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On the Estimation of Ship’s Approach Speed Limit to the Pier to Prevent Breaking
of Mooring Rope
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8o Aol AFAE o] g3l Rl Pokshs A9, FES Ak S Aol duku AnE obT & Ak old T ATAL
shat AbaE BAS) AeAAE AR s gAe) Aute] @AX He S dolof Wk B AT BHE AR HuE WA A%
Aure] @AR Aok &2 FAol qduk ¥ Al WAL Avbe] Helg Wt A QAN AFA ANS olg3hel W A AAX A
T &g TP Yotk ¥ AT AAAYT AT @Y Fol $ B wpFoE AAX Mok o] F4 st 4R
£ Alokalgleh, 135K LNG A3t IWRC, 6x369) 440 AFALS ooz 9714 4ot S22 4% 43, 748 4o S8oz st
A ARl shere] B4 e A0R BAH] AL ol FRAIL Itk B ATNA AR e AA AN AR e
WA @ £ 9 Aoz lddt

Abstract - When a ship is berthing on the pier using a mooring rope, excessive ship speeds may cause accidents where mooring rope
is cut off In order to prevent the mooring rope from breaking, there is need to know the approach speed limit of the ship. The purpose
of this study is to estimate the berthing speed limit of a ship to prevent mooring fracture. Focus will be made to when the speed of the
ship 1s unknovwn. In this study, we propose a method and procedure for estimating the berthing—speed limit based on the theory of ship
resistance and the elasticity of the mooring rope. This method was found to be efilective as it was observed that the mooring rope cannot
be broken when it is estimated that the berthing-speed of a 135K LNG vessel, IWRC, and 6 x 36 steel wire mooring rope. The method
proposed In this study will significantly contribute to preventing actual accidents related to mooring lines.

Key words - Vessel, Berthing, Mooring Rope, Breaking, Ship's Speed

1. = WA H S dolor T
®odTe) B AR dehg BAsy] 93 Ak
v Aok o] 99 A9 ATE WEA(Fendens 2o AR HAEH L 243 A% /WL AdSD 1 f5A
FUA AR Aol UF HE71Ee APshe Hetdlux 4 & BFEEE AlE SOl & Ay Sas, due) £H2
& 98 Adutel AL ot A7E ek (Kong, 2004). oz W B, AlRel AL AT AL BANS 18
# dute] WeriAe R kel ohha Ay of  orel AN AhE=E Adtela, AW JtEmg clgel
ob ol MM A £ BAG AT MR A4 ) DAA AL HHE AT se) Aot
Fol BN FaRh MY dAeke e wygor, g WA AWAMT AY wT Feite) TR A we
T Aol Feh £20¢ AF4HMooring Rope)e] stk oy HHAAZE A A(Winch) 55 ol &ste] Asiate] ¥
BAoIA ATsker) de wAsa vk e Breka, A% EE gt
NHQF m AN WY FOE AT vao] ways

ufo] 715 2HMooring Rope)& ol g-3ke] Rio] Heobsh LA
uhe] ThEdh YorHe AfAke] vek(Breaking) AT
of7]8k = Qir}. o]#] 3 AFArY WS wixals] e 2 T AbLE AT W A, 24 g G AHE

H
rl
2 o ¥

o rir
o
o
¢

t Corresponding author : 213 ¢, jbyim@kmou.ackr 051)410-4246
w 3] 9 kdj4907@kmou.ac.kr 051)410-4474
wk 239 leeck@kmou.ackr 051)410-4270

- 388 -



e
s

)

=il
it
=3

o
12
>,

)

