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A Study on the Crown Height based on Mooring Safety
Assessment considering Characteristics of Ship’s type

Kim, Seung Yeon

Department of Coast Guard Studies

Graduate School of Korea Maritime and Ocean University

Abstract

In recent years, Korea has selected Twenty-two ports for reinforcement
of breakwaters and installation of protection facilities, due to the rise of
sea level caused by global warming. In addition, dredging for depth of
water for large vessel’s berthing and enlargement of berth is under
construction due to consistent enlargement of ship size, However, there’s
no definite construction plan for the reinforcement of crown height, which
has close relationship with the safe mooring of ships.

Also, in accordance with the characteristics of ship, length of pier, crown
height, bollard, and fender facilities are selected based on the ‘Harbour
Design Criteria in Korea’ , length of pier is affected by ship’s type and
tonnage, bollard is affected by gross tonnage, and lastly, the fender
facilities are affected by deadweight tonnage.

However, the design standards of the crown height which has close
relationship with the angle of mooring line, windage area, and oscillation of
ship motion, only includes depth of water and tidal range factors, and does
not take into account of ship’s type and size.
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Therefore, the domestic and foreign design standards of the crown height
has been researched for the analysis of determinants of crown height, in
order to suggest the standard of crown height which considers ship’s
characteristics. Also, I have classified ship’s group based on the ship’s
characteristics, and carried out simulation of mooring safety assessment as per
the increase of crown height. As a result, mooring factors’ sensitivity as per
ship’s characteristics could be analyzed. Furthermore, the evaluation index of
crown height has been made by dividing into environment and ship factors,
and proposed design standards considering the above.

This research consists of 6 chapters in total, and the composition and
contents of each chapter are as follows.

Chapter 1 introduces background and purpose of research, research method
and composition of thesis. The purpose of this study is to propose the
standard of crown height reflecting characteristics of ship’s type considering
the increase of sea level due to vessel enlargement and global warming.
Especially, I would like to propose a standard of crown height, which has
close effect on the mooring safety of moored vessel, by the viewpoint of the
ship operator who uses the port facilities.

In chapter 2, analyzed the preliminary studies of mooring safety assessment,
improvement of mooring facilities and rising sea level. In addition, the trends
and prospects of shipbuilding, sea level rise, which have a direct impact on
the improvement of crown height design standards have been considered, and
examined the development trends of domestic and foreign port facilities.

Various port facilities should be secured to cope with the increase in the
domestic trade volume of ultra-large container ships and the competition in
transhipment logistics in East Asia. In addition, due to the global rise in sea
level, not only natural systems in coastal areas but also social and economic
systems are expected to become more susceptible to natural disasters.
Therefore, it is necessary consider sea level rise when designing crown height
because if the rising sea level is higher than the crown height of the current
pier, the pier may be flooded causing ship’s mooring impossible.

- xiii -
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In Chapter 3, mooring facilities were classified and domestic standards of
crown height were analyzed based on the 'Harbour Design Criteria’, and the
determinants of crown height were selected by analyzing the crown height
design criteria of the US, Japan, UK, Hong Kong, etc. The design standards of
crown height in Korea and Japan reflect only environmental characteristics,
tide and depth of water. However, the design standards in U.S, U.K, Hong
Kong and Port Designer’s Handbook consider the berthing vessel, embarkation
& loading facilities, elevation of berths, and the height of adjacent areas. In
addition, the UK design standards was considered to be concerned with the
sea level rise.

In Chapter 4, simulation of mooring safety assessment was performed to
analyze the sensitivity of mooring factors according to crown height of each
classified ship. The simulation was performed using OPTIMOOR, a mooring
safety analysis program developed by TTI(Tension Technology International,
Ltd.). The theoretical background are summarized for the simulation of
mooring safety assessment, and mooring method which can reduce the hull
oscillation was analyzed and applied to this assessment in various documents.

In addition, grouping was performed according to ship’s type and
characteristics, and selected representative vessels for each group. Then,
simulation was carried out under the same environmental conditions according
to the change of crown height, and the mooring safety sensitivity of the
representative vessels of each group was compared and analyzed.

In Chapter 5, the evaluation index of crown height was developed by
dividing into environmental factors and ship elements. Environmental
evaluation index are set to four ; tidal level and range, sea level rise,
embarkation & loading equipments, and depth of water. Also, the ship
evaluation index are set to four ; tension of mooring line, load of bollard,
oscillation of ship motion, vertical angle of mooring line. Ship evaluation index
was applied and evaluated on the results of simulation in chapter 4, and the
appropriate crown height of each group representative ship was derived. In
consideration of this, a design standards of crown height including
environment and ship evaluation index was proposed.

- Xiv —
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In this study, the mooring factor sensitivity of moored ships according to
elevation of crown height is analyzed through mooring safety numerical
simulation, and the evaluation index and design standard of crown height are

proposed by domestic and international design standards and research trends.

As the crown height increases, the tension of mooring line, load of bollard,
oscillation of ship motion, and the vertical angle of the mooring line decrease,
the sensitivity of decrement rate on ship evaluation index is quantitatively
shown that there are differences according to ship characteristics. In order to
improve mooring safety of the ship, it is proved that the crown height should

be set to reflect the characteristics of the ship.

Furthermore, 1 have grouped the ship’s type so that they could reflect the
characteristics of various vessels without selecting specific vessels or specific
quays in order to simulate the mooring factor sensitivity according to the
elevation of the crown height. Also, I have designed a virtual wharf with
bollards, fenders, and generalized the mooring type and mooring line layout
based on the domestic and international design standards, so it could be

expanded the application range of this study.
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50 years of Container Ship Growth

1968 Encounter Bay 1,530 teu - . . i
ontainer-carrying capacity
1972 mimmm=m. Hamburg Express 2,950teu has increased by approximately

1980 — Neptune Garnet 4,100 teu 1,200% since 1968

1984 American New York 4,600 teu

1996 Regina Maersk 6,400 teu

|

1997 Susan Maersk 8,000+ teu

2002

Charlotte Maersk 8,890 teu

2003 Anna Maersk 9,000+ teu

2005 Gjertrud Maersk 10,000+ teu

2006

Emma Maersk 11,000+ teu

Marco Polo (CMA CGM)

2012 16,000+ teu

Maersk Mc-Kinney Meller

2013 18270 teu

2014/
2015

CSCL GlobefMSC Oscar
19,000+ teu

7777977

22,000 teu

2018

Fig. 2 50 years of container ship growth
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Nicolas Chini et al.(2010)> 7] ZAE} si+A Feol g 71§ ¥sE
st 1960~2099d 2] At FFS AAtslr] g X R #dE
@43 HES TSR olF ASE] A8 = d=Eol 5 sYS o
dalgom dAste ZF sid 2 s Fxo ot AF siarH s Alud
LE st AlEHelAS FHsIAT. T A A} AHeA B REE
S s FA WzstH, 713 ¥WE Auges S5 & JE dA
sHAl 7M1 ¢ ds B ofdd, E2 Had] ¥y WE FUt IS =
T A ALE EAEUG

Masahiko Isobe(2013)= A|F-&d3lel o3t sfH Ao 53] Al U
© A FEE A AT TS E F Ues ek, AT 2
si7F Sfiqk o5 &4 9 St FERE v A= FF e di Al A=A
FAAE EFcR o, A S 7HeR STH g mE AdTERES
B33t 9% s A= AbstAt

n=g 5 7]EHstel #dste 9 AT /A =99 daeAdd ot
dE5s 2 93 FAe mxr|FHIxZ TS, Climate Change Science

Program, USCCSP)S X3jslal om, sjeks xo3t nE Holoa 7| ZW3}
Pl i TH BAHH o
Atk

olo  wel ul=sjeku)rI#e] F(National Oceanic and  Atmospheric
Administration, NOAA)2014)2 wl= Mo & A3 v E 4 39}

o] tiFZ AGe sl et F&Ad FAE AASAT. BT, w5
A
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7HSynthesis & Assessment)S A <2 0.2 =835}

A dgkiige] dgow Wi x3, =w R Y5, AS AL
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22 e g3} 3 sjed e AR
D A s @9

Aeoly sideFe] HAu EsFS AFHoE FUt8] ka1, FFox F7t
A7F olojd dwolth. 20049 AlA AH oY EFHFS 39 T
E3st o, 20139+ 20049 oF 80% S7HdE 69 4,2005F TEUE 7=
stk w3 2018delE 200499) 2u)7} P oF 89 4,000%+ TEUS] o] = A
o2 A= gltkPorter, 2014).

UEE}:-’] —‘7]'9’]' 6]'7}” 7’“’3] ]Hd ™ ™
g5} gole A7 AR B 5 Qon, B4 tErso

NEA 3 ] s}
TE dopAlEE Jleddd wE AxAl @UF /IstE AUt tiydste o] f=
T don, Adut ti@gsted mE FRkEs @9 F5AYT 288 dEL
e Adas, dAZR] &g A SoE devE daads ue
T AHE=4F 5, 2015

olo] wie} AE|o|HAe Ar|= WA, @AM, AF2AHAS HFES E B
E AFTEY ¢ M2 £52 FUFeta ) Figo 49 1996~2015d 9 A FH
Arr 77 WEE By, 1996 thu] 201599 HH oA A7 E7HES 0%
, B3 55%, AN ZF=2H 28%, 2L 21%, 22X 6%=2 UERE

HhHof, dwisEAMe] HA A= oF 0% AT AR Uyt

(International Transport Forum, 2015).
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Container ships
E 180 /
% 160 Bulkers
g 140
E 120 _/_______,,. Tankers
a | . e — =
-1 100 Ro/Ro-ships
z 80
1
:: 60 General cargo
; 40
% 20

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Year

Fig. 4 Ship size development of various ship types(1996~2015)
Z=* : International Transport Forum

AFE A =27] Wyt 7 2 Aoy e Adxd =73t Fig 59
Zom, Aol =79 HHEH YA =YL dixxEdy o= 19773 3,126 TEU, 1990
4,816 TEU, 19973 8,160 TEU, 2006d 15,550 TEU, 20173 21,100 TEUo|t}. ==
g AElelUAle] Z7] B ofyPt ME AxEH= B HHoUAdY A7|ek A
A Helel|Ailel =7 =3k Ao FE3] F7kstar Aot ol whet 20183 7]
= A AANA AW HeEHUYHAL F= 3l I AR Orient Overseas
Container Line2] OOCL Hong Kongo Z 20173 5€ol] X o] &3 Fo|H,
I Z7]l= AR 399.87m, = 58.8m, Zo] 32.5mel %UlF HHolyAdo=R
21,413 TEUS % 585 253

Ocean Shipping Consultants®} Lloyds Register+= 2020\d =& HZ = X4}
4ol 430m, 3 62me] 24,000 TEU Alubo] thdt B}BA ZAMSE A ot

(International Transport Forum, 2015).
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2017
21,100 TEU
Development of container ship size
TEU I Maximum
20,000 TEU capacity
2006
15,550 TEU
15,000
1997
8,160 TEU

10,000 Average

TEU size

1990 Newbuilds
4,814 TEU
1977
3,126 TEU A

5,000 verage

TEU capacity
2,500

0 T T T T
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Fig. 5 Development of container ship size

=

Z* : International Transport Forum

Aub g stel whet AdRkel Aojet Z o]l Zlo|x Frlstal 9low, Fig.
6<] Mitsui O.SK. Lines®MOL) AA7 23t Aol A =7)d Aub X
3} T mhEEolet M dAdAe] A= Aole WEE K, 8,000 TEU
Hloj 2

2L & 4 9tHThe Maritime Executive, 2015).

g2

T W
= 7
25.0m, 14,000 TEUH-2 29.85m, 20,000 TEUw 32.8m= Z7}3t

il

Comparison between MOL 8,000 TEUs, 14,000 TEUs & 20,000 TEUs Container ships

20,000 TEUs : 32.8m
Depth 14,000 TEUs : 29.9m

I I I 8,000 TEUs : 25.0m

8,000 TEUs : 316m
14,000 TEUs : 368m
20,000 TEUs : 400m

LOA

Fig. 6 Comparison of the dimension on MOL container ship

=

=] : The Maritime Executive
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S ], =]
BAabgre]l MM a2 105 move/hour2 AMA 99 F+& Jehya Ao
Iy RAge] Ao gk A4 Y2 Table 29 o] Aube]l =7)o) ujet
A g e @S BT FAES 8,000 TEU olsh Aute] Aty =gl
A& 39198 move/hour)E AFAISHFAARE, 8,000 TEU o)/d Auke] AAA <9
| A= 1091 Wl &A1 X3tAHJOC Group Inc., 2014)
Table 2 Berth productivity by ship size(2013)
Less than 8,000 TEU 8,000 TEU vessels and larger
Berth Berth
Port Country | Productivity Port Country | Productivity
(move/hour) (move/hour)
Qingdao China 107 Yokohama Japan 191
Jebel Ali UAE 103 Khor al Fakkan | U.A.E 179
Busan R.OK 98 Jebel Ali UAE 157
Tianjin China 94 Tianjin China 150
Shanghai China 93 Ningbo China 147
Ningbo China 93 Balboa Panama 146
Nansha China 91 Qingdao China 142
Nhava Sheva | India 89 Xiamen China 125
Mawan China 88 Yantian China 119
Salalah Oman 88 Dalian China 118

<> : JOC Group Inc.

w3, FAATTY LY e F](United Nations Conference on Trade and
Development, UNCTAD)2] 2016d 7| A AA Jd7HE HAHolY E5F &4
£ HW Table 33 #o] FAF}FE 690 sidstal low, 1097142 AxvE &
691¢1 A 99121 FutolE A F= 67 FN, AVIEE, FFOR
ofAlo} kel ZA|7}E oo x| QT
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Table 3 Container port volumes handled at top 10 container terminals

Port iy 2016 . 2015 . 2016
(20TEU Units) | (20TEU Units) (Rank)
Shanghai China 37,135,000 36,537,000 1
Singapore Singapore 30,930,000 30,962,000 2
Shenzhen China 23,980,000 24,204,000 3
Ningbo China 21,565,000 20,593,000 4
Hong Kong | Hong Kong 19,580,000 20,114,000 5
Busan R.O.K 19,378,000 19,296,000 6
Guangzhou China 18,859,000 17,457,000 7
Qingdao China 18,050,000 17,465,000 8
Dubai UAE 14,772,000 15,592,000 9
Tianjin China 14,523,000 14,109,000 10
<% : UNCTAD
e 22 s dEE Aol HoAur] wEdd AAZS EdEE =
% Zvbol upel Bt B BEFS FAY o sguEch deh 2ug

#A) AelolqAle] A
o=, A AALY 1% TEU o] Aute 26520191, & AEFozZE= 3447
4,875 TEUOl a3t} ol A AA At g nFos Bw Mu 5 7
5.3%, A& 712 18.7% HFst= 1

= 3 2015~2018\ ] AMul Q% AEES westwd 2018 #7kAl 1¥F TEU

al
ol Adute] MlFE Aut ¢ V|E 7.3%, AETE VT 249%E VMY AR

d
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Aol A7l 3 4F BF AES FHSlor sy, 7|E EF T O
FAure] obdd Aubs 98] 2ty AHAEH oA Zo] Frlo| uro] npEiE

Assessment Report, AR5)2] ug| 7| F#Hs} =L /“7}/\ 4F 2] wEAye
¢, & RCP AU & Astal, ol & AMERF T 7|FRdS T3l 4=
stal o} o] Ay & Table 4, Fig. 73 o] F 4526 / 45/ 6.0 / 8.5)

2 £75HM, RCP Augl e sas 24729 22 A9 ovxA¢ 3
e WA= dFEY AEE UEl= BAAIE S ou|gith o] Aue
=2 RCP 269 2.6W/m* , RCP 4.5¢] 45W/m* , RCP 6.0¢] 6.W/m?* , RCP
8.59] 8.5W/m* & Z+ZF 17503 S 7|+ 2.2 3 210099 FHAGAIH o2 A9
st wj-g- @Fe AAY FFo =dste 119 ¢3kAvE 2RCP 2.6), 270 <F
43t AUl 2RCP 45, RCP 6.0), 118 n&e 247k~ wjEA U] 2RCP
8.9)2 FAEH AE=EAH - FrtdA T, 2015).

l
3,

71747l eshd, RCP 2.6 QIZF &5l o3 &S A+ 2227 35
7bFedt 739, RCP 4.5& 247k Az Aol 433 dis= 79, RCP 6.0
& A7k Az Aol ol AR AYHE A, RCP 858 247 27 &

A FAZ ARglol viedHE 4= Bojdh
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Table 4 Categories of RCP scenario

Category Pathway Radiative forcing

3 W/m? before 2100,
declining to 2.6 W/m* by 2100

RCP 4.5 | Stabilization without overshoot | 4.5 W/m? post 2100

RCP 2.6 | Peak and decline

RCP 6.0 | Stabilization without overshoot | 6.0 W/m? post 2100

RCP 8.5 | Rising 8.5 W/m?* post 2100

=2 : IPCC

History | RGRS ECPs
I T

T

-
N
T

RCP8.5 |

—_
o
T

o
T

RCP6

e, SGPGLO4ls

Radiative Forcing (W/m?)

