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A Study on the Improvement of Mooring System of
New Training Ship ‘HANNARA’

Kim, Suyong

Department of Offshore Plant Management
Graduate School of Maritime Industries
Korea Maritime & Ocean University

Abstract

The trend of ship size enlargement is continuing, according to the change
of management environment of shipping industry, development of
shipbuilding industry and various regulations of International Maritime
OrganizationIMO). In order to reduce transportation costs, mega ship is
being introduced that can carry a large amount of cargo at a time, and
according to environmental regulations, the ship is gradually becoming
larger for the installation of exhaust gas related equipment, the installation
of LNG propulsion system and etc. Training Ship, which is operated for
education and training of trainees based on the STCW convention, is also
becoming larger for responding to strengthening safety and environmental

regulations, and for improving the efficiency of practical training.

As the trend of ship size enlargement, the mooring facilities of the wharf

should be expanded accordingly, but due to lack of investment, lack of

- viii -
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wharf and berth, and other reasons, there are frequent cases where the
ships exceeding the design berth capacity of the wharf are berthed at the
wharf. HANNARA(9,196GT), a training ship of Korea Maritime & Ocean
University, is also mooring in excess of 3,640GT design berth capacity of
dedicated wharf. This poses a serious threat to the mooring safety of the
ship as well as damage to berth facilities, which can lead to a major

accident.

In this study, using the mooring analysis program(OPTIMOOR), the
mooring safety of the ship and the safety of the mooring facilities was
evaluated for the HANNARA(9,196GT) which uses the dedicated wharf of
3,640GT design berth capacity. For accurate evaluation, actual wharf and
ship were modeled, and mooring analysis was carried out according to the
various external force environments that could occur at the target wharf
and the changes in the mooring system(mooring lines and mooring
arrangement) of the HANNARA.

Through the mooring analysis, the safety of mooring bollard and fender
of the wharf and the safety of mooring lines, loading safety and mooring
limit of the HANNARA were analyzed and reviewed and improvement of
mooring system of the wharf and ship was proposed based on evaluation
results. And it was proposed to use risk matrix based on the evaluation
data to analyze the mooring safety and mooring limits of the ship according
to external force conditions and to perform appropriate mooring safety

measures.

KEY WORDS: HANNARA, Evaluation of Mooring Safety, Mooring Analysis, Mooring
System, Risk Matrix
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Table. 1 Facility Status of KMOU Training Ship Wharf
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Table. 2 Tractive Force acting on Mooring Bollards

Aere) FEX(GT.E) AFo Z&3te dJAY | FFd FALse AdY
kN, {t}) kN, {t})
200% o]4F 500% o3} 150 {15} 150 {15}
500 7 1,000 7 250 {25} 250 {25}
1,000 7 2,000 350 {35} 250 {25}
2,000 » 3,000 350 {35} 350 {35}
3,000 » 5000 500 {50} 350 {35}
5,000 » 10,000 ~ 700 {70} 500 {50}
10,000 » 20,000 7 1,000 {100} 700 {70}
20,000 » 50,000 1,500 {150} 1,000 {100}
50,000 » 100,000 » 2,000 {200} 1,000 {100}
100,000 » 150,000 » 2,000 {200} 1,500 {150}
150,000 » 200,000 7 2,500 {250} 1,500 {150}
200,000 » 250,000 » 2,500 {250} 2,000 {200}

22 G g AFUAE $

Fig. 3 Training Ship ‘HANNARA’
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Table. 3 General Particulars of ‘HANNARA’

Item Description
A (Ship’ s Name) b2 (HANNARA)
ZE5 (Gross Tonnage) 9,196 GT
A% (L.0.A) 133.00m
AR (L.B.P.) 120.00m
g Z (Breadth) 19.40m
4% O T Do T
HAEF (D.LW.L) 6.40m

"k =AY
Aute ELE M 3= (Special Purpose Ship Code)E # 83t AAHACH,

= A AHZFHIMO)e] @A grAlol  wEk B A ZZABWTS), AaAtstE
AZZAGCR) & HASAL, A5 u5 3 FHY =

