0.101 - -0.177 —0.88 - 0.049
70 0.916 0.53 0.069 - - —0.65 - 0.047
80 0.844 0.55 0.082 - - —-0.54 - 0.046
90 0.889 - 0.138 - - —0.66 - 0.051
100 0.799 - 0.155 - - —0.55 - 0.050
110 0.797 - 0.151 - - —0.55 - 0.049
120 0.996 - 0.184 - —-0.212 —0.66 0.34 0.047
130 1.014 - 0.191 - —0.280 —0.69 0.44 0.051
140 0.784 - 0.166 - —0.209 -—0.53 0.38 0.060
150 0.536 - 0.176 —-0.029 -—0.163 - 0.27 0.055
160 0.251 - 0.106 —0.022 - - - 0.036
170 0.125 - 0.046 —0.012 - - - 0.022
Mean Standard. Error 0.044
(3) CyoZs
Cu=Co +C, ZT’:—+C, Zg,’ +Co D40 4G £196SE.
7°& Co C C. Cs Cs Cs S.E.
10 0.0596 0.061 - - - —0.074 0.0048
20 0.1106 0.204 - - - —0.074 0.0074
30 0.2258 0.245 - - - —0.380 0.0105
40 0.2017  0.457 - 0.0067 - —0.472 0.0137
50 0.1759 0.573 - 0.0118 - —0.523 0.0149
60 0.1925 0.480 - 0.0115 - —0.546 0.0133
70 0.2133 0.315 - 0.0081 - —0.526 0.0125
80 0.1827 0.254 - 0.0053 - —0.443 0.0123
90 0.2627 - - - - —0.508 0.0141
100 0.2102 - —0.0195 - 0.0335 —0.492 0.0146
110 0.1567 - —0.0258 - 0.0497 —0.457 0.0163
120 0.0801 - —0.0311 - 0.0740 —0.396 0.0179
130 -—0.0189 - —0.0488 0.0101 0.1128 —0.420 0.0166
140 0.0256 - —0.0422 0.0100 0.0889 —0.463 0.0162
150 0.0552 - —0.0381 0.0109 0.0689 —0.476 0.0141
160 0.0881 - -0.0306 0.0091 0.0366 —0.415 0.0105
170 0.0851 - —0.0122 0.0025 - —0.220 0.0057

Mean Standard Error 0.0127
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Rt - AR ®

wind
X
anchor
H-62 #ARoHBRICHBITZEEDER
180°
—: Cu for Tanker --- 4973 ,
—-~: Cw for Freighter ~ -— g=5 /
N ---— bw for Tanker —t00 €
3 . “\\-\----: be for Freighter z ¥w (deg)
g N —50 =
S @
£ £ o ==
% o £ 90 =
o o -
® £ yad
g -s0 3 /
w s /
2 /
£ € /
=z -100 5 /
o 1 | I | L
(o] 30 60 90 120 150 180 Q°
Angle of incident, ¢, (deg) O° 90° 1 80°
H-63 5 vH—-BLUBRIMRICBITS dwr (deq)

$ur & Cu by OBIR (HK-H7,1982) B-60 /¢34 -5 gic&? ¢, O%AL
S

Cw =1.325—0.05cos 2 ¢y —0.35cos 4 @,
—0.175cos 6 9y, @5)
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