RCP3-PD 3
[

1800 1900 2000 2100 2200 2300 2400 2506

Fig. 7 Global anthropogenic radiative forcing for the RCP scenario
=3 : IPCC
IPCCE] A5} H7IE A S ASH, 214 7] L7tA] |l WA oF 95% o]
oA sl el ddE™, RCP Alygle siaH AesE2 sfdFadst
=719} WSk-WAe] A ZHAE 1971~20109 9] d=H HYE 23T Ao
W 7hstgich,
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1986~20053 7] oiwv] 2081~2100 ~71%te] B+ sii¥ s Fig. 8%
ol FXHAIE % 0.26~0.55m(RCP 2.6), 0.32~0.63m((RCP 4.5), 0.33~0.63m(RCP
6.0), 0.45~0.82m(RCP 8.5 M= o Z=H3JAH. RCP 8.5 Alvtg] L shollA 2100
d s AsEFS 0.52~0.98mel Ae=E B@rstATC1dA, 2014; IPCC,
2013).

Global mean sea level rise
(relative to 1986-2005) Mean over
1 P . . | g , . ) 2081-2100
0.8 - r
0.6 —: :_ -
E 4 i
0.4 - - B 2
] - n O 2
] - o 2
— — ©° a
3 ik
<~ | (-4
0 T T I T T 1 T
2000 2050 2100
Year
Fig. 8 Global mean sea level rise(2000~2100)
== : IPCC

o Eo] Iyai gAY 187 =
2 Fig. 99} 2ol = A% s ASHAEE =
Zho] H 28WxH1989~20161W) AHT dFH FEEEw 2.96mm/yro =,
20133 [PCColAM 2HEZ A AA &4 2

717t 9 AHF g FeEEe AFHTo] 455mmiyrZ 71
3.17mm/yr, &3t 2.48mm/yr, A3l
oz Aafet 9 dafigtol Hls] Fsi

rfl HH

Ffl

o 98 FHLEE 579mm/yr, x3

4.4
W ST wE Zog B4 EUE] i, 2017a).

ali

Tmm/yr, % 3.00mm/yr 5)2| 3f
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Fig. 9 State of sea level rise by regional area
(1989~2016)

T e T3P A ATAY A5E FEOE 8 At AAWE A,
5, ANT ge A GOl HH o A slolm, ALHGe]
28wy ol PRE WEW AR FAA LY BE AAsol hE o}
dol B& Fobd Ao =E HYHETIPCC, 2014)
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glonz, Fuo] T TAJERAN FAstE 4TS 1AL @ AAH
Wegere A% FYsol @ Wk Atk A FESD A BF, v,
¥ ol WASE APole oY FEE T 1 IFol Fwrl AYHL, 7}
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[e)
=

Table 5 State of sea level rise on domestic seas(1989~2016)

Coast Observatory | . Sea level rise Incrgase rate
increase rate(mm/yr) fluctuation(mm/yr® )
Anheung 1.31 0.05
West coast Gunsan 2.38 0.20
Mokpo 2.93 0.09
Heuksando -0.75 0.08
Average of west coast 1.47 0.11
Chujado 2.70 0.13
Wando 1.84 0.10
Yeosu 1.06 0.10
Tongyeong 2.17 0.14
South coast Gadeokdo 4.40 0.22
Busan 2.68 0.07
Jeju 6.16 -0.10
Seogwipo 3.05 -0.12
Geomundo 4.43 -0.07
Average of south coast 3.17 0.05
Ulsan 2.96 0.13
Pohang 4.47 0.21
East coast Mukho 2.69 0.06
Sokcho 3.00 0.11
Ullungdo 5.79 0.33
Average of east coast 3.78 0.17
Average of South Korea 2.96 0.10

=4 717873
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SEA LEVEL RISE PROJECTIONS FOR SAN FRANCISCO RELATIVE TO THE YEAR 2000
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o]
Year 2030 2050 2100

Source: NRC (2012). Lower range projections are excluded as they are not recommended for planning purposes.
NOTE: These SLR projections do not include extreme tides or coastal storms, which could add up to
42 inches of temporary flooding on top of rising sea levels, for a total of up to 108 inches above
today’s average high tide (unlikely, but possible upper-range scenario).

Fig. 12 Range of predicted sea level rise through 2100
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Fig. 13 Projected water surface levels at the port of San Francisco
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TE BAstA e, 66inche] siH FsolA s d 2F/o o 8T
A= HF FF25 AASYE Y. =3, Downtown Ferry Terminal-2 201613 A
< AAstRew, 20654 21008 7kA ] s Aol qu‘5}7] 13t

Ferry Terminal®] w}e vlzbA] =o]& 11.5feetoll A 14.5feetZ2 F3Fste] A A 5H
G oHCity and County of San Francisco, 2016).

Table 6 Past and planned port project SLR adaption strategies

Project SLR Adaptation strategies
- Raise shoreline with rip rap edge to adapt to 16”

Bayfront Park ,
of sea level rise

- No wave overtopping 16” of sea level rise; design

Brannan Street

deck supporting park for wave and current forces
Wharf

for 66” of sea level rise w/adaptive capacity

- Elevate to 14.5° NAVD 88 to address sea level rise
through 2065 (50 year design life) with adaptive
capacity through 2100

Crane Cove - Redesigned shoreline to accommodate 28” of sea

Park level rise with occasional flooding through 2065

- Pier deck elevation remains the same; tenant

assumes responsibility for flood safety including

Downtown
Ferry Terminal

Pier 1
interventions including raising utilities and short
flood walls.
) - Raise site to accommodate 66” of sea level rise;
Pier 70

Bay Trail wil flood earlier. Includes adaptive
management funding measures.
- Raise building pads and streets to accommodate
55” of sea level rise plus 100 Year Flood, with
Seawall Lot 337 | grading down to existing elevations along 3rd Street
and Terry Francois Boulevard. Examine near term
improvements to Pier 48 and adaptation strategies

Waterfront Site

Z*] : San Francisco Sea Level Rise Action Plan
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[=——] ABP Port Land Holdings o
- Flooding from rivers or sea without defences RS

i Based upon the Ordnance Survey Map with the permission of the Controller of Her Majesty’ Stationery
[ extent of extreme flood Office © Crown Copyright. Entec UK Ltd. AL100001776

Fig. 14 Flood risk zones in the port of Southampton area

Z*] : Associated British Ports

SAZE o] dA BT Fol= 3.5mAOD(Above Ordnance Datum,
e 7lE)elH, ol MY VIEAHET 6.25m O ET ARPAIEZE R
Z9/(Mean high water leveD= ¢F 1.35mAODeo|H, 7|&d 714 =& &
0083 2.85mAOD®|tHAssociated British Ports, 2007).

o M
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movement)& 7|RFS H

=3 3fj+H-2 Table 7
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(Associated British Ports, 2016).
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Table 7 Predicted annual sea level rise and peak levels for 1:200 year

and 1:1000 year events

Vears Annual rise 1:200 year peak | 1:1,000 year peak
(mm) level(m) level(m)
1990 - 3.0 3.2
1990~2025 4.0 7 -
2025 - 3.1 3.3
2025~2055 8.5 - -
2055 B 34 3.6
2055~2085 12.0 - -
2085 - 3.8 4.0
2085~2115 15.0 - -
2115 - 4.2 4.4

<] . Associated British Ports

ofo we}, wlg FWk AES 93 FA AALS FIHLH S=9 x4
oAl £A7A MES HAE ] Y3 2
Fwiste] 2RSS 1H st
A AHES HAZetal 7 =
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TH(Associated British Ports, 2007).
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Table 8 Mooring facilities
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Fig. 15 Definition of crown height

Depth of water

Fig. 16& wheEoloh tddute] d#ass =237 93 Case 1& w7
Eo|7k HlmwH & w, Case 2& whFEo|7} A S = 7Pt n
- AT WA O ArgeE ez Ik Fef gebd o %leH, @
AFeRele] dol, #AAE, FYo] IF= Ls F =3 THES AF
g Aedd ARl W3tz @ AdFo] AAY, A 62 = EE kol

G wA B,

g R
i

® wo 2 2
P o

£ 7

il

o
x

Collection @ kmou



Case 1

Case 2

Wind

1

Y=

o

—

o \U/

B ——

Fig. 16 Correlation between crown height and moored ship
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Table 10 Overtopping height of major port in domestic port

A B C | ABC D ABC-D | DA
AH | Storm | SLR | Design | Crown | Over- | Height

Category HW. | wave | (cm) | water | height | topping | from

(cm) | height level | (cm) | height | AHH
(an (am) (m | W(an

1 | Gyeonin - - - - - - -
2 | Incheon |927.0| 1970 6.0 | 1,130 | 1,000 130.0 73
3 | Pyeongtaek | 930.8 | 164.0 6.0 | 1,101 | 1,050 50.8 119
West | 4 | Daesan |827.8| 120.0| 6.0| 954| 1,000 -46.2 172
coast | O Taean 769.8 | 106.0 | 6.0 882| 1,160 -278.2 390
6 | Janghang | 747.8| 1730 6.0 927 | 800 126.8 52
7| Gunsan | 7426 1820, 6.0 931 800 130.6 57
8 Mokpo | 486.0 | 123.0 6.0 615| 550 65.0 64
9 Wando | 4004 | 122.0 4 10.0 | 532| 450 82.4 50
10 | Gwangyang | 382.2 | 221.0| 100, 613 600 13.2 218
11| Yeosu 361.6 | 220.0 10.0| 592 450 141.6 88
12 Jeju 278.0 | 85.0 | 29.5| 393| 360 32.5 82
13| Seogwipo | 303.2 | 83.0 29.5| 416| 400 15.7 97
South |14 | Samcheonpo | 329.6 | 194.0 | 10.0 | 534 | 450 83.6 120
15| Tongyeong | 282.0 | 173.0 | 10.0.| 465 | 330 135.0 48
coast 1 Gohyeon | 196.8 | 172.0 | 10.0 | 379 | 340 38.8 143
17 Okpo 214.2 | 141.0 10.0| 365, 280 85.2 66
18 | Jangseungpo | 188.4 | 134.0 | 10.0 | 332 | 280 52.4 92
19| Masan 196.7 | 207.0 1 10.0 | 414 400 13.7 203
20| Jinhae 199.4 | 183.0 10.0 | 392 400 -7.6 201
21| Busan 129.8 | 110.0 | 10.0 | 250 | 400| -150.2 270
99 Ulsan 60.8| 74.0| 11.5 146 | 220 -73.7 159
Onsan 63.2| 74.0| 115 149 | 220 -71.3 157
23| Pohang 246 | 99.0| 115 135 200 -64.9 175
Fast | 24 Hosan 15.4 - 11.5 - - - -
25| Samcheok | 35.0| 42.0| 115 89 150 -61.5 115
coast o6 Donghae | 392 430 1L5 94| 200] -100.9| 161
Mukho 376 | 50.0| 11.5 99| 200 -106.3 162
27| Okgye 376 | 41.0] 115 90 | 250 | -159.9 212
28| Sokcho 39.0 41.0] 115 92 120 -28.5 81
=4 AR AA - Hrid T
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Fig. 19 Key elements of solid type and concrete block construction(U.S.A)

=*] : U. S. Department of defense

JHo] FuAAd HA 7]FS Technical Standards and Commentaries for Port
and Harbour Facilities in Japan(2009)oll A A3l low, FFo] nlFizo]o
g ZIEHes ASEHE 229 FEoR d¥d HL F9l(mean
monthly-highest water level, MMHW.)E AF&3tch A dubs 2EE 4+ ¢l
= A%, Ydirdo® %F 9% Hi FHE 7IF 2= Table 119 AA A #
S 7o 2 AAHItHThe Overseas Coastal Area Development Institute of
Japan, 2009).
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Table 11 Standard of crown height(Japan)

Tidal range 3.0m Tidal range less
Category
or more than 3.0m
Wharf for large vessels M.M.H.W. M.M.H.W.
(Water depth of 4.5 or more) + 0.5~1.5m + 1.0~2.0m
Wharf for small vessels M.M.H.W. M.M.H.W.
(Water depth of less than 4.5) + 0.3~1.0m + 0.5~1.5m

<4 : The Overseas Coastal Area Development Institute of Japan
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Fig. 20 Key elements of suspended deck structures(Japan)

<4 : The Overseas Coastal Area Development Institute of Japan
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level on crane heights)& il&steof dtthal A = T

aHEE A2 el stEAlY FBF ompREols A ¢l(working
water leveD®Eth 1.5m o] Folof s, o7|A AFrod= A 7Hed Ao
T2l (Extreme sea leveDZ Ho|& & o}, ygto 2 HE 7@ (open sea) A
Ao mpFEizol= F9l(water leveDs} =3}, d#o] Eol9} RIS 1o3t7] ¢
g TA AL Fdsta AAstooF o

53], VLCC ¥ 7}2=&RkA o] mifol= OCIMFY 7hol=eield wel AR
gple] a848S HAST & Jn F/d B st FRE Fo] FFE T

A G2 A Sto]oF dhBritish Standard Institute, 2010b). =+ A7+
oA AAstE ZAYE Aol e b @2 Fig 213 Zoh

==

1 \Crown Height

8
Key
1 High water level 5 Gravel fill
2 Low water level 6 Selected fill
3 Hydraulic fill 7 Bed level
4 Front chamber may be omitted 8 Concrete ballast

Fig. 21 Key elements of concrete caisson deck structures(U.K)

=] : British Standard Institute
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4) 7 AAVE

olof

T AL AATENA BT rkREEols AF A9 xol, =4 WE
(tidal variation), ILZ%|(Extreme water levels), F<erAnte] ZRH(type of
vessels), 5 Ztde] 3 (pier operations)S Folste] A3 e]of 3o} HE3H
Hd AR RA, At B2 7 94 9 /A - B dwd doste] 2A
slojol dtkar WAE o] UtHThe Government of the Hong Kong Special

Administrative Region, 2004).