o

=

AFTe g, mEAH 3 FA FO) Sl we A= A
2

S sS4 (HRYEE
(3,640GT) =71<] <F 258 FFQ FEF 9,196E02 A=XH AL
ASA s eE FA FFFsidristn AFAH FFY duss 7is
ALRTFE A3 ¢lom, Table. 49 Fig. 4= 254 3uztze &g
AERF o] 48 Yepdth A5A duetss Atddsl, dddds) agx
HEAde] wE FeriztE AQdsta ABTE o 2719 ol AHFEA
AERFZS o] fet1 9gJon, 2011d5EH 201997418 dFF 5 o] REL
oF 74%°ltt. Y HFE  HesH 3,640GT(2,433DWDF L2 AAE Ao,
qAA AFAd dugsE ol xAss HHE AR Folw, Mdd B FFe
AL fAstd AF(MAALEGIE @ RFAD fado] AFT 3ol
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Table. 4 Number of Days in KMOU Wharf per year of ‘HANNARA’
OCCUPIED NON-OCCUPIED
Year Remark
(USED) UNUSED
2011 2634 102¢
2012 2714 944
2013 2754 90«
2014 2554 110
2015 2684 97¢d
2016 256 109¢
2017 2564 109«
2018 2754 90
2019 3194 464
Ha 2714 94¢
[ JUNUSED

Q

o]

L]

o

S

g

5

2011 2012 2013 2014 2015 2016 2017 2018 2019
Year
Fig. 4 Utilization Rate of KMOU Training Ship Wharf
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Fig. 5 Satellite Image of Port of Busan

<=*]: Google Maps
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Table. 5 Weather Summary of Busan

1 | 23] 45 6] 7] 8] 9 10]11]12
o | BT | 373840 |40 |36 |33 38|37 |36 33]34]36
(T/“) At | 16.7 | 18.0 [ 17.3 [ 21.7 | 20.0 | 23.0 | 24.3 | 21.7 | 22.6 | 20.7 | 16.7 | 19.0
TSI F g [ NW | SW [ SW | SW | SW | SW |SSW|SSE| SE | S | NW | NW

|
(Hﬁ) 34.4 | 50.2 | 80.7 |132.7|157.4(206.7|316.9|255.1|158.0| 58.4 | 45.8 | 22.8
B | A%
717k |44.95|50.98|65.71|75.89|83.62| 98.98 | 107.76 | 81.44|79.52| 37.62| 37.80| 27.85
(hr)
e | BT |32 [40 86 [136[175|20.7 241259 223 |17.6 [1L6] 58
t) [ A= [ 78 | 96 [13.4]183]21.9[24.3[31733.0(305 269226178
HA [ -76]-6.1]-21] 39 | 99 | 141182203153 | 7.6 | 0.1 | 55
[e]
(ZI]PJ) %‘EI_L 1022.411021.0 | 1018.5|1015.0|1011.5|1008.2 | 1007.4 | 1008.5 | 1013.0| 1018.0 | 1021.2 | 1022.6
a
9% (01 [03 07 1730404905 02 01 01 0
A=
S A&
712k | 0.41 | 0.67 | 1.63 | 7.66 |12.32|17.71|15.55| 1.07 | 0.3 | 0.05 | 0.35 | 0.03
(hr)
Azt
1) |199.0/182.5/193.0/210.0(221.7|179.7 | 165.8|200.9| 167.2 208.9| 194.4| 204.3
dx é]ro)
(f) 63.6 | 59.3 | 52.0 | 53.6 | 51.1 | 41.4 | 37.5 | 48.2 | 44.9 | 59.6 | 62.6 | 67.0
(Y
=2 7144, 2010
- 'I’I -
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(Climatological Normals of Korea,

AA 30 xH1981d~20103) <]

-
At

244

Table. 6& 714

1981~2010)<]

NW | NW | SSW

S

SE |[SSW| W | NW | SE

E

_’|2_

28.0 274255 |28.727.5|282|42.3|34.742.7|30.3|31.6(29.0|42.7

NW | SW | SW | SW | SW | SW |SSW | SSE | SE

NW [WSW| NW (WSW|SSW | SW | SE
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Table. 7& T 30dcte] YEWUR F YAUFE AFY BIAFE
Uebd Z o2 79m/solste] drh oF 227Y, 8.0~13.8m/se 7t oF 129¢,
13.9m/solde] 71 oF 94 = UEtEth.(F&f, 2013)

Table. 7 Number of Days with Specified Wind Speed

0.5~3.3m/s 3.4~7.9m/s 8.0~13.8m/s >13.9m/s
14 0.2 15.5 14.9 0.4
24 0.1 15.2 12.2 0.8
34 0.1 15.8 14.3 0.9
44 0.1 15.2 13.7 1.0
54 0.4 18.8 11.3 0.5
64 0.6 22.2 Y., 1.0
74 0.7 19.6 = 1.4
84 0.5 21.0 8.7 0.8
94 0.2 22.3 6.9 0.6
10€ 0.3 22.4 7.9 0.3
114 0.3 19.0 10.2 0.4
12€ 0.1 16.6 13.7 0.6
Aad 3.7(1.01%) 223.7(61.24%) 129.2(35.37%) 8.7(2.38%)

=4 71744, 2010
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3.1 Auke] ARF

AlFMooring& A& F5F, Fol(buoy) 5 M AFAAE EE FTE
Y HeHAn o Akt AElE = Kl
grst7] sk, AFALe] A =ue &nt 8 AAFEA JE, 2Yx
A 40T AI A F S (PIANC) S AAI7 & Elf
AR e Auanatg, 18 a g4 t
AnZF g5 5 AXdEn.

