Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 26, No. 7, pp. 767-776, December 31, 2020, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2020.26.7.767
L= n = Z = =20 — B A o
=5 UHE 25 wixlo] W& AlFekdAd W= B4 AT

A *F
A5
« B Foista Fal st ws

A Study on Analysis of Mooring Safety Sensitivity According to the
Arrangement of Bitt Against Gust

. EF
Seungyeon Kim

* Professor, Division of Navigation Science, Mokpo National Maritime University, Mokpo, Republic of Korea

8 9 AT ATt fe slgustd wt Bk the gl J14 sl BAea glor, 4 ex Asow BE e o
Fatol FEFrl7h wAyaa ok, ole weh duto] Aok & e e B HAA Aute] AFAAAY HRE o) AET 5 e B
F ol g Ao BeAe] ToEm k. ¥ ATANE It L o AAVIEE HF L AF v J1ES BAsw AFead Bt
T2 a9 AHgste] 1] Alvtel ool uhE A3 ALgA AR NPE BAS SRl Bk A, BF dug A5 A5 2
Adv) Bl ~ERS RS A4S, A Fejo] AR WA v AF st Badhs Aow BAHACG B AT A3}
B ool 9 gvke] 54 e B gl I3 A S Ade] 9@ 7% ARR 849 5 Jon], RRAA A3 mjAe
EE BN AeFR ZReA ke AFIALES Fuay) A A&HQ Weto] D Ao ARHG

HABO : FF, AF, AR, BF, AFAAIGIL, WA B4

Abstract @ Due to the recent climate change caused by global warming, weather changes in a different pattern from the past have occurred, and the
increase in seawater temperature has led to an increase in the size and intensity of typhoons. Accordingly, there is an increasing need for bitts that can
be used to secure mooring safety of the ship when a sudden gust occurs. Based on 12 scenarios of a mooring safety evaluation program, this study
analyzed the criteria for arranging bollard and bitt, and analyzed the sensitivity of mooring safety when using storm bitts. As a result of the evaluation,
it was analyzed that the mooring factor value decreased compared to the general mooring line arrangement when the fore and stern breastline were
added to the bitts for gusts. The results of this study can be used as basic data for proposing storm bitts arrangements for gusts in consideration of the
characteristics of berth ships and ports. From the perspective of ship operators, storm bitts at the pier will be an effective method for securing the ship's

mooring safety in case of a gust of wind.
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Fig. 1. Bollard and Bitt for mooring.
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Table 1. Installation criteria of bollard and bitt
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Fig. 3. Bitt against gust (Port of Gunsan).

- 769 -



Ado] w1 FPWA o] & 5HoR FH &S AA o wet FebE o] 50 %<1 47:= 0.2 A 3HTHOCIME, 2008).
7] wEolth, Ul NS GT 6900050 A4 8.0000] 4 o] ARAATE AR Bk Al AntslE 9
At F5e AEAAoE ARom, Ugdue] F8 o B2 g e 7 AR s wA 7])E
AL Table 29F Aot oiduke] Fa AldS AA = o whel AAEdoh e AT F 1570001, &
TG Hor ool Qi FY EFF AT AYS  $AARE FEF /12 uhg BE AMFI} 1008 T
aeste] AAsiglon, AR $3 Ak AuE 4 7 AT 4L 20mz AASI Y 3, g W
stk BHE AAGEE ol REEAA vtk wgoR  FAE A4 BIH A RFIM F AHEHE FF
Al o FAwHA o] 7 ABE AR Fre] AMSES alElste] AAEon, 11 = Cell Type (1,400 H
Hot 7107 neEE AR B x 1,600 0) .2 F 20m ZHA o= w5
% g A% WA BE ARARY NPE BHS
Table 2. Specifications of target ship A3l A= AgE- 1, Anjiol 11E sl A]stgle
= T O G e " FERIA Q9] AR A 2] A E
LOA (m) 04 st 20m= AR, FEANH L FET VIE &
LBP (m) 704 A7)zl wheh 200 0.2 A skl v
Breadth (m) 323
Depth (m) 1.6 Table 4. Safety working load of mooring rope
fore 7.5 Material S.W.L SF(MBL/SW.L) X MBL
draft (m) - -
aft 83 Wire Highest load 1.82 0.55
Projected Transverse 855 Polyamide aggggiaﬁng d 222 0.45
Windage Other environmental
Areas (m?) Lateral 6,537 Synthetic criteria 200 0.50

33 ARYSE el

T AFAAA FA A Ee]
AR A AL AT

Aol wiA] %82 Table 33 ).