5) Port Designer’s Handbook
PIANC #17)%¢] A& A<l Port Designer’s Handbookell ¢]3td, m}Fizo]9
1HQAE T 67HA] AFFe = A ojstal Ut
(@) 44 apron H9 Huld 792 =o](The elevation of the terminal area
behind the berth apron)
b 71 =2 A= 99 24 = Z2{(The highest observed water level
and the tidal level)
(© &9 fF9o unpFo] <93 49(The wind-raised water level in the
harbour basin)
(d &9 F99 13 28(The wave action in the harbour basin)
(e) A& A3t HPAure] {3&(The type of ship using the berth)
(f) 3= 2+ ZF(The harbour installations and the cargo operation)
durA o7 FL3 sfA wFEol= A 4¢l(working water level) Rt}
1.5m o) FoloF stal, o714 APae= Aol 7bsd Ha gl(Extreme
water leveD®2 g 4 Ut ﬁ%agiTEi 2% 9&S T=(open sea)o] A
Ao mtREEols HAFHE &Y #F wt UM &2 @5 var(highest
observed crest of waves)®th 0.5~1.0m A&Fste] A A sle]oF 3Fch(Thoresen,
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C.A, 2003). 2 AA7NZANA A= thakst Fejo] oheo] Bae Fig. 229
2y,

Crown Height |Berth front Apron
LAT —l._l /

Harbour basin

i

Berth-front height

X Water depth

Crown Height Quay slab _ -

Solid berth

Crown Height

Quay slab

Front wall ~

N
1_3_

e

Dredged or -
excavated _ A+

Open berth

Fig. 22 Various berth structures(Port Designer’s Handbook)

<] . Port Designer’s Handbook

_47_

Collection @ kmou



33 m¥Eol 2R84 AR

oA 71=3 3248 =W - & npREo] AAVIES 4%
27 whEEe] AAS 93 A8 mpREold o IF
T3 AT

S, B w]=, 9=, &F 2 Port Designer’s Handbook?] w}F%=
Al A ARES Table 129} oW, nifEo] 7Fd &S F& 84 &
]%Oﬂ M= @42 ZxKTidal range), Z9(Tidal leveDo]™, w
rt Designer’s Handbooke] w}FEo] 7|Fof| sidsh= HtAHke]

Po
g, S R sk AN, QA Al Eololtt 9% s1ZAA 1T 9

X
)
N

= A4

-3 0, O = -

S oalan 4o ARE 2909 GHT AWl YE a4 vpRxe] HANZ
of dFE = F Urh

Table 12 Considerations of crown height design criteria in domestic and

international standards

Standard Considerations
R.O.K » Tidal range, Tidal level, Depth of water
Japan o Tidal range, Tidal level, Depth of water
USA o Tidal range, Tidal level, Ship freeboard, Type of vessel
o « Cargo handling equipment, Adjacent land
UK e Tidal level, Sea level rise, Type of vessel
' e (Cargo handling equipment, Elevation of the terminal area
e Level of adjacent land, Tidal variation,
Hong Kong . .
» Extreme water level, Type of vessel, Pier operation
» Elevation of the terminal area
Port » The highest observed water level and the tidal level
or
, , » Wind-raised water level in the harbour basin
Designer's . .
» Wave action in the harbour basin
Handbook : :
* Type of ship using the berth
e Harbour installations and cargo operation
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Fig. 23 Decisive factors of crown height
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. 9o We AdF %
. 9o w2 WFAuo] 2gatt wre B}

op
QL
rr
.
[-'0
A8
o
N
—_

« AFEERlA AdEre] Fol mE sk kA B A HE

2 =RdAE rtEEo] A e AFE ARGHEAL = E4E 93
Fig. 249} Zo] AFMHAZ H7F d& AZEYA=E 78" TTI(Tension
Technology International)AFe] OPTIMOOR SW(Ver. 6.4.1, 2017. 06. 16 Update)
Versiong AF£3lgth OPTIMOOR AZE o= Ay &4S 7|¥lo 2 g A
TR s z2 O] Blsty Testy e RdPgow I sid et
AN g =9 ARFHAA BrF AlEdolded txdoz AEHL U= AR
A sz 2 Igo|,

1
Aate], Zb gidAutEE 479 npREe] =4, 99 4

OPTIMOOR

Fig. 24 Mooring safety assessment simulation program(OPTIMOOR)

=% . Tension Technology International
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) 7 HEA

2 AlEH oA Hrto A8E BF FHIEA(O,—zy2,) R F< 1 <F(Notation)
< Fig. 259 2t 2% #uxA Y9AHOrign)e 5o FYHoz HAs Y
o, WEAne] WM Ao EZA s Aow HNASAT wI o] weko g

+ FFH(Pier) #A o A8, 7]EH(Datum)> oFH A A 29 (ALLW.)o |t}

,ll_r

B5 Z3H™Berth Target)S HF FxA L 7 <A s, HFHo=2 A
oto] g Aefoll A At ZxH(Vessel Target)d Zo] Wako g HIPsi==
o

B6
@)
Tba
North
Berth Angle
Os [rier] >
| H = Crown height above Datum | yb 0
3
I f=Fender height above Datum I
I A.L.L.W = Datum I
~
| h = Depth below Datum |

Fig. 25 Coordinate system and notation(Pier)
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3) Addt #3A

2 A g old Hrlol Agd Ak HEZA(O, —x,y,2) B FZ 7+ (Notation)
< Fig. 267 2tk Ak A9 A4S Mo FdMidship) o2 HA s o
o, Ak T4 (Centerline) doll EAst= Aoz AAsAh £33 o]

o 2= A7ta(Main Deck)itol]l EAgct =3k, A4 ke x=, Hok whak
of #AAGle] FF WEFS yHo =2, I3 A3 AHEFS 2502 A5

vt E3x 4 (Vessel Target)> A¥F 23 A1e] 33 dAstH, HFHo=2 H
o] 59 FHolA FF F3xHBerth Target)? do] WaFo =z HYse s

ulo] #o)g E(Fairlead) 91X+ «€x12 o2 1, 2, 3 59 H

il
o
o
&
2

<
Jes %ﬂé}t— l%M M5} F Y3tk

Ys

Centerline

Xs
AT
| Main DK | OS <
4 'ys
N [r]
| ALLW = Datum I DE | H=Crown height above Datum |
A A

l h = Depth below Datum I

w

| Seabed I
v

Fig. 26 Coordinate system and notation(Ship)
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Fig. 28 Wind force coefficients for various ship
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Fig. 31 Current drag force coefficients of all ships
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OCIMP)d A &= Fig. 337 Zo] BE AlfFedo] 25° olste] +272& fASIE

= a7sta oy =3, ik g Fo| M Fig. 349} o] o]
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Mooring Dolphin 250
Water Line
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Loading Platform
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Fig. 33 Criteria on the vertical angle of mooring line(OCIMF)

= . OCIMF

Head/Stemn Breast/Spring Line

Fig. 34 Criteria on the vertical angle of mooring line(Harbour Design

Criteria in Korea)
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(m)
350
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A
(ton)
350,000
246,000
236,000
105,000
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°

Prismaticd LNGA, LNG(M)

| —

200,000

(ton)

Table 13 Group of ship depending on the DWT/GT(1)
DWT/GT

type
Bulker
Tanker
Bulker
Container
Cruise

A &<4=o]1, PIANC 7]&olA AA|
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Table 13 Group of ship depending on the DWT/GT(2)

Ship’s | DWT/GT A LOA|LBP| B | T | G Max. A,
type (ton) (ton) | m | m | (m) | (m) | (-) | Windage(m?)
Tanker 125,000 | 250 | 236 | 43 | 15 | 0.80 4,500
Bulker 121,000 | 255 | 242 | 39 | 15 | 0.82 4,800
Container | 100,000 | 140,000 | 326 | 310 | 43 | 15 | 0.71 7,500
Cruise 53,500 | 295 | 273 | 34 | 84 | 0.67 10,800
LNG(P) 144,640 | 318 | 306 | 51 | 12 | 0.80 7,870
Tanker 90,000 | 225 | 213 | 38 | 14 | 0.80 3,700
Bulker 86,000 | 230 | 219 | 35 | 13 | 0.81 3,850
Container 100,000 | . 280 | 266 | 42 | 14 | 0.64 6,100
Cruise 70,000 | 38,000 | 265 | 225 | 32 | 7.8 | 0.66 8,700
LNG(P) 85,000 | 268 | 252 | 40 | 11 | 0.70 5,820
LNGM) 111,700 | 284 | 270 | 47 11 | 0.75 8,560
PCTC 52,000 | 228 | 210 | 32 | 11 | 0.66 6,900
Tanker 66,000 | 210 | 200 | 32 | 13 | 0.79 3,000
Bulker 62,000 | 208 | 198 | 31 | 12 | 0.79 3,150
Container 68,000 | 267 | 253 | 32 | 13 | 0.65 4,700
Cruise 29,000 | 232 | 212 | 28 | 7.4 | 0.64 7,000
LNG(P) 20.000 56,500 | 244 | 228 | 34 | 95 | 0.74 4,500
LNGM) 71,000 | 249 | 237 | 40 | 11 | 0.69 6,000
LPG 80,000 | 248 | 238 | 39 | 13 | 0.65 5,800
PCTC 38,200 | 201 | 185 | 32 | 10 | 0.60 5,400
== : PIANC

AstsFET 0TESH, =
Table 149t Zrow, ol& #4334 Z
7, FEASF, FgHAo] Al

ST

o
=
H
QLN

En
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Table 14 Comparison of dimension on tanker and bulker

Ship’s DWT A LOA | LBP| B T C, Max. A,
type (ton) (ton) | m | m) | m) | m) | (-) | Windage(m?)

Tanker 365,000 | 350 | 330 | 63 | 21 |0.82 8,600
300,000

Bulker 350,000 | 350 | 333 | 56 | 22 |0.84 8,200

Tanker 246,000 | 310 | 294 | 55 | 19 |0.80 6,800
200,000

Bulker 236,000 | 315 | 300 | 49 | 19 |0.83 6,900

Tanker 125,000 | 250 | 236 | 43 | 15 | 0.80 4,500
100,000

Bulker 121,000 | 255 | 242 | 39 15 |0.82 4,800

T3l Table 159} #Zo] 7243} PCTCx BE T=TE 7ISETE AHE
=

s, Bl S vlwstde W AsFFEFol Bl

H2 e 22X 8200m?, PCTC 6,900m*S.2 vl a & Holt}h =3 F AZ
BT OE 32m, EAS 06602 FUstel A Bl Folsh ot W
% FYRA, PYASY FAY BY aFO= BRI

Table 15 Comparison of dimension on Cruise and PCTC

Ship’s GT A |LOA|LBP| B | T | ¢ Max. A,

type (ton) (ton) | m) | m) | (m) | (m) | (-) | Windage(m?)

Cruise 70,000 38,000 | 265 | 225 | 32 | 7.8 | 0.66 8,700

PCTC ’ 52,000 | 228 | 210 | 32 | 11 | 0.66 6,900

Cruise 29,000 | 232 | 212 | 28 | 74 | 0.64 7,000
50,000

PCTC 38,200 | 201 | 185 | 32 | 10 | 0.60 5,400

Table 169 AstFTFE= SvEw A8 5 LNGA# LPGAH Y FaA

H, Prismatic LNGNG(P)eF Moss LNGINGM)), LPGAHe] w42

? 4% W= A FAkstY 3 AFo®2 £/

— 72 —
Collection @ kmou



Table 16 Comparison of dimension on LNG and LPG ship

Ship’s DWT A LOA | LBP| B T C, Max. A4,
type (ton) (ton) | m) | m) | (m) | (m) | (-) | Windage(m?)
LNG(P) 85,000 | 268 | 252 | 40 | 11 |0.70 5,820
LNGM) 7000 111,700 | 284 | 270 | 47 | 11 | 0.75 8,560
LNG(P) 56,500 | 244 | 228 | 34 | 95 | 0.74 4,500
LNGM) | 50,000 | 71,000 | 249 | 237 | 40 | 11 | 0.69 6,000
LPG 80,000 | 248 | 238 | 39 | 13 | 0.65 5,800

Table 173 #Zo] HAH YA TY AstsHFET
S '1#7} A4 En, gwd 82l AAF) met FWEdel FEH 54
_[E_l_

o] YomE Bt IFOE B

Table 17 Comparison of container ship’s dimension depending on the DWT

Ship’s DWT A LOA|LBP| B T C, Max. A4,
type (ton) (ton) | (m) | m) | (m) | (m) | (-) | Windage(m?)

200,000 | 260,000 | 400 | 385 | 59 | 16.5|0.68 10,700
100,000 | 140,000 | 326 | 310 |42.8 | 14.5 | 0.71 6,900
70,000 | 100,000 | 280 | 266 |41.8 | 13.8 | 0.64 5,800
50,000 | 68,000 | 267 | 253 |32.2 |12.5 | 0.65 4,500

Container

) AFE I53 % 54 24
Ak Ald = 7IEe® TR A 252 A B C DE F Ve OFo=
rsler, ADFS 724, A4, PCTC, Bawe AHoUHeR &8}
D1E& LNGA ¥ LPGH oz FE3IHoH,
74 a5 %*é% Table 18% #Z°m, Fig. 35 2 1§59 A¥t Apzlelt
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Table 18 Characteristics of ship’s group

Group Type Characteristics

» Embarkation & loading facilities(ramp, gangway)
are required.
Passenger o , , , .
A hi e Variations in ship draft due to loading condition
StIp. are relatively small.
PCC, PCTC |, The windage area is relatively static and large.

Cruise,

Container | The windage area varies with the loading condition.
B " « Affected by vertical height of gantry crane.
Stp e Sizes of ship keep getting bigger.

 The freeboard and the windage area is various
with the loading condition.

Bulk Carrier, | « The draft is larger compared with other ships of

Oil Tanker the same tonnage at full load.

o Positions of dockside cranes and loading arms
should be considered when berthing.

e The ship specification and the windage area are

ING Carrier, larger compared with other ships of the same

D i tonnage.

LPG Carrier | | Positions of the manifold and loading arms

should be considered when ship is moored.

ol
Fol mlsl Aot = A Adke] stgAdni]l M=, aF=24d3 A4
< oA s Ani]l Bl AA7F BeFolng BF npEgolel oA
o] sl - st F=Eo] AAAl FTasit

Holud oz ghae] Adol AAE stog HEAA P ue}
ol itk E, st AYA S THAS AHES
e

P won, BT plegod weh $4 2
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Fig. 35 Photo of ship on each group
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Table 19 Dimension of 100,000ton ship by Harbour Design Criteria in Korea
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Table 21 Longitudinal windage area of target ship

PIANC | Computed
Group Longitudinal windage area(4,) Guidelines | Result
(m?) (m?)
A 10,800 11,039
B 6,900 6,964
% GENERAL ~ ARRANGEMENT
C ! 4800 | 4,919
D 7,870 7,904
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Table 22 Comparison between length of pier and L.O.A

Length of pier / L.O.A
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L.O.A
(m)

324
350
259
294

(m)
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Table 23 Load, interval and number of Bollard

Gross tonnage of Max. Load Max. interval Min. number of
design ship of bollard | between bollards | installation per berth
(ton) (ton) (m) (unit)
200 ~ 500 15
500 ~ 1,000 25 10~15 4
1,000 ~ 2,000 25
2,000 ~ 3,000 35
3,000 ~ 5,000 35 b >
5,000 ~ 10,000 50
10,000 ~ 20,000 70 20 1
20,000 ~ 50,000 100 20 16
50,000 ~ 100,000 100 20 20
100,000 ~ 150,000 150 22 21
150,000 ~ 200,000 150 Y 22
200,000 ~ 250,000 200 22 23
A A AR

FTETY A o5 2o FEH GT = 0.529DWT, =l
0.882DWT, =41 GT = 0.535DWT, RO/RO GT = 1.780DWT, Al-&=2}z-84
GT = 2.721DWT, LPGAl GT = 0.845DWT, LNGAl GT = 1.370DWT, o4 GT
= 8.939DWTo 2, o]o mE dldadute] GT 2 DWTe} oo w2 IZFo Huj
Ay "2 337 7148 Table 249} 2044, 2017D).
o wel, A} DIES ZF 1AL 22m o]dte]oF R, BE t)abadnke]
Z1Q1 A (interval?l 20m=z AA3sta, A9 DI1F9
A9 150, Bet CaF9] AT Ay 100802 HAsAT
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Table 24 Selection of bollard by ship’s group