Al
ineis
tob
Ne
rx
il
=1
N
ojf
=2

D AlFHA|
Al F8) ] (Mooring Arrangement, Mooring Pattern, Mooring Layout)® Aulz}
B Alolo] AFeiele] 7818l vl X](Geometric Arrangement)S 2| w] &},

ABAA AFuA 2 AFA 82 Fig. 63 2o

Bollards Fumalid breast
After breast Spring e
i lines
Stern line sl

Fig. 6 Typical Mooring Pattern
Z=*]: Trelleborg Marine Systems Bollards Product Brochure
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AFolE 30° & 23stA EEF Afste Ae dasta o

Assume "Flat"

|

Assume 0° Spring Lines
Head/Stern Lines
Transverse Restraint Capacity = 2 x A = 2A%
Longitudinal Restraint Capacity = 1x B = 1B*
3Q°
v 305
{ . n/(
A B —_ Iy
TE Cw _. —
Assumeo® Al TTTTTTT7
IE_gﬂ;ih Spring Lines

Head/Stern L.i.nes

Transverse Restraint Capacity =2 x Ax SIN 30°x C0S 30°=0.87A
Longitudinal Restraint Capacity =1 x Bx COS 30°+1x A x C0OS 30°x C0OS 30°=0.87B +0.75A

*A = Allowable Working Load In Head/Stern Lines
*B = Allowable Working Load In Spring Lines

Fig. 7 Effect of Hawser Orientation on Restraint Capacity

<=*]: OCIMF(The Oil Companies International Marine Forum) MEG3, 2008
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3) AR £F % 54

¥
A

Murel ARl glol AFAY FF, A9y, AR 54, AR Do)
5o dle Fad fboln, ot Auel AFLMAMY T P mAL.

(Flory, J.F. and Ractliffe, A., 2005)

Fig. 8& Ud &, Zgo2H, 2243 28 A AFaa gholo] 1
HMSF  AlF2tel gt AsA43% stess yeEhd Idgizolt. efojo] H
HMSF(High Modulus Synthetic Fibre) AlF4H2 &gk shzol sl Uy
ZPol2H, FYZ2FAH 22 HAF AFA vlgte @2 ASA8E 7HA

al
loml, olsh ol AZHo] we AFAe P ol AEHAL o)

A9 AolE2 T HAA =ojuH, EFER < Ha3st
dukel FatEge HAst A7e ZHol Aok AR Af AlFAre] Bk
FHaol BolstAl &, ol Fao] e AF wESFd wE H=I
3lzo] 2Hg3l= ©@do] th.(Banfield, S. and Flory, J., 2010)

-

40

El

Load (percent of rated breaking strength)

20

10

[t} 5 10

Elongation (%)

Fig. 8 Typical Load/Extension Stiffness

Characteristics of Mooring Ropes

<=*]: OCIMF(The Oil Companies International Marine Forum) MEG4, 2018
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Fig. 9% Af2tel %%, 2o, A7¢ st AZSUL de) AR
S22 B agelth 2e X AFAo] e AFAL AFsE A5
MEAJol &AL AFAtel stwol IFHw, & 4ol ARLAES dAs =
Ae Dok ge ARl #Fol YFALh ool W YukHoz AFAL
2o =379 e FRRDS AgEtolol ], 2o AL = AFAS
2 dolE wjx|stoof

T T T TT Steel =477
i i *—E—‘_‘““— Polypropylene = 2T
|+ 1007 L | AT
| ol Nylon = 1
I S
)
/
A) Effect Of Hawser Material
E|_ o 25T
. (= T -
Same Size & = § 158 zs0T
Type Hawser _ l,

@::1\

B) Effect Of Hawser Length

bl 0 K

300 mm Nylon = 507
200 mm Nylon = 25T

@L

C) Effect OF Hawser Size

Note: AN Hawser Loads Are Approximations

Fig. 9 Effectiveness of Mooring Stiffness on Restraint Capacity

Z=*]: OCIMF(The Oil Companies International Marine Forum) MEG3, 2008
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Fig. 10 Ship Motions with the 6 Degrees of Freedom
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é(MJ"f—mL / L;; (t—7)z
1( ), (

1

~.