1o,
oM, o

L2 1 = Jo g
2
lo

I

!
htt
4=
9
i)
rr

oy ox rob
o
2o Z o orlr
1o,

g 1o

g M

o
o
i
oo
O G R e
&
rot

[ T
2

=

gt
=
)
ol
rlo
N
g2 O 0

2
Ly
o
D)
o2
o
BN
A
ki
v}
=
S
>
>
<
av
oF
)
o~
=

T
=
ol
-
N
O
-
2

4
o
N
ojf oz
2 ojf
oft
=2
Lo
ooyt N o
2

2

>
ke

[
oL

(A O S
o o o
2 K
T
o |4 T
E‘_l
=
o
. ot o
o
=1
ch ot o
DA e VR (o

o

rE o
o
RS
o

i)

)
i)

&= IWRC (Independent

Wire Rope Core) 63“—1-4 6x36(2=E M= (Strand) 7} 6°]L
28] 71 367)) REE G AR i F84 %
7F %S sttt AHAT, Aoke o 43 kA X
AAEES AU AR gas ofrlshA v Ao
LERA ARNSE W 0] 84S ERlet AT
2 =T AL O 2ok A2deAE B AT A
Adzkel Aol A8skr] e ot AlvE e s A Eitt
A3 M= FF H Al A He £8 FAHS 9 o] &
215 AAEt e, 53], Adute] £8& REE AS B4
< o] &slo] HAEHAE FG3te o] B AAE ANE ‘ii
ot 283 A48 e AEARE YER L, AbdAE A
AA ol dhafx] HESIATE 183 Aedel] 485 23
2 017 B2
2.1 AFER
Fig. 1> A7dx5 Jelga, 2 aAE Aye o
I
o Step 1: Aulo] AF2HMooring Rope)S HF-Fo 7 A
oA F7)HE BA s M3l B o R HetsteE A5, A
Aol 5 AUAT}E ATt = FEF gisk Aue
2E FF3 olE A ARl Al g Jpy
HE =&3th
o Step 20 AAS] A3 AFAte s ALtstr] g 7
& o] &S A dr
o Step 3t FF A Al AR Ht £HE& FAs7] 9%
olE Wy 4 AXE gk
o Step 40 FoIz A AL} AFA ALl A AFA
g BAE 9 kel SAA Ht £H8& FA gL
o Step 5 FAT FAX FeEHHE S A5t AE WY

AX AL £ 4 B A7
o B ks AT BN AEste] ¥ Ao
A A el Ag s molwh

« Step 6 o1F] AnE FSA FF ATUEL AN

Ship Modeling and Mooring
Rope settings

| Ship’s initial speed(v;,o) setting |‘—

Hull Resistance(F,) and Elastic
Force(F,) Calculation

Ship Acceleration and Travel
Distance Calculation

onfirmation o
Mooring Rope
breakage

YES

NO

Fig. 1 Flow—chart for the study approaching

2.2 Het ALz|2

Fig. 2% ABte] Mol x 3 WA AF2HFirst Line)
NS §4 359 vE®Bit Zda Auke] 448 Fo= A
Fshe A%, AT NAL GRe B4 AdE TR
AU & Ve o] o Muke Fr)ds ARt Hxl
Bt o g HFd Hgrta s gt

Wharf

t=-T Fc[e Mooring Winch

Fig. 2 Ship-berthing scenario divided into three viewpoints

Fig. 2014, 54 A3 t=—T%Y t=T7A 2 Alo]dA]

Uehte #8442 th33 2o E%ﬂ ATE A7IA ¢ & o]
AN S YulElE Ao t=0,1,2,-,7—1,Tola, —T+E
t=0 o] Az AA #, t t=0 )% Azt AA #%
< YERAT

o t=—T. ANFH t=—T+ AHuo] AF LA (Mooring
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=], 714 v @ﬂ}-‘ﬂ AR
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| dElo] Aozt Fat FAo] ke ]
2 Aegt ol W, vy=00°]3L, Fp=MBLg,,°l 5=
o Aogitty. 37| MBLy,, = T AfFake] 2
@315 (Minimum Breaking Load, MBL)S el
, Wk t= TN F, > MBLy,, 2d AF2-e 5
Y1, Fp=MBLy, 2td AT HA7] Frdeln,
Fp < MBLy,, 9 A2 dd Aol