Ship’s aT DWT Max. Load Interval
Group of bollard between bollards
type (ton) (ton)
(ton) (m)
A Cruise 100,000 | 11,187 150 20
B Container | 88,200 | 100,000 100 20
C Bulker 52,900 | 100,000 100 20
D LNG 100,000 | 73,000 150 20
3 A

AASH b Apolol= HMLS] HSE A9 AR Fol staolut migel oJ% B
A A g nhEEol gatn, olu MA W FREY S WA

Ashel Qrulel WEUMB Wk WEAL FRE ATE 54 2 ol §A

=
o AR FY AN 5o % HAUZE 5 Aue] Hebda, Auke] Ak A
MAss BEA o] Qhale) pxo] R 9% & st Ao} o
o, dubF o2 WEe] B 5~20me A ACHE P4, 20170)

2 Ay edAs didAd AR FEFAAM F= AEEH<= Cel Type,
o

Type WZA) AA] 25 Fig. 379 2t

Table 25 Characteristics of fender

Interval Rated Deflection
e between | Reaction Energy
T f
ype Specification Grade fender oo Asegi
(m) (Ton) (Ton-M)
Cell |1,400Hx1,600¢ x2 RH 20 147.0 93.0
— 82 —
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Fig. 36 Characteristic curve of fender

Fig. 37 Cell type fender
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Table 26 Mooring arrangement of cruise ship

Category Total number Each number
Head 4 L1, L2, L3, L4
Bow Breast 2 L5, L6
Mooring Spring 2 L7, L8
line Spring 2 L9, L10
Stern Breast 2 L11, L12
Stern 4 L13, L14, L15, L16
Bow 3 B1, B2, B3
Bollard
Stern 3 B4, B5, B6
Fender Total 16 F1 ~ F16
L1112 L9~L10 L7-L8  L5.L6
B4 B3 . 2B1
L1~L4
— 84 —
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BI1&<l HH oA AlFAl2"l wiA= Table 273 #2i1, ARF2t #jx] <
w2 el Aelol o] Akl Hf ]i ol A =gl 4, ’d—’F 2zt
QA 270, Al 2=l 271, Al 2"l aE A4 4-2 [ Aw
oW, F 12789 AlFetdle] vk ARSI Aok A sl=gkle "t
TH S 37~48° olH #ldol= 43.0~49.9mo]x1, Aw A"}

I R 7r2 31~53° ol el ol= 36.3~49.8mel .

0%
W
jus)
==
A

Table 27 Mooring arrangement of container ship

Category Total number Each number
Head 4 L1, L2, L3, L4
Bow Breast 1 -
Mooring Spring 2 L5, L6
line Spring 2 L7, L8
Stern Breast B -
Stern 4 L9, L10, L11, L12
Bollard Bow 2 B1, B2
Stern % B3, B4
Fender Total 16 F1 ~ FI16

CaEQ Hade] AFAd wiX= Table 283 23, AlF2 wlx& A4

A 270, Adnl ==zl 270, Adr] 2"Eel 4
2 g 4-2 [ Ar] 2-4 viAolH, F 12719 AlFERle]l A¥kE ARl A
o A4 =gl HM 37t 31~44° o), gldo]= 43.1~49.1m
oja, Adwl Z®ElEIY HMHH} FHZE 26~45° ol glZolE 421~
51.6me] t}.

=
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Table 28 Mooring arrangement of bulker

Category Total number Each number
Head 4 L1, L2, L3, L4
Bow Breast - -
Mooring Spring 2 L5, L6
line Spring 2 L7, L8
Stern Breast - -
Stern 4 L9, L10, L11, L12
Bollard Bow 2 B1, B2
Stern 2 B3, B4
Fender Total 13 F1 ~ F13
L9~L1£’“ﬁi , \}/:"Lhm
(
DIES LNGAH e AlFAI2d" wjx]= Table 299} 21, AF/A wix& A

slegkl a7l, A zaze]l 274, Adu] 2=z g2l 271, Aul 2"kl 470
2 4-2 | 2-4 wjxolH, F 12789 AlFeele]l Aurs ARSI Atk A 3§
cgelel Hekdm £3zbe 29~45° olm, 1 ZolE 46.1~53.1mo]

288101 HotMa £ zhe 26~46° o|n I ZolE 42.4~53. 9molﬁ}

3z

K
x
k)

HE =dgHY FFo AF7F gou, & A9 AlEEel
o] FFolA A £oz & o U}Eiol st mE AlF
= fsf 2RE e Iz 2dy sl Fig. 382
Bl 2ol A ke g el o] LNG Elndel AlfFst Autolr.
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Table 29 Mooring arrangement of LNG ship

Category Total number Each number
Head 4 L1, L2, L3, L4
Bow Breast - -
Mooring Spring 2 L5, L6
line Spring 2 L7, L8
Stern Breast - -
Stern 4 L9, L10, L11, L12
Bow 2 B1, B2
Bollard Stern 2 B3, B4
Fender Total 14 F1 ~ F14

Fig. 38 LNG carrier berthing in fixed wharf

Z2] : Quayquip
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Auke] Addnls Aol Z7)dd meks -G &FS 7 AoE AAs
71 98 Adubdn|tAe Adstd A A= oA~(Equipment number, EN)ll w2}t
A AARstH, oA IAF R ARy = IAlTL A oste] TA3} FHoj
ATk YA wek ARl &, Zol, vddo] AAHM, oFre 4
(4-16)3 o] 3}719kA] &= (Summer load waterline)o] ™3+ & ujl<=2(moulded
displacement), AZ(moulded breadth), st71RbAl &M oA 3 F2AE, st

ZIRbA Aol A FaA 7R o] S o2 FRo (A, 2014).

=

EN= A?3 4+ 2.0nB+ 0.14 (4-16)
A SRR & o] TSk ¥ 8l 4= (ton)

B : AZ(m)

A B & el A F R bR o] S E A ()
T2 AlEdelide] AFae AAl dutdA F2 ALgS= F
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Zt 1% ®F AFA NS 2 F9He Table 313 o] Aute] AY 2
kol whel o) A2 A4kl H4 68~T72ton o] AR FAE o

Table 30 Standard of mooring rope by equipment number

. Mooring rope
E
Group .Standard L Number | Length | Breaking Load
Displacement | Number
(ea) (m) (ton)
A 56,000
B 140,000 S
~ 7~ 8 200 68 ~ 72
C 121,000 5500
D 141,000
Table 31 Characteristic of mooring rope
, Diameter Breaking Load
Group Material
(mm) (ton)
A Polyester
B Nylon
70 ~ 80 70 ~ 90
C Nylon
D Nylon
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A Zxo| o 2ol siFgE. EejozH= Yl

2 RxE agEe 50% stEolA oF 6% AFHI, YdE 2xe i)

=) 50% 3kl A oF 12~15% A7¥ tHOCIMF, 2008).
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Fig. 39 Load-Extension curve of mooring rope

=% . Tension Technology International
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4.2.3 vEE0] 29
hEEole wE Hekdwe] ARAAAL MAEE Frlsty] A8 vhREEolE
Nz AR/ vFEele HE @8k, I 2 o3 AAV|FEAA whER

O] A A ]T./] 71ZH o] He dHTIXJAHHW)NA 1m, 2m, 3m, 4m
A=l

Hir

oz

nl2o] & AHHW. + Im, 7,2 AHHW. + 2m, 7,5 AHHW. + 3m, 0=
AHHW. + dmz2 Jebith o714 m,e 3% 8 og 47712 54 45m o4
o WRHIANLL AR FolT, HE hBALAAS] Hs)EolT Table
33e mFEolt 44E w AFH AU vpTole] FABAE Uehict

Table 32 Classification of crown height

i | H; | Crown height(m) Description

Minimum standard of wharf for large vessels
on Harbour design standard in Korea

Maximum standard of wharf for large
vessels on Harbour design standard in Korea

Above Im from the max. standard of wharf
3| H AHHW. + 3 |for large vessels on Harbour design standard
in Korea

Above 2m from the max. standard of wharf
4 | H, AHHW. + 4 | for large vessels on Harbour design standard
in Korea

1| H AHHW. +1

2 | H, AHHW. + 2

Table 33 Correlation of crown height and moored ship
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Table 34 Windage area of each ship depending on the crown height

, Longitudinal windage | Transverse windage
Group Crown height
area(4,) (m?) area(4,) (m?)
- 11,039 1,257
H, 10,762 1,225
A H, 10,484 1,193
H, 10,204 1,161
H, 9,923 1,129
- 6,964 1,557
H, 6,637 1,515
B H, 6,309 1,473
H, 5,981 1,431
H, 5,654 1,389
- 4,919 994
H, 4,674 955
C H, 4,430 916
H, 4,187 877
H, 3,945 838
- 7,904 1,422
H, 7,626 1,380
D H, 7,349 1,338
H, 7,071 1,296
H, 6,793 1,254

Eold WE AF¢AA

1 +
BA4S 93 A EH ol AU 2E Table 359 Zo] AAs ).
NEANFOE ADE IF24, BIE A o]
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Table 35 Simulation scenario of mooring safety assessment

Tidal level / Crown | Wind speed Wind
Load condition | height (knots) direction
20
H, 30
40

. 20 @ WD1
: Cuise ship AHHW. el 30

: Container ship / 40
. Bulker Ballast 20

- LNG Carrier condition H, 30
10 3 WD3

20
H, 30
40

Target ship

@ WD2
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o
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A xzgerel 9o R g, 18.1E, m, 16.9%, 0, 156%, n, 14380% 7
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ol
I
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T WD3, mhFxo] Hy =1L w ARl 129 AHghe T& 20kts
22.7F, 30kts 56.6=, 40kts 99.0F°|H, S7F&S 242t 149.3%, 74.9%= e
=N

_96_

Collection @ kmou



100
] —a— H1
90 —o— H2
50 —&— H3
] —v— H4
70
60
£ s0
(0] 4
S a0
30
20
10 ]
0 i T i T : T T T d T T T § T d T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(A) 20kts
100
. —=— HA1
20 —e— H2
1 —&—H3
iy —v— H4
70
60 |
S s0 1
o 1
S 40 ﬁ ﬁ
30‘-*%“/ / %
10
0 T T T T i T z T : T e T ; T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(B) 30kts
100
. —=— HA1
90 ﬁ' —e—H2
o \ —aH3
] I \ ~—v H4
. il
[
S s0ly = .
LSS = =) L= | =
20 4
10
0 T T " T T T ¥ T d T ? T ; T T T
1 2 3 4 5 & 7 8 9 10 11 12 13 14 15 16
Line No.
(C) 40kts
Fig. 41 Tension of line (Group A, WD1)
—_ 97 —_

Collection @ kmou




100
] —=—H1
90 —e— H2
80 —a&—H3
) —v—H4
70
60
% 50
(1] 1
S 40
30 4
20
B e
0 T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(A) 20kts
100
1 —=— H1
20 —e—H2
80 —a&— H3
] —v—H4
70
60
% 50
(1] 4
S 40 =a
20 —9
10 ] g
0 T T T T T T T T T T T T T T T T
1 2 3 TEEYABIREC I\ 12 13 14 15 16
Line No.
(B) 30kts
100
] —=— H1
90 —e— H2
20 ] A H3
| ﬁ —v—H4
70
60 ﬁ
% o %
B 17" \
9 40 T -
30 4 /
20 } i
10
0 T T . T i T d T T T " T T T ' T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(C) 40kts
Fig. 42 Tension of line (Group A, WD2)
—_ 98 —_

Collection @ kmou



100

—m— H1
80 —e— H2
30 —a&—H3
| —vH4
70
60
% 50
g 4
—1 40
30
20 4 —
10—1=¢='=¢=-=-_—%."Mv
0 T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(A) 20kts
100
] —=— H1
90 —e— H2
80 —a&—H3
_ —w— H4
70
60
£ 5 | S
8 o [ —\
S 40
o] et g
10
0 T T T T T T T T T T T T T T T T
1 2 3 4 5.16/ 7 8 9.10 11 12 13 14 15 16
Line No.
(B) 30kts
100

Load(t)

iy ﬁ —m— H1

l —e— H2
80

—a—H3

\
% —v—H4
|

70

60

/

/ .
Y = SR ]
30{%

20
10 ]
o] ] T T T T T T T T
i) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(C) 40kts
Fig. 43 Tension of line (Group A, WD3)
— 99 —

Collection @ kmou




100
90 4 :ggﬁz
80 ] / \ —a— 40kts
70 #\.A\ / \\
60
% 50 a M / =% \. P ——
s B W T
30 4 =4\.\‘/ \*\./ \./4/"’
20 >—g e
- E Hﬂw\-—-\._/ =
° 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(A) WD1
e ] —=— 20kts
90 —e— 30kts
a0 1 —a— 40kts
60 A
S s0]aas =21 W
g ] =
3 40 /‘\.\ A A A A
30 e . " / PN
=7y
- g -—'\F-/-ﬂ\.—\ PR I
. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(B) WD2
100
M e
— / \ —a— 40kts
) / \\
60
= o [ L
e /= /
50 1 A—A\‘\/ \_"/q \V,./.h.
20] e—e =ﬁﬂ /’\o/ -
1 ¥ ——
10_%#
) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Line No.
(© WD3
Fig. 44 Tension of line depending on wind speed (Group A)
- 100 -

Collection @ kmou




T&F WD, 2& 35 oA AAdF dAdggte Fig. 459 2o, A
AJNE e Ar] ALF 6 wiFEe]l md W F% 20kts 65.0%=, 30kts
128.2F, 40kts 206.7 2k Au AT 4H 9 npFEo] 7 ¥
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Adggte A AT 699 wFEo]l HY o F5 20kts 67.7=, 30kts
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FE Au] AXMF 4MoE [ 66.6%, H, 61.65, H, 56.6%, H, 51402 7}
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5 F Sway %o] /b FQwo] A3, 1 e nFEEo] H, Y W F4 20kts
0.44m, 30kts 1.54m, 40kts 2.68melt}. F WHAE FaFo] & 52 Surge= wf
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of W2 Swayata & 20ktsolA vhFEo] H, 0.44m, H, 0.35m, H, 0.29m, H,
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F& 27N AMF AdPge Fig 567 23, Ao 2
e Aw AMFE 4H) mlExo] g, Y wW F% 20kts 66.6%, 30kts 139.7

o] T 299 mREo]l md o
20kts 25.2%, 30kts 45.3%, 40kts 74.5E0]th nplEizo] Ao W2 AMF A
Q18 F& 40ktsol A UFEEo] H, T45~232.3E, H, 72.7~226.0%, H, 70.9
~219.8%, H, 69.2~213.6E0]H, npfizo] Wl w2 Zago] pE 2 AN
FE M AMF MO [, 2295% |, H, 22298, H, 216.3%, H, 209.7E0
2 ase 77 2.9%, 3.0%, 3.1%2 LERRTh

&z A AdF Az Fig 577 21, Ao A

5:
, HA& AJdEge Aul AT 3HY wEEo] oY
20kts 24.5%, 30kts 41.4E, 40kts 65.9E0|th, mwlFEe] o] we AXNFE 7
o1y F& 40ktsol A TFREo| H, 65.9~225.6%, H, 64.8~218.9%, H, 63.6
~212.2F, H, 62.4~205.7%, vkF%°] ®Mslo] 4& fHaso| VM & AdF=
Ng AXNF 1Mo R [ 22562, H, 218.9%, H, 2122, H, 205720 3t
Age 747 3.0%, 3.1%, 3.1%E etk