6
+ 3(C,+ Gy, () = Fj(t)(j: 1.2,-.6)
2
/ B o)cosotdto
0

Lij (t) = Aij (UO)+ UL\/‘ LLJ (t)sinatdt
0 0

o714
t AN ZE
x DAl
My - AE B AYEHE
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Z*]: Ohgaki, K., Yoneyama, H. and Suzuki, T
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R,y = 5 paC' V¥ (Asin’¢+ Beos’¢) 3.3

A7, p, = B71EE, O, vEY FHA T

AB)e wAHe] gl Aol HHSA HET & A& Aoy
=78 5o FHIYol AR ATl AY B olvgol W
wepd e olele eYe] Agakt ASE s FY e G

o] £Ho| Fo= %77

o

Ra = Raa:l + Rayj (34)

A7l R, B R, A4 2Q5 B AG.6)el yEhd Biel o] o 8l
1

SR YO BYoln], L jt A7 o D T weuE ol

R, = 5 paCa V(A singcosd+ Beosgcose) 3.5

R,

(ly:

%paCay V(A singsing+ Bcospsing) (3.6)

A7 pE FNERE, C, L .= A7 ¢ @ kel uigo
gE Aot AB5) H AB.6)0NA He #FE ke 77 FEFuFe

+F(2@5) B FFAHY yAHAB.6)e HE

D
=

=

Z £8(4G.5% 4G.6)e st TUHEFH) RE =0

e

R,=|R,| (3.7
= JR:L+R2
- %paq V(A sing+ Beosé)

H@DA ¢, =0, =2 AT

2333 4GB NE Fardsste], 4(3.8) 3 4GB9= d=H.
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1 ; =R,y (38)
ipaCaV A
B
= Sin2¢+ Icos%
R, «
1 a =R, (39)
1 2
5 p,C,V A
B
=sing+ Zcosqﬁ

Fig. 11ell R, ¢ R, & Wlaste] Yepdth JHNA A5 T ¢, TF2
A 9 R, R, O% @% 77 B/A=0 A% R, R, 0%
B= 27 B/A=191 499 R, RS Uemith dutros (O<B/AClC)H

Jels 3T gerd Aotk adeA o 4 U= uis Bo rIE R,

]

[+1.3

-0 R u{BA=0)
-8 RYBA=D)
0O RLu{BA=1)
& R UBA=1)

e

Fig. 11 Comparison of R, and R,,

=4 2-&, 1999
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nheke] Aot AR 431299 2(313e] BEeE 247t 2RAEEH
38 RS Ut =3, 7 2de gAdsd 2RddEsd) 2,9
dert
R, = |R,| @.19)
= /R?, + R?,

1 .
=5 PuCl W*(A'sing+ Bcose)

2 B10ONA ¢, = ¢, = €, 2 BFATHE L, 1999)

333 99

Aupo] Hulale ARAHE URE FEY FLEE Fnd AL
AT ATk olol Wk ARET Qe Aol v, 27, HF 5ol o
7tz e F F= w8 zFd 9@ 9ol zgath 1y gl
QAT AFALG dH2RY vdo] fUAHE Folo] X AFRALY
A% v 9 25w ol sk @ weel 2 dge wey

2EfH] ogt dAe #gste AL HHe TR JHEIZ
% (Froude-kriloff Force)® AAe] & 3&ut=e] 3J(Diffraction Force)el
gtoz FTAHHET orjA ZFEr g2 3ol & (Froude-kriloff Force)e A A S
T3t Fo| o3 For JAITY I FHIAAC o3k WhAbdto] o3
o] Fola, Murol o3k wkAlmte] F2 YAEIE Ao ofsf E4kE w o
Ao ¥tz s WASte FoE o] He| WMIFHE AR HAE
=554 sle] ghrolo] Aol a8 (Radiation Force), AA|-FA <& Alulo]
o= AR £EE 5 W ZAAFHCEKIEMDELE HHFo] =8
T Atk olw o Avte) &L= AATGHI YA EYALe U&=
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At 74AEL o] $EF SIS E(EEMEERE et

= X F= 392 3(Froude-kriloff Force)e] 33} wHiALs}o]
=]

FIRS }?_@Jl'p/] Ao wet $:_LPP/Q‘I‘E1 szPP/QU]'Z] xﬁ.-ﬁr?‘i}@
AAAA 4S5 Ao wef Adute] EFAFCh7E 0.7~0.8

o2

Eolar HjFo HhAbFEEo]l gl Aol Farh Aty Hopd wo=
=]