W)
o

B BS99

A=, B A

Table 3. Specifications of mooring condition

Source: Mooring Equipment Guidelines (OCIMF, 2008)
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Table 5. Mooring arrangement

Category Type A Type B
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Fore -
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. Fore - Bl11
Bitt
Aft - B12
3.4 Fey mugy
A wf Aol whE AR e BAS e S5
15kts, 20 kts, 25kts, & F> FFolA] nirpEo s A wpak
o= AR, & AlEH ol B gaFo]l AL xF{
21 Aty 3 202 ARt T 2 g
WEFo R e R 5o TS = F U=F A A
450 &, k3 2212 7] At s gk @
I 7S aEsEke] 0.5 mE A Th
3.5 Al2d0[d Hitaas
AAsee AA 2 AFEAZ A HE AsA v,
48 9 2/ 59 o] gt A A E AlE
dold 7k AlFatdd 2k Hogd, ATl 2
ahe A ] Al ke ast ool o3 A
Qo] o M) ARl g Aol Thed Ml ol
AEA B7bsh= skt EUkR A Fadnh dvA
S &2 AFAERE FHAARE 1zl Aute] AFIAE
EE3A4 PtH(Cho, 2017). FE3L, E A E g o] Aol HFEA)
of Z-gat= vk Bk Alflsal= ol Frel A vt
Wako g Fako]l AEAl Ak dHe] Sway 50 ARl w
2t Aok Hebdute] Ags dolAlng BEA)e] wky
2 A3 Al wE udE B4 242 TAE7 "ol
7] wiEo] k.

3.6 AlLtE|2 473

B A EF ol AU Table 63 Zo] & 1271E W
A Tl wE A AFEA] AlFAAY N E BAS 9

e B A

v
o

3L 2~

) Case 1-1, 1-2, 13 AEFY S AlFuixIol A F4 15ks,
20kts, 25 ktsol] W2 H7FR A B Case 2-1, 22, 23S BE}
AlFal Aol A F4 15kts, 20 kts, 25 ktsol] WS H7FQ

AAIFITE 2 AlvhE] QoA A g 25kise] &
TR 7]l FH5 dmis Bt Ao} F3fol
ol 4] mirh EFo w Hbdute] FYd
7y A Hrre s Al =dat
=

o,
o

=
T
KR
=
F

10 F{E

S|
A
=

5

4 r

o gkl A
Hloms ot o] AL

fex g b

H'I o,

3, AFe] 9 9 wE AlRtEA e 4
S 93l Case 3-1, 32, 33 AF°] +34 A7} FF A4
O 10m, 15m, 20 mol| w2 Jﬂﬂgi EAS AT
wpA BFO 2 Case 4-1, 4-2, 4-32 H]-§ 2ol B~
Eddle A, A 242 44 HH A5 7ok F-5ell 71
AAE AT F7F Be2EeRlS A5, Adn] 1714 vy
AYE Ao Hrkas Alal BAS AT
Table 6. Scenario of simulation

oo Moo g dsaeor

(kts) bitt (m)

1-1 15

1-2 Type A 20 -

1-3 25

2-1 15

2-2 Type B 20 20

2-3 25

3-1 10

3-2 Type B 15 15

3-3 20

4-1 Type B 20

4 Type A & Breast Line 2ea )

(B2, BY) 15
43 Type A & Breast Line 2ea )
(B3, BY)

4. 37t 21t &4

4.1 AEHY AJHIXIA S50 OE Brtra &4
tdadnte]l ABr} o] AlFEiA Al Case 1-1, 1-2, 1-3 Al

2o gt Al Hogy FAE 9 Fig 59 goH, &
Gol SHAES BE AT FHE T Aom 2
A E At T4 Skts T/ AT FEHS 121~182%
07 Zrhehe o BaEgon, ¥4 25kis 27 011*1 4
n ~EEle] 7g 2 aEo] gadon, l R
T 302502 384T oF 643% SO R FUHE A

-77 -



oy
ol

40
—a—1-1

35 12
30 —o—1-3

=25

2

520

©

(=]

- r—.\\‘I--—.—’—/./.\
10 A—A\.“,A_k——a—‘—‘—/\
5
0

L6 L7 L8 L9 L10 L11 L12

Line No.

L1 L2 L3 L4 LS

Fig. 5. Tension of mooring lines in Case 1-1, 1-2, 1-3.