TE& 2AA AT AJQERS Fig. 587 23, Hd 7
e Ao AXFE 489 npFEo] g Y W F<4 20kts 61.0=, 30kts 130.9
o] T+ 3We mEEe]l H Y W
20kts 21.3%, 30kts 32.4%, 40kts 47.4Eo0|t}. nfFizo] Ao W AMF 2
olg e F<& AOktsoll Al mpREizo| H, 47.4~2224F, H, 46.7~216.2%, H, 46.0
~210.0¥, H, 45.4~203.9%, v}Fxo] Wslo] M2 Fhgo] /M & AXFE
S AXNF 1HeE [ 1269%, H, 1228%, [, 1188%, H, 114882 7t
28-S A7 3.2%, 3.3%, 3.4%= JEFT
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Fig. 56 Load of bollard (Group B, WD1)
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AA bAFTERE T & AugedA 7HE 8ol & %2 Surgest

23 WD1, & %<& 7oA Surgeet Swayzke Fig. 599 oW, 6Af =&
5 F Sway %o] /b FQwo] A3, 1 e nFEEo] H, Y W F4 20kts
1.22m, 30kts 4.01m, 40kts 6.92mo|th. F+ WHAE Fl&Fo| & &5 Surge= v}
Fio] g, Y w < 20kts 0.09m, 30kts 0.37m, 40kts 0.65mo]|t}. mpFo] Ak
of WZ Swayata & 20ktsolA vhFEEo] m, 1.22m, H, 1.08m, H, 0.95m, H,
0.83me]™, o] W mpfzo] Wslo] W& A4S 27 11.5%, 12.0%, 12.6%=
Ehuttt. 22 AOktsoll A mhRio] m, 6.92m, H, 6.60m, H, 6.29m, H, 6.0mo]H,
o] wj m}F=o] WMo WE TrAELS 7t 4.6%, 4.7%, 4.6% = UEFST

W

23 WD2, R E %<& 7oA Surgeet Swayite Fig. 603 ZoW, 64 =&
& % Sway &%F°| 7 Fawel Aa, 11 @} mEEe] md W F5 20kts
0.68m, 30kts 3.16m, 40kts 5.77melt}. + HMAE Fa7Fo] & 52 Surge= wf
Fizo] g, Y uf #< 20kts Om, 30kts 0.31m, 40kts 0.68mo]t}. m}FEo] Ao
wE Swaygke E<4 20ktsoll A mlEEo]l m, 0.68m, H, 0.60m, H, 0.51lm, H,
0.40me]™, o] uwf wFZo] Welo| W& THAe-S 7M7) 11.8%, 15.0%, 21.6%=
ety F<4 40ktsoll A wlEEo] m, 5.77m, H, 5.48m, H, 5.20m, H, 4.93mo]H,
o] o wpFo] Wl WE AELS 27 5.0%, 5.1%, 5.2%= UEFST

2% WD3, & ¥4 oA Surge®t Swayat-e Fig. 613 Zow, 64-F =<
% = Sway &%0°| 71 HQ#o] A3, 1 e ntEEo] g, Y ] <4 20kts
0.36m, 30kts 2.64m, 40kts 5.04molt}. F WHAEZ FaFo] & 52 Surge= wf
F=o] H Y W F% 20kts 0.24m, 30kts 0.28m, 40kts 0.44mo|t}. wlFEo] s
of W& Swaygt2 5 20ktsollA wlF=o] m, 0.36m, H, 0.26m, H, 0.19m, H,
0.15mo]™, o] wf wlFEo] Wlol W A& 77 27.8%, 26.9%, 21.1%=
Eldt}d. ¥4 40ktsoll A whEo] m, 5.04m, H, 4.78m, H, 4.53m, H, 4.29mo]H,
o] wj m}FZo] WMo WE THAES 22 5.2%, 5.2%, 5.3%= YUEFSTH
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Fig. 59 Surge & sway motion (Group B, WDI1)
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Fig. 61 Surge & sway motion (Group B, WD3)
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T¥ WD1, 2 &% oA AFA A8EgS Fig 633 2, Hd 34
o Hu ~dglel 1299 npRzo] g U w F< 20kts 11.6%, 30kts 24.7%,
2EF 5We| ko]l 7Y
20kts 8.2, 30kts 15.3%, 40kts 25.6= 0|t} mpfizo] 5o e AFa 2
o F& AOktsol A vFEEO] H, 25.6~40.3F, H, 250~39.0%, H, 24.4~37.8
, H, 23.8~36.5E0°|H, ufFxo| Wsld & 74 Eo] 7B & AFAS A
dzekel 1Mo [, 3L4E, H, 304%, H, 204%, I, 284502 7ta
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Z1d o AfFeel 28] FEgS T4 20kts 94
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Fig. 63 Tension of line (Group C, WD1)
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Fig. 65 Tension of line (Group C, WD3)
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Fig. 66 Tension of line depending on wind speed (Group C)
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¥ WD1, B &% oA AT AJdEie Fig 673 21, Hol A
Gk Adn AdT 449 vpEEo] g Y W F5 20kts 43.3F, 30kts 88.0
&, 40kts 143.3EolH, HA AJAEge A5 AXF 2H9 vt A9 o
20kts 16.3F, 30kts 30.9%, 40kts 52.0=°]t}. wlFEo] Aol WE AT A
Qe e F& 40ktsol Al mhFEizo] [, 52.0~143.3%, H, 50.8~139.1%, H, 49.6
~135.0%, H, 48.4~130.8F°]|H, w}FEo] Welo| W& FHago] 7H & AA
T AT AAdF 1He = [ 1201 , H, 116.5%, H, 113.0%, H, 109.5E2
2 488 77 3.0%, 3.0%, 3.1%= YEFST.
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£, 40kts 116.2E0)H, HA AJNE#S A5 AXF 2919 npFEo] 1Y
20kts 15.7F%, 30kts 23.3%, 40kts 37.4=0]t}. wlFEo] 5ol WE AT A
A=H L T 40ktsoll A whFE=o] H 37.4~116.2F, H, 36.7~112.5%, H, 36.0
~109.0, H, 35.2~105.5+, wkFEo] Wstol| WM& aso] 7ME & AXdF+=
My AXF 1Moz g 1162%, H, 1125%, H, 109.0%, H, 1055502 7}
A28 4 3.2%, 3.1%, 3.2%=2 L EFST

ol @2 Fig. 69¢F 23, Ho A
e Av AT 4 viFEo] HYd W FE 20kts 45.4F, 30kts 87.6
E, 40kts 144.3=0]H, HA AJAHH2 A AT 29 mpFEo] H Y
20kts 16.9=, 30kts 19.3=, 40kts 3 IF0] Aol e AT A
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& 247t 3.2%, 3.3%, 3.2%% JEFT)

1% o
otk
=
)
3¢
P
rln
ol
1B
BN
AL
K3
>
M
>
N
AL
(O
o

w
(@)
rfm
o
o
o

- 131 -

Collection @ kmou



160 T
140 2 :g
v H4
120
100
g 80
(1]
o
= &6
40 . :
20 & .
0 T T T
1 2 3 4
Bollard No.
(A) 20kts
160 =
-
140 S ::25
v H4
120
100
E 2
3 ¢
o
—+ 60
40
2 ]
20
0o T T T
1 2 3 4
Bollard No.
(B) 30kts
160
140 ;
v
120 g ==
100 : :g
= v H4
= 80
(1]
o
—+ 60
[ ] B
40
20
0 T T T T
1 2 3 4
Bollard No.
(C) 40kts

Fig. 67 Load of bollard (Group C, WDI1)
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Fig. 68 Load of bollard (Group C, WD2)
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Fig. 69 Load of bollard (Group C, WD3)
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AA bAFTERE T & AugedA 7HE 8ol & %2 Surgest

23 WD1, =& %<& 7oA Surge®t Swayzke Fig. 703 ZoH, A =&
5 F Sway %o] /b FQwo] A3, 1 e nFEEo] H, Y W F4 20kts
0.38m, 30kts 3.13m, 40kts 591melt}. F WAE Fa&Fo] & 52 Surge= wf
F=o] H Y o F<% 20kts 0.08m, 30kts 0.25m, 40kts 0.38meo|t}. wlFEo] <5

o m= Swayw\‘_ 5% 20ktsoll Al vhE=o] H, 0.38m, H, 0.29m, H, 0.23m, H,
0.18mo|™, o] wj m}Fzo] Wslo)| W& HAae2 242 23.7%, 20.7%, 21.7%= Y
Eldth. %4 40ktsoll M vhEo] g, 591m, H, 5.61m, H, 531m, H, 5.03mo]H,

o] uj mpFzo] WMlol| M2 FZAagS 77t 51%, 5.3%, 5.3%= YEFRT

=% WD2, =& 4 x4 Surge®t Swayat-e Fig. 713 oW, 6A-F =%
& % Sway &%F°| 7 Fawel Aa, 11 @} mEEe] md W F5 20kts
Om, 30kts 2.03m, 40kts 4.44me|thk. F WA 2 HQagko] & L% Surge®E nhF
o] 7Y o F< 20kts 0.10m, 30kts 0.43m, 40kts 0.77meo]t}. vlF=o] 7ol
W2 Swayzke F4 30kisolA mbEEo] m, 2.03m, H, 1.84m, H, 1.66m, H,
1.49mo]™, o] o w}FZo] WM ME A2 ZH7F 9.4%, 9.8%, 10.2%= E}
Wk E2 40kisol A vhRio] m, 4.44m, H, 4.17m, H, 3.93m, H, 3.69mo]H,
o] wj wpFEo] Wl M HAELE 747} 6.1%, 5.8%, 6.1%= UEFSTE

23 WD3, R E %<& 7oA Surge®t Swayzke Fig. 729 ZoH, A =&
% = Sway &%0°| 71 HQ#o] A3, 1 e ntEEo] g, Y ] <4 20kts
0.36m, 30kts 2.23m, 40kts 4.71mo|t}. F+= WHAZ FAoFo] & &2 Surge= v}
Fxo] g, wl <4 20kts Om, 30kts 0.29m, 40kts 0.35molt}. wpFEo] Aol
W2 Sway#e F<5 20ktsol A whEso]l m, 0.36m, H, 0.30m, H, 0.25m, H,
0.19me]m, o] uwj w}Fzo] M3l WE s ZH7t 16.7%, 16.7%, 24.0%Z L}
EbT) S5 40ktsoll A vl$=o] Hm, 4.71m, H, 4.44m, H, 4.18m, H, 3.93me]m™,

o] uf mpFEo] Wl WE FAES A7 5.7%, 5.9%, 6.0%% UEFSTE
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Fig. 73 Vertical angle of mooring line (Group C)
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434 INGH &4 A%

DI1F9] A el 10vb=5 LNGA 9] whfsgolo W& AlFA &9, Al
T AdEY, AAE8E, ATl ALY ARSAY s AlEdEeld 3 1

2= 24 A%e ged 2o,

% WD1, =& &5 oA AR ZEHatS Fig 749 23, Ho &4
2 Ar] 2"l 111 vpFEo] gd W F5 20kts 18.6%, 30kts 40.1&,

8 2EfQ] 5 mEEo] p Y o
AFE, 30kts 21.5%, 40kts 34.7=0°|t}. mpFEo] FFol| WE AT &
& F4 40ktsol| A whEo] [, 34.7~66.8%, [, 33.9~65.1%, H, 33.1~63.4
&, H, 32.3~618Ec|H, npFEo] wsld wg i so] 7hE F AR A
F =gl 1Mo ® H, 6128, H, 59.5%, H, 57.9%, H, 56.3E°% A&
2 7 2.8%, 2.7%, 2.8% = LVEFSLTH

o

2ol A AR ZHae Fig. 759 2a, Ao ZY
o mpEREo] H, Y W T 20kts 15.0%, 30kts 33.5%,
40kts 57.1=°1™, H4 AH@HS Av] B zEdS] TH| vhExo] o d o
%% 20kts 10.4=, 30kts 15.8=, 40kts 24.0=°lth. mlFEo] Ao WE AF

AE L FE A0ktsol A mbF=Eo| H, 24.0~57.18, H, 23.6~55.6=, H, 23.2
~54.0%, H, 22.8~525%, whFEo] Wstd wE Zaso] 7P 2 AR

A4 =gkl 1HOR m, 56.0%, H, 544%, H, 52.98, H, 51.3E08 7ta
o

rlo

&2 7H2y 2.9%, 2.8%, 3.0%= EFSTH
F9 WD3, RE F% =dolA AR FUgke Fg 763 23, Aol 4
g
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ge F& A0ktsol A vlREio] m, 19.2~57.7E, H, 18.8~56.2%, H, 18.4~54.7
=, H, 180~532%F, vtFEo] ®Wdto] W& Faso] 7H & AR AT
deekel 1MOR [, 27.1E, H, 263%, H, 2555, H, 40TECE Zage
72} 3.0%, 3.0%, 3.1%2 LFEFRT.

& & AFA AEES Fig 773 2ow, FF WDI, vkFEo] H &
4 9 o AFe] 111y ZAEgke T4 20kts 18.6%, 30kts 40.1=, 40kts
66.8F°l™, S71&2 247t 115.6%, 66.6%= L EFSLTE

FTF WD2, mtFxo] H =1L W AFZ] 2H o) AHEgte F<5 20kts 15.0
=, 30kts 33.5%, 40kts 57.1&E0lH, S7H&& 47 123.3%, 70.4%= “eFE T

F% WD3, ntFEol m, 2149 W AFekd] 118 ZEge F45 20kts
15.7:F, 30kts 34.1%, 40kts 57.7& W, FS7t&2 224 117.2%, 69.2%= EF%:
=N
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Fig. 74 Tension of line (Group D, WD1)
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F4 AN AMF AEge Fig 787 23, Ao A
e An AMFE 4R vpREo] F Y w F<4 20kts 71.8E, 30kts 153.5

o] T 299 mREo]l md o
20kts 24.8%, 30kts 42.9%, 40kts 69.4Eo]th nlEizo] Ao W AMF A
o1y F& 40ktsol A TREo| H, 67.5~259.0%, H, 66.3~253.2%, H, 65.1
~2474F, H, 63.9~241.8F°]™, vlFFo] ¥l & FAaso| 7M1 & AA
FE M AMF MO 7, 2408% |, H, 235.2F, H, 22958, I, 223.9E 0
2 s 77 2.3%, 2.4%, 24%2 LFERSTH

&z A AdF Az Fig 799 21, Ao A

Za
, Ha A A AAdSF 3] mhRxo] B
20kts 20.7+=, 30kts 31.9%F, 40kts 48.3=°|tt. wlFEol Aol W& AAdF 2
e F5 40ktsoll A wHRE=o| H, 48.3~220.0%, H, 47.4~214.4F, H, 46.6
~208.9%=, H, 45.8~203.5+, whFxo| W3tol| e Aago] /Mg 2 AdF=
A AT 1HeE [, 2200, H, 2144=, H, 208.9E, H, 203.5E°= 7+
g2 27 2.5%, 2.6%, 2.6%= YEFSTE

]o

Fig. 803 %, Ho A
20kts 61.7=, 30kts 130.8
28] mpREEo]l B H
20kts 19.8=, 30kts 24.7+=, 40kts 38.6=°|t}. mlFFEo] o W& AXF A
AH L T 40ktsoll A wlF=o| H, 38.6~224.4F, H, 37.7~219.1%, H, 36.8
~213.8%, H, 35.9~208.7&, n}FEo] Wsto W& Hago] 7 & AdFe
A AdsF 1THe =2 g 105.8%, H, 103.0%, H, 100.3E, H, 97.6E°2 Z4
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Fig. 78 Load of bollard (Group D, WD1)
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AA bAFTERE T & AugedA 7HE 8ol & %2 Surgest