Aute BHeFAZ JHAste Ay olgs S 3 A 3 HHS
Are = ATh(E Frabi, 2014a)
334 AFY

Aduke] bl ARste A5, AFIEFC] AdHolnz ARFIE WHZFHA
ARrEEZCE ALsts ¥ AFHo & &= "AA X3 AF74tl
Agste ARYdEH)e 12 @ o), FREARFY HE £ o= E7]5Y
21G.19)<= 4+t

H=H,i+H,j (3.15)

AN H, B HE A7 o8F 3 pdEe AFEH E¥olH 46.16) B

AGBINe2 et Fig 12 2 Fig 13914 (s PsQ)s Ao AEA Pel
o A 74]‘2"” o] o]F& ZHFZPolH, g AANA AFIHSE HjXH
AFAo] Aol dah o] 2= ZHAEZHol T},
H, = Tcosasinf (3.16)
H, = Tcosacosf (3.17)

ARE me 26197 2ol AREY #9 4L Gl T,

H=|H]| (3.18)
= Tcosa
AA ol ZHEsk= 99 FY, 279, 39 T2 AFHH BIS olFH o
- 94 -
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2ok HyP A2 Zhzt 23199 2](3.20)0] .
; p,C.. Vi (Asingcoso+ Beospcosd)+ Pwa W?(A'singcoso+ B cospcosd)
= Teosasinf (3.19)

1 ;. ) )
5 paCa V¥ (Asingsing + Beospsing) + 2 PwCluy W?(A'singsing+ B cosgsing)

= Tcosasinf (3.20)

ll
u,-i

——% ‘,1 ﬂ!‘l{Il"l."lI' rd_* -*-—_t
hurdel] R

Fig. 12 Angles of Mooring Line

v 2 AAAR AFAHANAH =31, =2F< A AvjFe= 585 4

£ 7PgstE 4G192 4320004 27 432DE 43.22¢ A,

Tcosa sinf = %pwcwy W*B (3.2

Tcosacosf = 5 paC’ °A (3.22)

21(3.2D3 2(3.22)5 AFste FAAsH, FHAFH Teosa(=H)E 4L F
o348, 1999)

Tcosa = H (3.23)
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Fig. 13 Forces Acting on a Moored Vessel
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Fig. 14 Free Body Diagram

_29_

Collection @ kmou



EFX + EPX = 0(Surge) (3.24)
EFY-F ZPY = 0(Sway)

EMxy+ ZNXY = O(Yaw)

ol

AZNA, DFy, DFy. YMy,© WHE, 2/, 37 9 JE Y 5 &

ol AA Aolgd, Iy BUE AHFEolA, Y Py, YPy. YNy

rr

AR, WA 5 AFA=E o3 AA dodd, JWed ZHE AFEo|th

A AE Fsige v 2

B2 A Al(Statically Indeterminate System)o]™, Iteration”]®¥ell <3| 33 3§/JEl

TRieh(olgiy, 20160 =, ZhsiX <fl=e] w2l AlFA == el AdA BHY

b= AANAY g 3 HAY FHAAFES SAZHCE 1

FHFIFolAY FAsA 2 oY Y ARt tigk HAdFEA
3

o e FYVTH(AL, WY, 8T, A, 2008)

Aol W WA 2A AHe AF

fr mo iy o

o
ST
)
e

OPTIMOOR

Version 6.4.1 16 June 2017
Dynamic Licence Serial No:

Fig. 15 TTI Optimoor Program

2 =EdAe 3l s nEARITe] ARJIHAAZH I tiEHOo=
A&l 9= w3 TTI(Tension Technology InternationaDAFe] OPTIMOOR
SW(Ver. 6.4.1, 2017.06.06. Update)E AFg3sle, T=aldidtn AFH

AgHFol ARste AF5H s digd AFNY 2 AFIALGTE
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i

2O Axke] AFHA

5]

H

o]

A7 A 25l

2o

=3

AHEE™,

| BN

-

2

9

7}

3

, o] FHEHXA

al

3}

o

B

=4

-
B

)

o 1

A 2k ]

101 A 2

_3"_

ZFz= o} (Ractliffe, A. and Flory, J.F., 2012.)
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342 7} %A
5 3

Aol AlEE HF HIEA(O,—zz,) 2 & 7+ °F(Notation)& Fig. 163
2o F5 #uAe dHE 4 BT FdHo=E AAsAoH, WA
HA Aol SAste Aoz A B Fo] WFo=Es BT F9]

915 o] EA k.