Hergeon Hojg

S
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HUL‘

o]
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sl Fig. 200 thebul
s e AR PAsd o0 Baw
2 4 test

AL vl e AR slst] el e
3 P B A3 o] e 5 21tk (Yun, 2019)

Al

futo

o

=2
=

FTOml=(m+m')a=Ft+Fc (1)
Fkg), 7+
(kg), A8t 7}&(m/s?), AAAZ ] 23 (N, Newton),
AFAre]l A E(N) & 242 et o] oA RIUtAHES
a3k o] fr= AMuto] {3 FollA MEES stk 7FA st

o olE mels] sl

’
A7, m, m', a, F,, F, &< A9 A

B MR o e A8 BANS fEskw thgal
g HDERY o g A vehd 5 gda, 4@
o BAAGY m' e A@eR AT F Ak AQE g

_AtE (2)
@ m-+m’
m' =m(C,—1) 3)
s d

C,= 1+2—CbX 5 4)

A7H G, d, BE 15415, E5m), AEm)S 247}
[RR=anii=g

aeal A(2)e] AA 1?‘2} 2 Q3 3 F2 tg ABE
vebd 4= 9lan, AlRAte] ey Fe o 492 JEkd
T Atk

F,=R+R,+R, (N) 5)

1714, R;, R,, R, & 2(6)o2 Ao¥ np@A, 2(7)
o= Aoy uhghel g A3, Ao FojH ZIATS
zb 7 et (Nam, 2012; Kim, 2014).

Ry =yA[1+0.0043(15—1)]90"% (N) (6)

71N, viE g, Ae vEAS, St ARk
(m?), ve AE%d(m/s)E Yty £33 1= F2
omain 2 =FoAE A8 t=15C0)= 7H3IA o7
4] A& Le Besnerais7} #|¢t3t B o] nlz#jdlto] o3l v}z
A A=0.1392+0.258/(2.68 + L) S o] &3t ZAASAE=
b, L& Adke] ZolE Yebdth(Nam, 2012; Kim, 2014).

R = 2 paCU (Heos0+ Wsin®0) (N) (7

£ 712 %E(1.225kg/m*) S YR, O,
HW,0 & F9ATF, ZES(m/s), 74 9 AHFdw
A(m?), 74 9 F98 FIEH(m?), vhge] JAS 247
TUAAS 0(—08 < C, < 1.0)= ntE9

a

al
AAHth(Nam, 2012; Kim, 2014).

Uy,

Ry = 1 p,CBa" () @®
o714, p, i AMEHE(1,024kg/m*) S YERN AL, C,,B,dv
So RAR HE(m), Fn), A0l S (m/s)E 217}

UehA T (Nam, 2012; Kim, 2014).
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- Step 3: AEto] 1%
Aale W, 7t 3 _
A7 G, [Lt—1]73F Sk Aute] o Fg A E A9
A Sy & vptapE [TT—1]77ke] Ak tol] diske]
Aistel Pk S, p 02 vy tap gt B [T-1,7-2]
ol diskel Heste] aATh Ale AL Hgshed
ST.,T*l’STfLT727ST72,T737'"7ST77L‘T7”71% b et olE
ket sk 4(13)7} 2k,

St"t,l:f:il(vt+att)dt (13)

A TRE AR T-n7kA olER Arle 2t 73
Awlel g3t gomz, PR, T—nlolHe] Huke
ALE Sppyinp 2 38 2 (14 o] Yerd &