2% WD1, =& =<4 ZHol| A Surgee} Swaygh-e Fig. 813 Zow, 6A-F =%
& F Sway &%°| 7P TaFel A, 1 ¢ vEEe] md W F5 20kts
1.25m, 30kts 4.15m, 40kts 7.23me|th. F WHAE T8 & &5 Surge= v}
Fio] g, Y w < 20kts 0.07m, 30kts 0.30m, 40kts 0.48mojt}. mlFo] Ak
of M Swaygkt2 &< 20ktsollA wlEEo] H, 1.25m, H, 1.12m, A, 1.0lm, H,
0.89mo]™, o] w w}Fzo] Wslo] WE FAAES 272t 10.4%, 9.8%, 11.9%= 1}
E}Stth F<5 40ktsol A vlE=o] [, 7.23m, H, 6.93m, H, 6.64m, H, 6.37mo]H,

o] wj mpFzo] WMalol| M2 TZAagS 77 41%, 4.2%, 4.1%= JEFST

23 WD2, R E %<& 7oA Surgeet Swayite Fig. 829 oW, 6A-f =&
& % Sway &%F°| 7 Fawel Aa, 11 @} mEEe] md W F5 20kts
0.40m, 30kts 2.77m, 40kts 5.32molth. = WMAE FQFFo] & &5 SurgeE v}
Fxo] g, Y W F<Z 20kts 0.05m, 30kts 0.20m, 40kts 0.49mo]c}. wlFEzo] A<
of W& Swayate F< 20ktsollA] wEEo] H, 0.40m, H, 0.33m, H, 0.28m, H,
0.23me|™, o] wf wpFEo] Welo| W& THAeS ZH; 17.5%, 15.1%, 17.9%= Y
Elytt). Z2 40kisoll A whRio| m, 5.32m, H, 5.07m, H, 4.83m, H, 4.60mo]H,

o] uj npFzo] Wl W2 BAELE 77t 4.7%, 4.7%, 4.8%Z YERSTE

23 WD3, R E %<& 7oA Surge®t Swayzke Fig. 833 ZoH, 6Af =&
% Sway *%o] 7} HewFo] A, 11 e nEEo g ¥ 5<% 20kts
0.34m, 30kts 2.19m, 40kts 4.50moltt. F+ WA E FQoFFo] & &5 SurgeE v}
Fz=o] py Y W &% 20kts 0.08m, 30kts 0.12m, 40kts 0.11mo]t}. mlFZo] A5
of M Swaygt2 &% 20ktsollA wREEo] H, 0.34m, H, 0.29m, H, 0.25m, H,
0.21meo]™, o] o wjFEo] WM3lo WM& HAaES 27 14.7%, 13.8%, 16.0%= Y
Ebgth. F4 40ktsoll A vh=o] H, 4.50m, H, 4.28m, H, 4.07m, H, 3.87mo|H,
o] wj wpRzo] W] wWE THAES A7 4.9%, 4.9%, 4.9%= JEFRTH
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Fig. 81 Surge & sway motion (Group D, WDI1)
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Fig. 82 Surge & sway motion (Group D, WD2)
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435 AFE T¢H7}

Table 36 Max. decrement of group depending on the environment condition

Category Environment | Group A | Group B | Group C | Group D
Condition (%) (%) (%) (%)
20kts 6.0 4.6 2.0 3.7
WD1 | 30kts 7.6 3.8 3.8 3.1
40kts 8.9 3.4 3.4 2.8
Tension 20kts 5.4 4.6 0.0 3.6
of line WD2 | 30kts 7.3 3.7 4.1 3.3
40kts 8.3 3.4 3.5 3.0
20kts 6.0 4.7 3.5 3.2
WD3 | 30kts 7.6 4.2 4.3 3.8
40kts 9.2 3.9 3.7 3.1
20kts 5.2 3.9 2.8 3.1
WD1 | 30kts 7.2 3.3 3.3 2.7
40Kkts 9.0 3.1 3.1 2.4
20kts 4.6 3.9 0.0 2.9
obe%?{jard WD2 | 30ks 5.7 3.4 3.5 2.9
40kts 8.3 3.1 3.2 2.6
20kts 5.8 4.4 2.5 2.4
WD3 | 30kts 7.8 3.6 3.6 3.1
40kts 9.2 3.4 3.3 2.7
20kts 20.5 12.6 23.7 11.9
WD1 | 30kts 10.8 5.9 7.4 5.3
40kts 9.3 4.7 5.3 4.2
Motion 20kts 26.3 21.6 0.0 17.9
of ship WD2 | 30kts 11.6 6.9 10.2 6.6
40kts 9.0 5.2 6.1 4.8
20kts 22.7 27.8 24.0 16.0
WD3 | 30kts 12.3 7.3 9.7 6.9
40kts 9.9 5.3 6.0 4.9
Vertical
angle of | WD1| 20kts 14.3 13.3 11.8 12.5
mooring line
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Table 36914 AlFetQlel 2 zre] npFgo] A weE 2t 258 Az
2&S BHY, 3% WD1, &% oA ATF 14.3%, B:l% 13.3%, C1
1L

&2 Fig. 859 &
AolX AdFe] A7 7P A3, 849y =30
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Fig. 85 Max. decrement on tension of mooring line by crown height
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A 57 wEEe] BIHAE B AAVIE AT

5.1 nlFE0] AR A

S 2 Adu EAS W3 npREe] JHAIRE HAsH] fd nhEEel

H7MIARE 874 2 vk 847 FFste AAsd. WA, rhREo] HY W
®E Crown Height®] <kxiQl cH(H)Z AAsta, 4 G-D3 2

o] CH(H,)+ ¥7%7A% CEEnvironment index of crown height)e} 149}

7FA & ©S(Ship index of crown height)e] o2 EI3ATH HAEI nlFEo]

= 1 e SFEAH AU SAS FAlOl WEstofof &1r] o]

CH(H,) = CE,- CS, (5-1
Avl, CE = F4<S UERITh
CE; = CE,- CE,- CE4 CE, (5-2)
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Table 37 Environment index of crown height(CE)

J CE; Environment index of crown height
1 CE, Tidal range and level

2 CE, Sea level rise

3 CE, Embarkation and loading equipment
4 CE, Depth of water

CS,= =0l g W, A9UHIIRE (849 @S 9wt Table 383}
2ol ) AxE HAAHI, SAFFIFA RS} AR 4 Anrt B 52
W 2E AMAIRE 18T AoR HriHo A (5-3)37 ol CS.= €S, CS,,
RHEAT. Aq7)A, 08, AlFA ZE, s, AT A

€S, = S, €S, C8; €8, (5-3)

Table 38 Ship index of crown height(CS)

k CS, Ship index of crown height

1 Cs, Tension of mooring line

2 CS, Load of bollard

3 CS, Oscillation of ship motion

4 CS, Vertical angle of mooring line
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Table 39 Spring range and A.H.H.W. on domestic major port(2017)

~ |
O

e

I ]
ection @ kn

Ou

ot Port Latitude | Longitude | Spring range | A.HH.W.
(") (" EB) (m) (m)
Sokcho 38-12 128-36 0.3 0.36
Donghae 37-30 129-09 0.3 0.38
East
Pohang 36-22 129-23 0.2 0.25
Ulsan 35-30 129-23 0.5 0.61
Busan 35-06 129-02 1.2 1.84
Busan New port 35-05 128-47 1.7 1.98
Masan 35-13 128-35 1.8 1.96
Tongyeong 34-50 128-26 2.4 2.87
South Yeosu 34-45 127-47 3.0 3.51
Gwangyang 34-54 127-45 3.2 3.64
Wando Bl 126-46 34 4.00
Jeju 33-32 126-33 2.3 3.05
Seogwipo 33-14 126-34 2.5 3.24
Mokpo 34-47 126-23 4.3 4.86
Gunsan 35-59 126-34 6.6 7.23
West Daesan 37-00 126-21 7.6 8.28
Pyeongtaek 36-58 126-49 8.7 9.36
Incheon 37-28 126-36 8.7 9.27
=4 - FH FE=AR
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= 47
FEve}t B RT=
T HHET ¢F 4cm
A gee Zhzr 37.8,
A A Ao
< 747t 36.
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ol 214171 & sie™ A A=

3, 47.2, 45.7, 63.7cmE & A H o

Lo

Aafetst el gkuithel o)z} demz Fhg

oA gl

oruttel

o o
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SRR
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A s
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FeEG Wokoy

%, 2018).

Ak &3l 9A] RCP 8.5 AU oA A A
A8 Lo (West sea offshore)2] 3) <=
47.8, 47.8, 64.6cm= Elvtet A TH A 9 o=
| HlsiA = Eokon S84 W= Attt A8l H(West coast)
Hlal SA YEst

zFo] = 4cm o] 2 RCP 6.09 A
& R
| 7M=&
AT PR oF 4cm =4 AR
Aafigte 2 24 5 A THE

A 2

Table 40 Projections of sea level rise for the period(2081~2100)

Latitude | Longitude | RCP 2.6 | RCP 4.5 | RCP 6.0 | RCP 8.5
Area . 3
(°N) (" E) (m) (m) (m) (m)
Global ~ \ 0.407 0.475 0.495 0.633
[0.21-0.62] | [0.27-0.711 | [0.27-0.73] | [0.37-0.94]
0.378 0.481 0.477 0.650
Korea 33-43 1237132 1 10170501 | 10.23-0.701 | [0.23-0.74] | [0.33-0.96]
East sea 0.386 0.488 0.485 0.660
offshore | 059 130-132° 1 10 130,601 | [0.24-0.701 | [0.24-0.751 | [0.34-0.97]
East 35.5-37.5 | 129.5-130.5 0.378 0.485 0.476 0.654
coast | 37.5-38.5 | 128.5-129.5 | [0.16-0.61] | [0.21-0.71] | [0.21-0.76] | [0.31-0.97]
South sea 0.395 0.499 0.498 0.673
offshore | 520734 | 126-123.5 11010 0611 | 10.25-0.717 | 10.26-0.76] | [0.36-0.97]
South | 335-345|1265-1275 | 0.394 | 0.498 0.495 0.671
coast | 34.5-35.5 | 127.5-129.5 | [0.18-0.62] | [0.23-0.72] | [0.24-0.77] | [0.33-0.99]
West sea 0.378 0.478 0.478 0.646
offshore | 2738 | 123712551 1o na 0 ca1 | 10.23-0.701 | [0.24-0.741 | [0.34-0.95]
West 0.363 0.472 0.457 0.637
coast | SR273TD | 122571265 | 008 0 s61 | 10.23-0.67] | [0.24-0.69] | [0.34-0.91]
24 7] 4o
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H APl 299HLoading arm)S AHE3EH, 2YE U FE9} st F
o] IAAAAANE FAHH Jvh 2EGY AR JAZAA= 44 FEHH
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AR} 4 golzde AZAA Feu AHEEn. ofd wt Fig. 913 2
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g !
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Fig. 90 Loading equipment of LNG and Tanker ship
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T 109FES A H &< 15.1m, 14.7m, 14.8m, 8.1m¢] <¢F 1.09~1.22

Table 41 Design depth of water depending of ship’s type

Bulker Container ship Tanker Passenger ship
DWT(ton)| Depth(m) DWT(ton)| Depth(m) DWT(ton)| Depth(m)| GT(ton) |Depth(m)
1,000 4.5 10,000 9.0 1,000 4.5 3,000 5.0
5,000 7.5 30,000 12.0 5,000 7.5 5,000 5.5
10,000 9.0 50,000 14.0 10,000 9.0 10,000 7.5
40,000 13.0 60,000 15.0 50,000 14.0 20,000 9.0
70,000 15.0 100,000 16.0 70,000 16.0 30,000 9.0
100,000 17.0 150,000 17.5 100,000 18.0 50,000 9.0
120,000 18.0 200,000 18.5 150,000 | - 21.0 70,000 9.0
150,000 20.0 250,000 20.0 300,000 | 27.0 100,000 9.0

PIANC 7]l A A 4l Fig. 929} o] Aute] Efy AHALS E33H
A2 &<4(Static draught including trim and list), Al8}e] v Z49] &34
of w& of-f(Allowance for static draught uncertainties), X33} AHSquat
include dynamic trim), 3<=% =(Change in water density), ¥4¢= 3} X3z <l
3k %2 ZAHDynamic heel due to wind and turning), 3}8HWave response
allowance), <4 S4¢ =LA wWE of(Allowance for bed level

uncertainties) 5= ¥ sl AAHI}E=E Hust Yt}

olof me} Table 429} o] A& 10kts w]REe] Aubo] sl A3 FF
of Ay 42 HAdEF(ne LIME d4st=5 dastal glom, S¢Alnt
o] <o) 10~15ktsd -9+ 1124, 15kts o] A9+ 115819 45 A
astal o &R, T 3l folvtan(a)ol BARIel A wel F7l=
aH3NoF & e WAt 9o, yanner channeDY A9 I #e E

(sand), ¥ E(clay) 0.4m, ¢+=(rock), AF&(coral) 0.6me]al ™ E=(mud)= L& 3HA
ol HTHPIANC, 2014).
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/ DESIGN WATER LEVEL
- = T S — b i
TIDAL OFFSET DURING TRANSIT ANDMANOEUVRING ) J
REFERENCE LEVEL
ALLOWANCE FOR UNFAVOURABLE CONDITIONS %)
STATIC DRAUGHT INCLUDING TRIM AND LIST
ALLOWANCE FOR STATIC DRAUGHT UNCERTANTIES SHF'ngEO'-gTSED
GROSS CHANGE INWATER DENSITY
UNDERKEEL § SQUAT, INCL. DYNAMIC TRIM
TOHIAL CLEGE@?CE | DYNAMIC HEEL DUE TO WIND AND TURNING
CHAMNEL BED s } WAVERESPONSE ALLOWANCE
LEVEL |
| ewe ————— £ T
ALLOWANCE FOR BED LEYEL UNCERTAINTIES '
ESHE MBI somoureureo
| CHANNEL DREDGE LEVEL BLLONANCE FORBOT FACTORS
DREDGING EXECUTION T OLERANCE 1
b st
*) walues can be postive or negative

Fig. 92 Consideration on the depth of water(PIANC)

=3 : PIANC
Table 42 Depth of water depending on the ship’s speed and swell
Vessel Significant Channel Inner Outer
speed wave height(H,) bottom channel channel
< 10kts 1.10 T
10~15kts None - 112 T -
> 15kts 1.15 T
Low swell
H < 1m 1.15~1.20 T
Moderate swell
All Im < m. < 2m - - 1.20~1.30 T
Heavy swell
"> 2m 1.30~1.40 T
Mud None None
All All Sand/clay 0.4m 0.5m
Rock/coral 0.6m 1.0m
=3 : PIANC
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= A9 AR AR Ad 2 gdE e dAEHe =7, HojgE ¥
g, #Hlojg=y FEWE, #EAF Fo F&E JFs FA FHFHAY,
2014). ool we}, FHrduke] EAS Fotste] A FAY Ad, g AR
3kar, T1o) wE kA ALR-s==(Safety Working Load, S.W.L)& & sle]of 3o},

AR AN 7HE Bol ol8H A A= AR At FE vhEolxl

A $(Synthetic fiber) Ao oW, 71 FEFEE Z 7o) 2H Z(Polyester),
o 2(Nylon), =] 29 3 (Polypropylene) 5o°] Uth.

Lo
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e of
Wate] AFeol o wE AFHol Fomz, Fen Pl FLsky %
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Table 43 Minimum Breaking Load of synthetic fiber rope

, Diameter | Polyester Nylon Polypropylene
Rope size No.
(mm) (ton) (ton) (ton)
1 8 0.9 1.2 0.9
2 16 3.7 4.8 3.1
3 24 8.2 11 6.7
4 32 14 18 11
5 40 22 27 17
5.5 44 26 32 21
6 48 30 38 25
6.5 52 35 44 28
7 56 40 50 32
7.5 60 45 57 37
8 64 52 65 42
9 72 65 81 53
10 80 80 99 65
11 88 95 118 78
12 96 113 139 92

AT AH o] bHdANESts 2 Table 449} o] AlF2te] Ao wig} BF
A 3F5(Design Load, DL)2] 0.45~0.5581 2, AAsls2 gy go}h A
3} 7]4<1 ISO(nternational Organization for Standardization)ol] W=+ <}
oloj(Wire) Aj&o] =2 <IAHAESIETS o] 50%0lH, FEFopr=
(Polyamide) #j 29| Z = utte o] 45%, 7]el &4/d-H(Other Synthetic) A&
o] 2x s gdg o 50% AHS-S dAasta JTHOCIMF, 2008).