I Morth

Fig. 16 Pier Coordinate System and Notation
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C,

dejdd. A, B,

H}sko 2

ZREH AA

o

uc]- t‘sék

™, aa, bb, cc, -

S

SESOE

Al X

=N
o

Fig. 17 Direction of the Force Acting on the Bollard
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2) A8t #=A

=4

Aol AgE Aut HEBA(O, —2,y,2,) B FEFFNotation)> Fig. 183}

2Ty A #HEAe 9He Aute] FUMidshipow HAHSAOH, Hutel
le Zom MASPT. =Y wo] WFgo=z:

Centerline “gol Z&A3}=
7+ 3 (Main Deck)AHoll &A) gkt

Fig. 18 Vessel Coordinate System and Notation

wEssE AgRd 9= Farleads 9w 3kt

MEE BASY, Wss wWEsE A
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Fairlead®] M&& I Fairleadg F#3t= AFAY HEe 53t F5o

ek AEke]l Al HA=, 5 FxF@Berth  Targev)ell ik AdHb

258 (Vessel Target)= o]&std Aoty FF ZxHI A9 ExyE

HEHoE kol ¢5d HEHolA Aol WIFoE JX s HAAEH HES

olmit}, 3, Xube] zgsl= e Figo 199 Zo] Holdth Xwak 3L,

Adure] do|rsr 3o, Mu|Zs FF W(HE AHoFH, YHE J2, ¢4
H

N - MOMENT

Fig. 19 Direction of the Force and the Moment acting on the Vessel
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, 2014a)
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ol
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Fig. 20 Length of KMOU Training Ship Wharf
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A

X
%!

~X

Aol 2gshe

ol &

H]go] bR,

T4 Y
t}.(Gaythwaite, J.W., 2014)

=]
=

5
AulE 4

o e}

Al
h=

A

oo

o
B

He| e

Sl

A

m Xl

, 2014a)

il

~

A

=0

o

obzff 2/(3.25)°l A]

A4S DL.(-) 7.50me]H,

DL.(-) 7.20mo|t}.
g FEem YA ko), 20209 TRTe] £478d) o

2 24 34

dA o

o)
iy

)AO

\

= o

oAHolm=z, B AFA

s}
=

23

=
=

FA T

S

T4 =® DL(-) 7.20me.2 44

(3.25)

D+ Ds + Dr + Dt + Dw

H

= 6.40m + Om + 0.3m + Om + 0.5m

= 7.20m

tzol(F &% 8kt v 0.5m)

S

A
of W& o

g Al A A

1

;OO

1

ol

Ds :

A= 0.3m, &9k 0.6m)

PN
T

il

A Ed=

Dr :

3) nhol

w}

Al A1 2

FH IV ZAHHWIE
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Aulxl © 2 Table. 8¢ 7|Zo] wil nfEolyl AAHYW, =g Gk

o

e B 55% 4% & Meld sael oF WshgAzt
STHAAE Aol AAzY FURDE APY WWOoR TP ol
o)FE Mol AT 5 UTLEIYLEAR, 201da)

Table. 8 Standard of Crown Height

T %3} 3.0m o4 Z} 3.0m ©gt H]
EREERE
22 45m o)Ay | AW+ (0.5~1.5m) | AHLILW. + (1.0~ 2.0m)
23 HAGAA

(_/_":}]\:]' 4.5m U]EI_]_') A.H.H.W.+ (O.3~1.0m)

Aol 712 wet g Sdidtn AFH BEeE 4 45meld, & 3.0m
mekel z7o] siwEw, DL.(+) 1.226mA.HH.W)ell o =

goh dA UAREFY wlEEol: DL(H) 1.226mAHHW)OA o
1.774mE X3k DL.(+) 3.000mo]H, o] #S H7lol| 28313t

DL (=) 7.500

Fig. 21 Section of KMOU Wharf
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D ANF
ol Hubel sty ABE AF L sl o]Fojd F UEE
Muke] AFA AT Bstel AW ANFEF PHshelok k.