STTL[T.T—n] = ST,T—] +ST—],T—z +"'JFST—n,T—n—l

o]

o]

c},
(14)

f
offt - of

0, o

o714, AlFae] shhs A e flaiA = Aduke] g
ol A= Aute] o]Fgt ARt AU Zolof gt F,
STTL[TT—n] = Slim' TL]—E}-/\% STTL[T,T—n] = Slimo] =l UH :rLt:ﬂ—
v 7t B TN FERE @A Hek 48 o) A
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A o] =7]-AAW
2(Moss)FHl 9] 8= (tank) S 2t 135 K(kilogram)s LNG  $ITh Table 29 A9LS A &3 AxAddeE g3 2o}
(Liquified Natural Gas) &% Adlo]c}, X, ope = 271 m
Sim = 234 m (&, A1 TAlA 05 30°8 7HA g 29)
’I‘Iatlble 1 Specification of vessel — webA] Table 20] AYe zr= 200 m Zole] AFAS
ems pecifications = o
LOA(m) 28877 271 m o]’ soju o] HATsts gk o]do] Hof
LBP(m) 274.00 ko]l HE & 4 AL, AFate] ol Aol 271 moll T
Blm) 48.20 she Alute] olE72lE 234 mYE vk
D(m) 26.50
dfull loaded) 1076 4.3 AR TEE URE B AR At &2 Ay
d(ballast) -
G/T(ton) 113998 Table 32> $olA] AWt FAAS o] &3t AFatel vt
DWT (ton) 63478 WAE fe Advte] S AdnE GERATh Table 3% A
Displacement(full loaded)(ton) 97666.0 upe] Zo9he A sl AAEE 0w Hra sk mel
Ballast water(ton) 920.0
Bunker(ton) 1376.1 W= AAARE), AFatel @AE(F), Aol 7145 =(a,),
ﬁa%n eng%ne%gg ggggggg;ggﬁ AR %8 (,), 15N (Sppyps,) 5 ekt 23
ain engine ) x
. Fig. 3] Algkel] mE A3 & o, A A7 vehich
b 483t W T A Hukel A
el QYA AT ADE Table 200 s, T0E P AR AR T AT G €
L 0] 83 23} 7ro] A3 H O Z 5 ol “¥7 TA=
o] A2t Table 1o] urebsl Muto] @A) Algsa gy~ 41] :OL,] }\‘; }(bE ¥ ()3017 f § ’igf; o
we Hure] 2Ax N z@ grEelvh
HAL A ZZ(Steel Wire Rope)o]at, A2t WL A& ooklet =
e 3JFllZ=n]= B
Moz ste] AZE “TWRC, 6x36721d], IWRCE S9 59l 3 AT v =1.025
N 2
A 22 3oj(Independent Wire Rope Core)@4& om|atar, o w754 @ A=0.1401 (A=0.1392+ 228 5+8L L =274)
o rE 6 A ol &
6x362 ~EW=(Strand) §7F 6°] 1, 9| 12”7} 36714 . AU A ) S 14209 m?
ojul g}, 1E]a A7 44 @A 950 , A= 100
owm s}, a8a 47 mm, 3 mm°, T ) . FAUE 1 = 1225kg/m?
o o SRS =
. °]792£9’ ?“?LL L300 ]’:}V’ B0 ’;N/mm =l L EpAs ¢ —oss0=0, e gHow we )
, A2l ZAol&= 200 me| v (OCIMF, 2008). - -
T o AUESE v, =4m/s(FEHEL Am/sE 71A)
. _ 2
Table 2 Specification of rope o A9 AWMEGHA(x): A=1740m
Items Specifications o A Y SURASAA (%) 1 B=TT72m*
Type IWRC, 6 x 36 o HFUE : p = 1,025kg /m
Diameter (mm) 44 o oball e -
Length (m) 200 AT G, =01
Cross section area (mm?) 950 e XE: p=482m
Weight (kg/100m) 792 e E4 1 d=10.76m
MBL (k2V) 1,350 o WA AG(*) 1 G, =06699
E Modulus (kN/mm?) 105
o JPEABAT ¢, =15232(C, = u 1076
m 2 < 0.6699 48.2
= Alo| = | bro| & = A