Table 44 Safety working load of mooring rope

Material S.W.L SF(M.B.L/S.W.L) X M.B.L

Wire Highest load 1.82 0.55

) calculated for
Polyamide 2.22 0.45
adopted standard
Other Synthetic environmental criteria 2.00 0.50
Z*] . OCIMF
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Bollard Bitt

Fig. 93 Bollard and bitt in the Busan international passenger terminal
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Table 45 Recommended motion criteria for safe working conditions

G Cargo .
(1; <hin's tvoe handlin Surge | Sway |Heave| Yaw | Pitch | Roll
n| SPe P T m  m | m | ey e e
D equipment
side ramp 0.6 0.6 0.6 1 1 2
dew/storm
Ferry’ 0.8 0.6 0.8 1 1 4
A ramp
RO/RO Ship
link span 0.4 0.6 0.8 3 2 4
rail ramp 0.1 0.1 0.4 - 1 1
100%
. 1.0 0.6 0.8 1 1 3
5 Container efficiency
ship 50%
- 2.0 1.2 1.2 15 2 6
efficiency
Bulk carrier | Ship’s gear 1.0 1.2 0.6 1 1 2
<10,000(OWT) quarry cranes| 1.0 1.2 0.8 2 1 3
General
cargo shi
80 S : 20 15 | 10 | 3 | 2 | 5
5,000~10,000
C (DWT)
Bulk carrier |crane elevator| 2.0 1.0 1.0 2 2 6
30,000~
bucket wheel | 1.0 0.5 1.0 2 2 2
150,000
(DWT) conveyor belt| 5.0 2.5 - 3 - -
Tanker loading arms | 3.0 3.0 - - - -
D | LNG carrier | loading arms | 2.0 2.0 - 2 2 2
A s gt
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MugAAEe o5 AR FHZE ovistel, vhzold] meh Hu
ARerele] sazte] WEAT. npREolrt AYHE HEe] AuFe] Bolw
1

eeplmz AT B4 Aolo] AR £H7 wd gas Hok

E1r(OCIMF, 2008). =3k, £27F 60° 4 W FEAY &
60° & 23 o] %Y AEA LS F43] TAsHA Ho 70° d u 34%, 80° ¥
o) 17%2 ZA =)

w3t m)=9o] UFC 4-159-03(Design : Moorings)oll A Al F2kele] Hj
n 2= gy RulES F4-s 98] AlFEelel Zolrt nlst=S
of stH, AlFA Aol &S Eol7] 9l AR FAAGL volok gk
I HAE o] hU. S. Department of defense, 2005).
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Fig. 94 Efficiency of mooring rope by vertical angle of

mooring line
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Table 46 Evaluation standards on ship index of crown height

CsS, (%) CS, (%) CS,(%) CS,(%)
a Value
ass (VL) | Tension of Load of Oscillation of |Vertical Angle of
Mooring line Bollard ship motion Mooring Line
1 0.0 50=cs, 80= ¢s, 100= ¢s, 67<CsS,

2 | 02 | 40=cS,<50 | 64=5,<80 | 80=(5,<100 | 54< (S,<67

3 0.5 | 36=<05,<40 | 48<(s,<64 | 60= CS,<80 40= ¢s,<54

4 | 08 | 30=05,<36 | 40=(CS5,<48 | 50=(S,<60 | 33=<(S,<40

5 1.0 CS8,<30 CS,<40 CS,<50 CS,<33
Standard on | e - oo IMO PIANC OCIME
application
SWL= SWL= Applicable | Recommendation

Safety factor | yi B 1. x50% | M.BLx80% | motion=100% Angle<30° (33%)

F2e 18T o= o.2sq ﬁw}ag B —s}gagrq, 353
=

0.59] ‘5]7]'111\’% B3ty 4538 9 kA3

‘jo‘(Brain Storming) FAFANA =&FH wl-$ A FFo] Fro = 1.09 HIgk

Fof st

5% A=A 21 sty B S 50% BEE @A FEoE Austa 9
o g 50% AlES AlFate] AR B AR meh seEe AeA
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9 AHS 05,5 FA MO 71ENA ARE A8 ANF E4

o] 44 B FEOE AW AAYY 80% PEE FAS
oo weh el Akl 40% AL Wlg AR T
AAF8F AEQ] €S,= PIANC 7|&odA AF R stdAuE=E HA 644
%

ARstgom, 5g Moo Al 50% FEE v Qb

AFerd #2424 A% cs,E A 90° S 100%2 st AHNER
abstgiom, OCIMFel =u) vk Bl ofg AAIZ|EClA =ae FHtsh= B
o] 25° (28%)F T3t 30° B3WE =HetA A=F At 3
o olel wek 30° ojet FEL wlg dXF FRoE M
 AFAre] FB84H L 50% olst2 wl-g ZHAdt
°]& B7Hgtel 0°] e FRIo= A3
po A AMPETERRe] HIb el we EEd WUMae
= 24F 9 AR 2Y oS,

iz
F A9 5,9 Fol 247 IFFOE HANW BGe 27 050
=

123 Table 479 whfo] 9% H77|IE0 wet CcH(H)#S Y A=
£ STAIE HU1sg mhEEo]l ¥=E 0.2 zo|E Very High Risk, High
Risk, Moderate Risk, Low Risk, Very Low Risk®Z F&% ™, CH(H,) 7%l 0
of J7he W @, 19 Ake W O APEIL gashe Ao Wrhdh

& =9, BT WFFIAEV aHHO CE;=1°] Hi, olo| m&}
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CH(H;) = CS;& ™, 2 CS;, B7Hkel aldst= Bl w2t CH(H,)]
gtk Al el cs, HI7Hgakel 5ol sldsta, st ¢s,ol 45H5Y 4
1.0 x 1.0 x 1.0 x 0.8 = 0.82.& Very Low Riskell adsta, 5 718 c¢s,
7 gkol Sewel sidsta, F /M9 cs,ol 4559 4% 1.0 X 1.0 X 0.8 X
0.8 = 0.64= Low Riskell s|@stct. =3, F 719 ¢S, H7Fgke]l 555 e
st UwA ¢S, Hrkgkeol 42t 454, 35 5Y A% 10 x 1.0 x 08 x 05

=0.4= Moderate Riskell 3i@3tH, B ©S, H7Hgkel 45g slidste] 0.8Y

=3
=
[e)

5

749 0.8 =0.40960] 2.2 o] =3+ Moderate Riskoll adstA =t}

stuel ¢S, #7rakel bewel allgdsta UwA s, BIhgkel 455, 359
d H9 10 x 0.8 x 08 x 05 =032, 1.0 x 0.8 X 05 x 0.5 = 0.20=
High Riskell ai3stH, 3552 Sy B7Hgkel Al 7 o]dd A% 1.0 x 05 X
0.5 x 05 = 0.125% Very High Riskol sl&sim, 255 s, Brlgkol 3kt
olgd AS yUwA M e ¢S, BIIEkel BT S5Twl BSE AYsaie
1.0 X 1.0 X 0.8 X 0.2 =0.162% 2E ZHol|A Very High Riskel 3l 33t}
, BE SAHE7Ie AV aHEHA, 4 oS, 247F AutgTEA e 4550l
U S55g°ol EF sdEHAY, sty 05,847 355Y AT 45w 84E
sty olsh, UYWA= Segol sidEejoF 1.0 X 1.0 x 08 X 05
Moderate Risk ©]49] nt#iEo] APEE SR & Juh. =3 3559 ¢S,71
F 7N ol el AY 2559 cs, 7t stvEt= &A1 = High Risk 2 Very
High Riske] $1% %ol slgsi o,

Table 47 Risk level evaluation standards of crown height

CH(H,) Risk Level
00 < cH <02 Very High Risk
02 < cm <04 High Risk
04 < cH <06 Moderate Risk
06 < cH <08 Low Risk
08 <= cH <10 Very Low Risk
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D aF=4d

ATEe okl 10EF T2
H,, H,, H,, Ho°| & cs, AF2 ZH, s, 71] d
cS, AR FAZ HAigMax)H B 7Egh(VL), 1ol ot
HI7IA 3% CH#H-S Table 483 #ti.

r—u rﬂ

dele oA wEFEol
T A9, cs, AA T8,
=

np2=o] oA A

F& 0kis ool 2ANAE rhREel ol 4Bl BE FF 2ANA
CH#%Z 00] Hglom, o= F<5 30kts ©]/¢e] npgho] FFolA Fkdulr wak
o8 ¥ 0 09EF AT2H A BE AFLAY GRS FRHY) o

Aok omz A4 + Ak

5 20ktsY W FF E mFE=old wWE otk Fig. 959 ow, F3IF
WDMW nfEzolo] We cpate B, W 02, 7,9 w 032, m£,Y W 0.5,
d o] 0.52 A=A vlFEo]l= Moderate Riske] 0.4 o] de HA U}—E%%Olol
mﬁ.ﬁ@§~rkﬁk & WD2olA wmhFszololl mE cH#S H, Y W 04,
H,Q w 05, H£,Y w 05 H,Y = 0509, &g WD3olA U}EEOIOH w2
CH#S H,Y W 04, A,Y9 W 04, A,¥ o 04, H,Y @ 0.5°]t}. WD2<2} WD3
o] FTF =AM HA wFE=ole CcH#Ol 04 oo He HaA vpFEoldl
Hol HH, BE F3F A cHaFel 04 o] He AA HA vpFEole
SfH I ZAA 3m HFEH H,OE ARZE F UTh

1.0

0.9
0.8
0.7
0.6

0.5 0.5 0.5 0.5 0.5 0.5
05

Value of CH

0.4
0.3
0.2
0.1
0.0
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Crown height on wind direction

Fig. 95 Results of CH by environment condition (Group A)
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Table 48 Results of risk level evaluation on ship index(Group A)

tem Wind | CS, (%) CSy(%) CS, (%) CS, (%)
H. | Speed CH

WD (kts) | Max | VL | Max | VL | Max | VL | Max | VL
20 | 26 | 1.0 | 43 [ 08 | 73 | 05 | 49 | 05 | 0.2
H | 3 | 65| 0 | 8 | 0 | 257 0 | 48 [ 05| 0
40 [ 118 | 0 [ 138 | 0 | 447 0 | 46 | 05| 0
20 | 25 | 1.0 | 41 | 08 | 58 | 0.8 | 47 | 0.5 | 0.32
Hy| 30 | 65| 0 | 80 | 0 | 23] 0 | 4 | 05| 0
WD1 40 [ 118 0 [129 ] 0 |[412] 0 | 4 | 05| 0
20 | 24 | 1.0 | 39 | 10 | 48 | 1.0 | 44 | 05 | 05
H,| 30 | 64| 0 | 75 [ 02207 0 | 43 05| 0
40 [ 118 0 [120 ] 0 [ 373 0 | 42 [ 05| 0
20 | 23 1 1.0 | 37,010 | 40 | 1.0 | 42 | 05| 05
H, | 3 | 63| 0 | 70 0218 0 | 4 | 05] 0
40 [ 117 | 0 [ 112 0 [ 340 0 | 40 | 05| 0
20 | 23110 | 397 10 | 521 08| 49 | 05 | 04
H'| 3 |55 | 0 |8 | 0 |22 0 | 48 05| 0
40 | 98 | 0 | 133 0 | 402 0 | 46 | 05| 0
20 | 221 1.0/ 37 ["10 | 42110 | 47 [ 05 | 05
Hy 30 | 54| 0 | 7 |02 202 0 | 4 | 05| 0
WD2 40 | 97 | 0 [ 126 | O |368| 0 | 4 | 05| 0
20 | 21} 1.0 [ 365,10 | 32 | 10 | 44 | 05| 05
Hy,| 30 | 53 0 [ 72 /02178 0 | 43 05| 0
40 | 96 | 0 [ 119 0 [33% | 0 | 42 05| 0
20 | 20 | 1.0 [ 34110 | 23 | 1.0 | 42 | 05| 05
H, | 3 |52 0 | 6802|160 0 | 4 | 05] 0
40 | 94 | 0 [113] 0 [ 305 0 | 40 | 05| 0
20 | 28 | 1.0 | 45 [ 08 | 47 | 10 | 49 | 05 | 04
H'| 3 [ 711 0 | 9 | 0 |212] 0 | 48 [ 05| 0
40 [ 124 0 [ 145 ] 0 387 0 | 46 | 05| 0
20 | 28 | 1.0 | 43 [ 08 | 37 | 1.0 | 47 | 05 | 04
Hy 30 | 70 ] 0 | 8 | 0 190 0 | 46 | 05| 0
WD3 40 [ 123 0 [ 136 | 0 353 0 | 4 | 05| 0
20 | 27 | 10| 4 |08 | 28 | 10| 44 | 05| 04
H,| 30 | 70 | 0 | 79 [ 02167 0 | 43 [ 05| 0
40 [ 121 0 [127] 0 | 318 0 | 42 | 05| 0
20 | 26 | 1.0 | 39 | 1.0 | 23 | 1.0 | 42 | 05| 05
H, | 3 | 69| 0 | 74 [ 02148 0 | 4 | 05] 0
40 [ 120 | O | 118 | O | 288 | 0 | 40 05| 0
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Table 49 Sample of DWT 100,000ton Container ship

Company Ship’s Name DWT(ton) | GT(ton) | LOA(m) | B(m)

HMM Hyundai Faith 98,967 94,511 339.6 45.6
CMA CGM | CMA CGM TOSCA | 101,818 | 91,410 334.1 42.8
Hapag Lloyd | Hanover Express 103,760 93,750 335.5 42.8
Maersk Maersk Stepnica 107,978 92,293 334.1 42.8

& WD2oA mpFEolo] WE CcHES H, ¥ W 032, A,¥ W 032, H,<Y
o 04, H,YE = 040, F3F WD3 A U}—E% ol ME cH#S H,Y W 04,
HY o 04, 7,€ W 0.4, 4,9 ® 0.40]th. WD2¢} WD3e] F&F =A A
n}#=o]= Moderate Risk?l 0.4 o]/de] & i viE=o|Qd H7F =W, WDI
S ALY nE Fd zANA CcHZEOl 0.4 ool HiE= HAA HA nfFEEol=
FHITIZFLANA 3m FFE H,OE AT S dTh

0.4 0.4 0.4 04 04 04

Value of CH

032 0.32

Hy H, H; Hy | Hy H, H; Hy | H H, H; H,
WD1 WD2 WD3

Crown height on wind direction

Fig. 96 Results of C'H by environment condition (Group B)
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Table 50 Results of risk level evaluation on ship index(Group B)