BN ATEIG ol AN MFOE AgHE AMFE AT
nEo] AAHAW stAme] Folk HEZ FAM sbztolo] Wi s,
)

¢

ARl 92 Bele 7 QoBR IFE 2 FFE YA A
AT ol - okl AST + UAEF MY FAM B2 WAL, [T
3 Aol Aue ARSI 9stel A4 ogel FAMN HES @

454 Sueka B AR Q'@%%aawpn@zam,ﬂ%%ﬁﬂ

[ 50TON Bollard X 1EA | | 35TON Bollard X 9EA | [ 70TON Mooring Post X 1EA |

Sta.No 9 v/ag\ Sta.No.11 Sta.No.12 StaNo. 13 StaNo 14 Sta.No 15

8 |8 @ @ @&fa m\:ﬁr‘“ﬁ B ®© ® ® @ ® ®@ @ @ @ ® @°" B B ’F Cl-
LANDSIDE  f & ; -
L S - ————

=

SEA SIDE

v

Fig. 22 Installation Status of Mooring Bollards

_39_

Collection @ kmou



Table. 9 Installation Status of Mooring Bollards

. Installation .
Type Capacity Quantity Remark
Interval
Bollard 35 TON 20m 9 EA
Mooring 70 TON - 1 EA FWD
Post
Bollard 50 TON - 1 EA AFT
Bollard (35 TON) Mooring Post(70 TON)

ol Alvbe] ohdsli ABF MY R AR/ olFojd & UEF

27, o] g4 B AFALY Fxo| wteh 284U FFHANE A3
Wl x| shelof @k AASh ks Alolol Aute] Aok Agk AF Fol
dhgrel oF F& A Y B wlA o] Agatel, MA R Tx

W28z Hste] ko W AnE AR k(G Fah, 2014a)

it
lo
b
2

A g Ee tidEFY a5 7A90m)e] FHebstH, gk
Fig. 259} Zo] <kd Zof CV-Type(500H x2,000L) =3#)j<} Pneumatic-Type
(01,500 x3,000L) HZA7} A= 5ol o} <bde] M8 CV-Type WZAol

_40_
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o)
o
TZ4o] 2 Pneumatic- Type W=7 EAAe 988 3o 9}4. olo] B
_'__rL

FAaew, of WFAe 54 =

ot
ol

o 4 Pneumatic-Type WEAS =d
-2 Table. 10 ¥ Fig. 24~25%} #t}.

Table. 10 Specification of Pneumatic Fender

Hull
T Performance Energy |Reaction|Pressure at Internal
e
yP Size & Quantity |Absorption| Force 60% Initial Pressure
Deflection
i X
Pneumatic | @1,500 x 3,000L |y 5o 1\ 1579 18| 132 kPA 50 kPA
Type (9EA)
175 I { - TOD
e Ermrgyﬂ\bmml |
Femction I I ;
-~ 12 i =I_,' 500
: | f .
E i A £
E‘D« I ! -I‘Uf..g
| | :

Fig. 24 Performance Curve of Pneumatic Fender

Z=*: THE YOKOHAMA RUBBER CO., LTD.

_A’I_
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Fig. 25 Fender of KMOU Training Ship Wharf

CV—-Type(500H X 2,000L) Pneumatic—Type(®1,500 X 3,000L)

3.5.2 Addt
ESEE

B2 A= A
7102 HrlslA T

A

R

b

,d
o T

Zts o] UubAol el ~E(Ballast) A
FTUHHL iRty ggrE 2
‘Equipment Number Calculation’ =®HollA A4tE  F4dE 2 (H o) 74

6.4m 7]1F)S dxkAel Wl A~E(Ballast) AEIe] &3 &2 6.0m 7&E
At o, 1 e Table. 113 Zth

& o
Ruj

A

oxl
ol
oL

(o ot
T o

Table. 11 Projected Area of ‘HANNARA’

Item Description (m?) Remark
FuNd AdFYEs 302.6 .
(Transverse Projected Area) ' Draft: 6.4m
A Z2WEooA Even Keel
TA IAT 60T (?J_'XH}\])
(Lateral Projected Area) 1,430.3
FEAN AdFEYES 3104 '
(Transverse Projected Area) ' Draft: 6.0m
S AF E0E ol A Even Keel
T J3AT 1T ,?_6]-:5‘_)“)
LA = T
(Lateral Projected Area) 1,478.3 °
- 42 -
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2) AlFAI2=H

B dAFoAMeE AFAZE 2 gz
24S Hsted F 7HA TR AR "
BN AFaa 21e A &8t Br7HE TP Ah

Table. 12= B7tol] A8d F7HA F7Y AFAY EAS ved Aotk
A WAE B Ad5A AX"E A4 82mm, 4deo] 11me v 2Nylon) Tail
Rope(MBL 125tom)¢} 2= 217 36mme] UHMPE Rope(MBL 90ton)o]w,
HAlE @A 2ol UHMPE RopeE uiA|she] Aestn Q= AA

5omme] U< & Rope(MBL 48ton)o|t}.