AEF O] AFMAA] Case 1-1, 12, 1-3 Ay 2ol tigh
AT Hozdde B A3 Fig 63 7o, T4 Skis
WA ARFE ﬂ%ﬂ% 128~174% 502 Z7lsl= A
2 AU FEol ST F AldTe] A A
HE Sk EAE AL, FE 25kes 2NN F
o A2 dn] ~'e] oﬂ A}ﬁﬂ AdFel o 94.8

=
AR | - Ea R
(948 %)°] 35l #&3 A =452l

=
o

[e]

]

3E A~
]

AL

an N oo o

Z}

hl hos

100
90
80
70 |
60
50 |
40
30
20

uB1

mB4
B7
B10

Load(ton)

1-2
Case No.

Fig. 6. Load of bollards in Case 1-1, 1-2, 1-3.

1-3

[e)
-

YN E N0 62T
of gict. el )@ HAFLE
3l
S = = eky A

3 $5 7 Z X (Amplitude) =
vte zlE=xpAd o2& Ro/Ro

o
__)H_A“

o] %A%L—’F% Surge, Sway, Roll2] %kol 27}01—L

Ao BE 2719 FEHNA Swayat> 3%

Sehe Qo BAHNH, ot ¥ 2

a-

A

npehs g3 wreko w AAdel whel ARl AlFuiA|A
BT kol B7FE < S vdTh olE f& F7}
By 2EQlo] BRI AoE REAHT)

Table 7. Motion for 6-DOF in Case 1-1, 1-2, 1-3

Ship  Loading Surge Sway Heave Yaw Pitch Roll
Type  Device (m (m m (¢ ) (O
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Table 8. Motion for 6-DOF in Case 2-1, 2-2, 2-3

Ship Loading Surge Sway Heave Yaw Pitch Roll
Type  Deviee (m (m (@m () () ()
Case Motion 025 042 001 00 01 02

2-1 Safety @ @ @ @ o o
Case  Motion 058 122 001 00 01 05
2-2 Safety @ X @ @ o o
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2-3 Safety @ X @ @ o o
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Table 9. Motion for 6-DOF in Case 3-1, 3-2, 3-3

Ship Loading Surge Sway Heave Yaw Pitch Roll
Type Device (@m (m @m ¢ ) €
Case Motion 031 053 001 00 01 03

3-1 Safety O O O O o o
Case  Motion 028 047 001 00 01 03
3-2 Safety O O O O o O
Case 025 042 001 00 01 02
33 Safety O O O O o o

Motion
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Fig. 11. Tension of mooring lines in Case 4-1, 4-2, 4-3.
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Fig. 12. Load of bollards, bitts in Case 4-1, 4-2, 4-3.
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Table 10. Motion for 6-DOF in Case 4-1, 4-2, 4-3

Ship Loading Surge Sway Heave Yaw Pitch Roll
Type  Device (m (m @m (¢ O O
Case  Motion 025 042 001 00 01 02

4-1 Safety O O O O o O

Case  Motion 029 063 001 00 01 04

4-2 Safety o A O O o O

Case  Motion 038 063 001 00 01 04

4-3 Safety O A O O O O

5, 4 &

HT AF2dste] g 7]Fwstel wep A elE e
ol 714 wsrE Bl o, df 2k dsoR
o] @ stet Aesb wAsta ok ole] whet A
"ol et & AR EF o] WAA Aute ﬁ]EOPXW
GHE 8l AT e AT ZeAdo] FuEL
= AAolth & AFddAE dAVEE 57 2 AT HHX]
s A sk AR B ZRaWS AHEE] 12
AN AR Qe e AT AREAl AR RIAE A4S
Fg A, oS 22 A8S =EsT
(1) Erbl Feje] 1270 AlFekQl S ARgste] AlFAl S

57}01] upet AT e aghe] Skehe AR EEHAT

4 25ktsA] AlF2E H o AE2 3025842 64.3 %)
EOIL ARTFE A AQ0H L 048E(E]- =] 94.8 %)
o= FAEAT AT awe 249 e 30
A FE 15kis o]FA] Swaydtol 38 F S ek

Q@ =% 4

70.8% (3] %7&

o

X

2L
it
rigt
oM. 1-['1

- 774 -

Fol A% R Av] wasERlS 1714
% 7}ste] 124 25 F7ke] weh ARasge F7
3 299 F45 25ks AR Aol 4

4 59.4%)=olaL, Al

o] 70.8 %)%= %*45491@. AA=EQ
oy A FE 15kisA] BE A

A Ao e

offt oL r]



=% WHE AF wAe] e AR e

fo
)
flo
Qa
ofo
N
oo FN
o
gﬂ
il
ofl
L
i
P
8
z
o
0%
©,
ol
I
=2

=

3) AT 7 A W2 AFMAAL MAEE A A,
FF BuelA B Qb o R £ ARt S SE
ARG QAR Hashs o= JrkE A 74
A7t s5m F7HA AFA FEa AldF AdE e 5Y
Al Aol 7.6 % 3HAEH o™, 53] Swaywte] A5 27
H ALY 294 8 A 5m F7HA 106~
113% 5302 71A2stE oz BAFY