Afiatel MBL e]/de] stso] Aeld AlFahe sheko] € (0 x =1 5939 97666 ,
o} Afate) s WA 1 HoHHt Aftatel sheko] T 08
AE Aol Aake] S e Qd(O)e] Wojop gk wat, Ha  ° T w=97666ton
seralzol 29w Avte) @741 g 8, = Afare] 0 AH T A = 0=30" 2 714
ol ol X, xcosf e} vlarste] 27} Frofol @k
Stim = X ope X cOSO

o @A AR Soln ol X, = Lo

e =~ 4

T 4 3, Aute] g A oleAY S, v AADE T F
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Table 3 The force corresponding to each point, the moving distance of the ship, the acceleration and the velocity

value
~ —— Time T T—1 7—2 7-3 T—4 7—5 7—6 -7 7-8
R, (N) 0 1915 | 6722 | 13693 | 22056 | 30966 | 39526 | 469.04 | 52390
R, (N) 144942 | 150650 | 156385 | 161975 | 167226 | 17196.1 | 176002 | 17921.1 | 181466
R, (N) 0 16155 | 63714 | 138644 | 233442 | 338238 | 441595 | 5324.73 | 600891
F(R; R, +R,) (kN) 1449 | 1510 | 1577 | 1648 | 1718 | 1785| 1845 | 1893 | 1928
F,(kN) 1350.00 | 133055 | 127406 | 117845 | 104752 | 83458 | 69391 | 48055 | 250.24
Fp . p (kN) 118363 | 116623 | 111668 | 1031.80 | 91612 | 77297 | 60692 | 42332 | 22798
S x 107"
(TT)“”*"] 0 390 1555 3472 6097 9364 | 13187 | 17465 | 22082
m
a, <10 *(m/s%) 780 769 736 680 604 509 400 279 150
0, x10 *(m/s) 0 780 1549 2285 2965 3569 4078 4478 4757
0(°) 3000 | 3006 | 3022 [ 3050 | 3089 | 3139 | 3200 | 3270 | 3349
Fig. 38 A9 vh&3 2 x-F2 Z(second) B9 ol 0m/s7F H™W, Srpyinr ) < Sim s WEF AR
AR YERRaL, y-52 32 Ante] AR HobEE F4 0 go gz gos mag
Aajel mekA AMG HE A oS ebdh o 1Y
29| SHA08 TR F 9/l A7EAl A Arte] 7} s, AF2tol shwto] Sl 2AE F, > MBLy,, 1t
&5 %S doim AHgEte] adLe mAE ot Aol Ael 4ol Table 20 7143 vhsh o] AF
o] HAusls 1350 KNS 335ty vicke] H) A7
] P Aasharst e oshe] Hold Aol X=2706mol7] )
. Autol 2343m o4k olFekE AFAES sgtel B &

0.3 1 /

V(m/s)

ol

0.0 ]

T L — T T T T
T ™ T2 T3 T4 T5 T6 T7 T8
Time(sec)

Fig. 3 Integral speed v, over time

Fig. 34 e shife] wzo] Adute] o]FAe
Sronr—g’t B t=TAFAS &=l Azt H= Al
AFE t=T-8 (Aol d=lo]l Aej= AH)7HA Ate
A Sppnr-g = 22082 m= WERSTE 18] t= T8 9
A AT Std BAE 9 dube] AR HEEY o=

04757m/s 2 FAE AT}

=, o’k A9 oful, Adnte]l Al T—8¢lM &2 v,
0.4757m/s 2 3t F713S AA et AFEE o= 738
st Aol Aol delAl HH, A TelA Adute] &

=
=

ol gt Aol A, Muke] o]F AT g, =22082m Nl AR
2l sherzasl dukol 7 el7} 2343m vl m 8 A
wre) AFAE s ek

T-9744) tEhiA e o
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