Item Wind | CS, (%) CSy(%) CS5 (%) CS, (%)
H. | Speed CH
WD (kts) | Max | VL | Max | VL |Max | VL | Max | VL
20 19 | 1.0 | 66 | 0.2 | 102 | O 39 | 0.8 0
H | 30 42 102 140 ] 0 334 ] O 38 | 0.8 0
40 69 0 232 ] 0 [ 577 O 37 | 0.8 0
20 19 | 10 | 65 | 0.2 | 9 | 0.2 38 | 0.8 | 0.032
H, | 30 40 1 02 136 | 0 315 ] O 37 | 0.8 0
WD1 40 67 0 226 | 0 [550 | 0 34 | 0.8 0
20 18 110 | 63 |05 79 05| 36 | 08 ] 0.2
H; | 30 39 05132 0 297 0 34 | 0.8 0
40 65 0 220 0 [524 | 0 33 | 0.8 0
20 18 1 1.0 | 61 | 05 | 69 | 05| 34 | 08 | 0.2
Hy | 30 38 | 05128 | 0 | 279 | O 33 | 0.8 0
40 63 0 214 0 1500 O 32 | 10 0
20 18| 1.0 | 62 | 0.5 | 57 | 0.8 | 39 | 0.8 | 0.32
H | 30 38 051134 | 0 | 263 0 38 | 0.8 0
40 64 0 1226 0 481} 0 37 | 0.8 0
20 17 1.0 | 59 | 05 | 50 | 0.8 | 38 | 0.8 | 0.32
H, | 30 37 | 05 129 | 0 [ 247 | O 37 | 0.8 0
WD?2 40 62 057219, 074571 ' 0 34 | 0.8 0
20 16 | 1.0 | 57405 ] 43 |10 | 36 | 08 | 04
H; | 30 36 | 05125 0 | 230 O 34 | 0.8 0
40 60 0 212 0 1433 0 33 | 0.8 0
20 16 | 1.0 | 55 {05 | 33 | 1.0 | 34 | 08 | 04
H, | 30 34 108 121 0 [ 214] O 33 | 0.8 0
40 58 0 206 0 [411] O 32 | 1.0 0
20 17 |10 | 61 | 05| 30 | 1.0 | 39 | 08 | 04
H | 30 38 05131 0 | 220 O 38 | 0.8 0
40 63 0 [ 222 0 420 O 37 | 0.8 0
20 17 | 10 | 59 | 05 | 22 | 1.0 | 38 | 0.8 | 04
H, | 30 36 05127 0 | 204 | O 37 | 0.8 0
WD3 40 61 0 216 | 0 [398 | O 34 | 0.8 0
20 17 | 10 | 57 | 05 | 16 | 1.0 | 36 | 0.8 | 0.4
H; | 30 35 08123 0 |18 | O 34 | 0.8 0
40 59 0 210 0 [ 378 O 33 | 0.8 0
20 16 | 1.0 | 56 | 05 | 13 | 1.0 | 34 | 08 | 0.4
Hy | 30 34 1 08 120 0 | 176 | O 33 | 0.8 0
40 57 0 204 0 |38 0 32 | 1.0 0
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CaF9 tidduel 10%tEw dade] 7+ A 9Y oA mfF=o] m,
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F& 0kts o1 ZANAE vhREe] mo JBGl RE FF 2N
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o B u 10%EF WA A9 BE AFLAY AL BRI ofF

g o AT 5 Ut

T4 20kts o FF 9 mpFEFold wWE ot Fig. 97 Zow, FIF
WD1o| A mfFEolo WE cHHES H Y W 04, 7,Y w) 04, H,Y W 04, H,
d o 0.642 HA vlF=o]= Moderate RiskQl 0.4 o] g2 FHA vfF=o|Ql H,
o8 MR 4 ok T WD2oIA vlEEold mE crgte 7Y W 05, H,
d o 0.5 A, wf 0.5, H,Y W 080w, T3 WD3AA wmpFEold ©E CH
e g o 04, £,Yd w04, B, w 04, £,Q W 0.640]T) RE =g =
Aol A cHgrel 04 ool He AA Ha mkbFEole dHiiux oA Im
AEE g o2 AAY 5+ ok

1.0

0.9
0.8
0.8

0.7 0.64 0.64

0.6

0.5 0.5 0.5
0.5

Value of CH

0.4
0.3
0.2
0.1

0.0
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Crown height on wind direction

Fig. 97 Results of CH by environment condition (Group C)
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Table 51 Results of risk level evaluation on ship index(Group C)

tem Wind | CS, (%) CSy(%) CS, (%) CS, (%)
H. | Speed CH
WD (kts) | Max | VL | Max | VL | Max | VL | Max | VL

20 17 | 10 | 43 | 08 | 38 | 1.0 | 43 | 0.5 | 04

H | 30 35 | 0.8 | 88 0 | 313] O 42 | 0.5 0

40 58 0 143 | 0 | 591 | O 41 | 0.5 0

20 16 | 10 | 42 | 08 | 29 | 1.0 | 42 | 0.5 | 04

H, | 30 34 | 0.8 | 8 0 1291 O 41 | 0.5 0

40 56 0 139 | 0 | 561 | O 38 | 0.8 0

WDl 20 | 15 | 10 | 41 | 0.8 | 23 | 1.0 | 40 | 05 | 04

Hy | 30 33 | 0.8 | 83 0 1270 ] O 38 | 0.8 0

40 54 0 135 | 0 | 531 | O 37 | 0.8 0

20 15 110 | 40..,.08 | 18 | 1.0 | 38 | 0.8 | 0.64

H, | 30 32 | 0.8 | 80 0 1250 ] O 37 | 0.8 0

40 52 0 131 ] 0 ] 503 | O 36 | 0.8 0

20 1310 |38 | .10 | 20~ 10 | 43 | 0.5 | 0.5

H | 30 26 1.0 | 70 | 02 | 203 O 42 | 0.5 0

40 43 1 02 | 116 | O | 444 | 0 41 | 0.5 0

20 M= 10/} 38 |"1.00} 10310 | 42 | 0.5 | 0.5

H, | 30 o Wy P gmuy, e QY 41 | 0.5 0

40 V) e ON 2 s e N ? A A 38 | 0.8 0

WD2 20 | 14 1.0°7 38 | 10779 | 1.0 | 40 | 05 | 05

Hy | 30 24 1 1.0 | 65 | 0.2 166 | O 38 | 0.8 0

40 40 | 02 1109 | O | 393 | O 37 | 0.8 0

20 14 | 10 | 38 |10 8 10 | 38 | 0.8 | 0.8

H, | 30 23 1 1.0 | 63 | 05 | 149 ] O 37 | 0.8 0

40 39 105 106 0 39| 0 36 | 0.8 0

20 17 | 10 | 45 | 08 | 36 | 1.0 | 43 | 0.5 | 04

H | 30 35 | 0.8 | 88 0 223 0 42 | 0.5 0

40 58 0 144 | 0 | 471 | O 41 | 0.5 0

20 17 | 10 | 4 | 08 | 30 | 1.0 | 42 | 0.5 | 04

H, | 30 34 | 0.8 | 8 0 1204 O 41 | 0.5 0

WD3 40 56 0 140 | 0 | 444 | O 38 | 0.8 0

20 16 | 10 | 43 | 08 | 25 | 10 | 40 | 0.5 | 04

Hy | 30 33 | 0.8 | 82 0 186 | 0O 38 | 0.8 0

40 54 0 136 | 0 | 418 | O 37 | 0.8 0

20 6 | 10 | 42 | 08 | 19 | 1.0 | 38 | 0.8 | 0.64

H, | 30 32 | 0.8 | 80 0 168 | 0 37 | 0.8 0

40 53 0 132 1 0 | 393 0 36 | 0.8 0
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e ofmz A 4 A

¥4 20ktsY o ¥ 9 vpEEold WE cH@S Fig 987 zow, ¥
WDl A wpRZolo] M2 cazk2 HY W 0.2, H,¥ o 064, H,Y w 0.64,
d o 082 AA wiFEole Moderate Riskql 0.4 oo HA u};—a ]2l
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Fig. 98 Results of CH by environment condition (Group D)
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Table 52 Results of risk level evaluation on ship index(Group D)

tem Wind | CS, (%) CSy(%) CS, (%) CS, (%)
H. | Speed CH
WD (kts) | Max | VL | Max | VL | Max | VL | Max | VL

20 21 1 1.0 | 48 | 05 | 63 | 05 | 33 | 0.8 | 0.2

H | 30 45 102 102 0 | 208 | O 32 | 1.0 0

40 74 0 173 | 0 | 362 | O 31 | 1.0 0

20 20 | 1.0 | 47 | 0.8 | 56 | 0.8 | 32 | 1.0 | 0.64

H, | 30 43 | 0.2 | 100 | O 197 | 0 31 | 1.0 0

40 72 0 169 | 0 | 347 | O 30 | 1.0 0

WDl 20 | 10 | 10 | 45 | 0.8 | 51 | 0.8 | 30 | L0 | 0.64

Hy | 30 42 | 02 | 97 0 187 | 0O 30 | 1.0 0

40 70 0 1656 | 0 | 332 | 0 29 | 1.0 0

20 19 110 | 44,108 | 45 |10 | 29 | 1.0 | 0.8

H, | 30 41 | 0.2 ] 95 0 [ 177 | O 28 | 1.0 0

40 69 0 161 | 0 319 O 28 | 1.0 0

20 17 .10 | .39 | 10 | 204 10 | 33 | 0.8 | 0.8

H | 30 37 1 05 | 86 0 139 1 0 32 | 1.0 0

40 63 0 147 | 0 | 266 | 0O 31 | 1.0 0

20 = 104y 3 W Ogn 17 "F0 | 32 | 1.0 | 1.0

H, | 30 36 | 05 | 83 0. 130 | 0 31 | 1.0 0

40 62 0 T Gpmin, Q204 58 0 30 | 1.0 0

WD2 20 | 16 10" 375 L 10714 | 1.0 | 30 | Lo | L0

Hy | 30 35 | 0.8 | 81 0 122| 0 30 | 1.0 0

40 60 0 13910 | 242 | 0 29 | 1.0 0

20 15 110 ) 3 |10 | 12 | 10 | 29 | 1.0 | 1.0

H, | 30 34 108 | 79 |02 114 ] O 28 | 1.0 0

40 58 0 136 | 0 | 230 | O 28 | 1.0 0

20 17 | 10 | 41 | 08 | 17 | 1.0 | 33 | 0.8 | 0.64

H | 30 38 | 05 | 87 0 110 | O 32 | 1.0 0

40 64 0 150 | 0 | 225 | O 31 | 1.0 0

20 17 | 10 | 40 | 08 | 15 | 1.0 | 32 | 1.0 | 0.8

H, | 30 37 | 05 | 8 0 102 | 0O 31 | 1.0 0

WD3 40 62 0 146 | 0 | 214 | O 30 | 1.0 0

20 17 110 | 39 |10 | 13 | 1.0 | 30 | 1.0 | 1.0

Hy | 30 36 | 05 | 83 0 9% | 0.2 | 30 | 1.0 0

40 61 0 143 | 0 | 204 | O 29 | 1.0 0

20 17 110 | 38 | 10 | 11 | 1.0 | 29 | 1.0 | 1.0

H, | 30 35 | 0.8 | 81 0 89 | 02 | 28 | 1.0 0

40 59 0 139 | 0 194 | 0 28 | 1.0 0
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Table 53 Optimal min. crown height of ship’s group
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Table 55 Suggestion the design criteria of crown height

Cate Environment Ship Criteria of
gory (VE) (VS) crown height
- Tidal range + S.L.R « Derive optimal height(Ht) | « Value of crown
Factor (Sea Level Rise) above AHHW. height( V)
*VE=AHHW. + RCP6.0 | » VS =Ht above AHHW. | «vH=VE + VS
- S.L.R should be higher than max. standard of RCP 6.0 by IPCC.
- Appropriate crown height for cargo equipment should be considered.
Re | — Depth should be satisfied for standard of Harbour Design Criteria.

mark | - Ht of Vs factor : Mooring safety assessment — Risk level evaluation
- Factors of Mooring safety assessment : Mooring line, Bollard, Motion,

Vertical angle of mooring line

- sl ARt IPCCE) RCP 6.0 Hulgk /1% ol 4+g wdsholol &
- sied Al ALEe 919 AA vpRols) mejsojor @
- R 9 og AAYIEY 4 NEE BEelo
W muresel mol Andny Wt AoE vheEel AUE szl
gstel =Eshoiol @
- ARRA WA BB AR, ANE, AT, Avakl +47
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71+ 71X Y 1.19~2.19m Z3Fd uwEEo|7t =&
Z9 54, 2080d RCP 6.0¢9 3is+H s AE, 519
LNGH 9| E4o] wge vhFxol

20809 RCP 60 58 4% % A A W0WEF AeolLiH
U FouT QPHA RN F1E HATEe )@ whEko] ghA), A
MA@ PhREo] ZB)F T ZFlZHB-A)S Table 563 2t

g

Table 56 Comparison between present and suggested crown height on the
domestic major port(Container ship)

A B B-A

Spring | A.H. | Present | Suggested | Difference

Coast Port range | HW. crown crown | value between
(m) (m) height height present and

(m) (m) suggested (m)
Sokcho 0.3 0.36 | 1.36~2.36 4.12 1.76~2.76
East Donghae 0.3 0.38 | 1.38~2.38 4.14 1.76~2.76
Pohang 0.2 0.25 | 1.25~2.25 4.01 1.76~2.76
Ulsan 0.5 0.61 | 1.61~2.61 4.37 1.76~2.76
Busan 1.2 1.84 | 2.84~3.84 5.61 1.77~2.77
Busan New port | 1.7 1.98 | 2.98~3.98 5.75 1.77~2.77
Masan 1.8 1.96 | 2.96~3.96 5.73 1.77~2.77
South | Tongyeong 2.4 2.87 | 3.87~4.87 6.64 1.77~2.77
Yeosu 3.0 3.51 | 4.01~5.01 7.28 2.27~3.27
Gwangyang 3.2 3.64 | 414~5.14 7.41 2.27~3.27
Wando 3.4 | 4.00 | 450~5.50 7.77 2.27~3.27
Mokpo 4.3 4.86 | 5.36~6.36 8.55 2.19~3.19
Gunsan 6.6 7.23 | 7.73~8.73 10.92 2.19~3.19
West Daesan 7.6 8.28 | 8.78~9.78 11.97 2.19~3.19
Pyeongtaek 8.7 9.36 | 9.86~10.86 | 13.05 2.19~3.19
Incheon 8.7 9.27 | 9.77~10.77 | 12.96 2.19~3.19
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1093 Adelide] B35 712 A7 1Ze whRiel g3t Ak HAY)
Zo| niRo] go Aolt el w 176~327m BA =AU

2080 RCP 85 3l+® % o5 Hulgks YA 100EF Baxde) =)
Fagw dPAHGALAA 71E AATIEA 4T vhEEe] G, AL A7
712 9% vheEo] B 1 Ao|F(B-A) Table 573 Zth thiadutel
A% 71E AAEe vhREol gk ALE AAVIES vkl ghel Aol
grol] wel -0.03~14ImAE=Z B4 = AT

Table 57 Comparison between present and suggested crown height on the
domestic major port(Bulker)

A B B-A
Spring | A.H. | Present | Suggested | Difference
Coast Port range | H.W. crown crown | value between
(m) (m) height height present and
(m) (m) suggested (m)
Sokcho 0.3 0.36 | 1.36~2.36 2.33 -0.03~0.97
East Donghae 0.3 0.38 | 1.38~2.38 2.35 -0.03~0.97
Pohang 0.2 0.25 | 1.25~2.25 2.22 -0.03~0.97
Ulsan 0.5 0.61 | 1.61~2.61 2.58 -0.03~0.97
Busan 1.2 1.84 | 2.84~3.84 3.83 -0.01~0.99
Busan New port | 1.7 1.98 | 2.98~3.98 3.97 -0.01~0.99
Masan 1.8 1.96 | 2.96~3.96 3.95 -0.01~0.99
South |  Tongyeong 2.4 2.87 | 3.87~4.87 4.86 -0.01~0.99
Yeosu 3.0 3.51 | 4.01~5.01 5.50 0.49~1.49
Gwangyang 3.2 3.64 | 414~5.14 5.63 0.49~1.49
Wando 3.4 | 4.00 | 450~5.50 5.99 0.49~1.49
Mokpo 4.3 4.86 | 5.36~6.36 6.77 0.41~1.41
Gunsan 6.6 7.23 | 7.73~8.73 9.14 0.41~1.41
West Daesan 7.6 8.28 | 8.78~9.78 10.19 0.41~1.41
Pyeongtaek 8.7 9.36 | 9.86~10.86 11.27 0.41~1.41
Incheon 8.7 9.27 | 9.77~10.77 | 11.18 0.41~1.41
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