@) =% oiHlg AFol HHaEQlS A, vl 144
WA s 9ok Frel ZIAAE AldFel F7F B
2EgRIS A, A i wiA S Ao ARt
A RAEE 24 AW, 2% U8 AFE ARSESE
W AlFoAagke Aste Aog HUrEdT =2F Ul
H|-§ Ao B 2EgS AMSA AFA € F

A

(5) o158 F@slel, FFo] HirolA vt wFow g
g Ferdute] AlFHAd FEE Qs F7 Bo2E
g]_ E

At

12
ro

pll
ot
re
-
2
_>I~_4
fr
=}
Moox ol
AN o
=z
o

2 o

jus)
=
N

<
>,
m>~
ot
o
N
o
gﬂ

o] =i 20199 % HE oSt A%l gl
=

A Al AT A9

4

e

References

[1] Cho, I S.(2017), Behavior Analysis and Control of a Moored
Training Ship in an Exclusive Wharf, Journal of the Korean
Society of Marine Environment & Safety, Vol. 23, No. 2, pp.
139-145.

[2] Cho, L. S., K. Y. Kong, and Y. S. Lee(2006), A time domain
analysis of moored ship motions considering tsunami resonant
effects, Proceeding of the Spring Conference on Korean
Institute of Navigation and Port Research, Korean Institute of
Navigation and Port Research, Vol. 30, No. 1, pp. 191-197.

[3] Kim, G. Y.(2016), Estimation of Future Typhoon Wind Speed
around Korean Peninsula Considering Climate Change,
Chungbuk National University, Graduate school, Dissertation.

[4] Kim, S. Y, J. S. Kim, Y. D. Kim, and Y. S. Lee(2016), A
Study to Improve the Operation Criteria by Size of Ship in
Ulsan Tank Terminal, Journal of the Korean Society of
Marine Environment & Safety Research Paper, Vol. 22, No.
6, pp. 639-646.

[5] Kim, S. Y. and Y. S. Lee(2018), A Study on the Proper
Crown Height of GT 100,000Ton Cruise ship and DWT
100,000Ton Container ship, Journal of the Korean Society of
Marine Environment & Safety Research Paper, Vol. 24, No.
2, pp. 157-162.

[6] Kwak, M. S. and Y. H. Moon(2014), A study on estimation
of allowable wave height for loading and unloading of the
ship considering ship motion, Journal of the Korean Society
of Civil Engineers, Vol. 34, No. 2, pp. 873-883.

[7] Lee, L. N.(2016), A Study on the Mooring Safety of Berthing
Vessels Due Mokpo National
Maritime University, Graduate school, Dissertation.

[8] Lee, S. W.,, H T. Lee, D. G. Kim, and I. S. Cho(2019),
Identification of Impact Factors in Ship-to-Ship Mooring

to the Tsunami Impact,

Through Sensitivity Analysis, Journal of Navigation and Port

Research, Vol. 43, No. 5, pp. 310-319.

MOF(2017), Ministry of Oceans and Fisheries, Korea Harbor

Design Standard (KDS 64 10 10 : 2020), pp. 26-31.

[10] OCIMEF(2008), Mooring Equipment Guidelines 3rd Edition,
pp. 111-123.

[11] Rosa-Santos, P., F. Taveira-Pinto and F. Veloso-Gomes(2014),

Experimental evaluation of the tension mooring effect on the

[9

—

response of moored ships, International Journal of Coastal
Engineering, 85(2014), pp.60-71.

- 775 -



7121!

ol
re

[12] Yoon, J. J., K. C. Jun, J. S. Shim, and K. S. Park(2012),
Estimation of Maximum Typhoon Intensity Considering
Climate Change Scenarios and Simulation of Corresponding
Storm Surge, Journal of the Korean Society for Marine
Environmental Engineering, Vol. 15, No. 4, pp. 292-301.

[13] Yu, Y. U, S. Y. Kim, and Y. S. Lee(2019), A Study on the
Evaluation of Safety Stiffness from Ship’s Mooring Bollards,
Journal of Navigation and Port Research, Vol. 43, No. 1, pp.
9-15.

Received : 2020. 11. 13.

Revised : 2020. 12. 08. (Ist)
1 2020. 12. 23. (2nd)

Accepted : 2020. 12. 28.

- 776 -