%A

Table. 12 Characteristics of Mooring Line

Item Mooring Line 1|[Mooring Line 2 Remark
Type of Rope UHMPE § Stresd
Nylon Rope
Diameter 36mm 55mm
Minimum 90.0 TON 48.0 TON
Breaking Load \ )
. .. MBL X55%
ROPE Working Limit 49.5 TON 26.4 TON (OCIMF, 2018)
Tail Rope 82mm B
Diameter (Nylon)
Tail Rope
Minimum 125.0 TON -
Breaking Load
Break Capacity 29.0 TON Brake Slip
- 43 -
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Table. 13 Case of Evaluation of Mooring Safety

Quantity of Mooring Line

Mooring
CASE FWD AFT
Arrangement TOTAL
Head | Breast | Spring | Head | Breast | Spring
Normal
CASE 1 Mooring 4 2 2 4 12

(UHMPE Rope)

Breast Line
CASE 2| ‘1EA’ Added 4 1 2 2 1 4 14
(UHMPE Rope)

Normal
CASE 3 Mooring 4 2 2 4 12
(Nylon Rope)

Breast Line
CASE 4| ‘1EA’ Added 4 1 2 2 1 4 14
(Nylon Rope)

Breast Line
CASE 5| ‘2EA’ Added 3 2 2 2 2 3 14
(Nylon Rope)
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CASE 1& A7 82mm, 4do] 11me Y < E(Nylon) Tail Rope(MBL 125ton)<}k
A3td 274 36mme] UHMPE Rope(MBL 90ton)E A3l AlFuiXZ Table.
149} 2ok duk A9 drbA] AFHIXE A slE=ged 470,
2zl 270, aga Anl =dgEl 274, Adnl 2"Ee] ) F 127H91
Al

Table. 14 Mooring Arrangement of CASE 1

Item Position Quantity Number Remark
Breast - - UHMPE
FWD Head 4 Line 1,2,3,4 Rope
Mooring Spring 2 Line 5,6 +
Line Spring 2 Line 7.8 Nylon
AFT Stern 4 Line 9,10,11,12 Tail
Breast i - Rope
FWD 2 Bitt A,C
Bollard AFT 2 Bitt F.I
Fender ALL 9 Fender aa~ii
®
= A T— bR . .
- O TS W —— e

i) i
;ll
/
.
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CASE 2+ #}7d 82mm, 2o] 11m¢ y<&(Nylon) Tail Rope(MBL 125ton)<}
Agtd 27 36mme] UHMPE Rope(MBL 90ton)E Alg3&}= AlFux] 2 Table.
159 Z2oh A3 % AFHFA JWF g oisshr] dste HFE F&
FFERE "ozl 3o AXH AF, AvnSe F5F 2d9 =55
Ao BY2EHS] 2z S
471, A4 B ZzEgel Y, A E
W, Anl BEZES] 17, Adw 2"de] iR F 1Y ARAe=
T35k .

Table. 15 Mooring Arrangement of CASE 2

Item Position Quantity Number Remark
Breast 1 Line 1 UHMPE
FWD Head 4 Line 2,3,4,5 Rope
Mooring Spring 2 Line 6,7 +
Line Spring 2 Line 8,9 Nylon
AFT Stern 4 Line 10,11,12,13 Tail
Breast 1 Line 14 Rope
FWD 2 Bitt A,C,J
Bollard AFT 2 Bitt F,LK
Fender ALL 9 Fender aa~ii

=
|
-
a
[n
°
o

LT T e

—}
|
{
i
?
7

i TR W ﬂ_\\ k-
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CASE 3

2174 55mme]
AFHI X2 Table. 163 2t}

U< Z(Nylon) Rope(MBL 48ton)S
At S A o] dxEA<l

.
v 2z ere)

A-g-5

AR = A

sleek] 47, A 2=l 27, a8la A 27N, Ad#]
zEekel 4 F 12709 AR TS
Table. 16 Mooring Arrangement of CASE 3
Item Position Quantity Number Remark
Breast - -
FWD Head 4 Line 1,2,3,4
Mooring Spring 2 Line 5,6 Nylon
Line Spring 2 Line 7,8 Rope
AFT Stern 4 Line 9,10,11,12
Breast — —
FWD 2 Bitt A,C
Bollard AFT 2 Bitt F,I
Fender ALL 9 Fender aa~ii
®
R e O e N T
; W

Collection @ kmou
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CASE 4= =74 55mme YL EWNylon) Rope(MBL 48ton)E& Al&3ste=
AREix 2 Table. 173 Ao s 2 4HdFA JWFE 48 dis

Table. 17 Mooring Arrangement of CASE 4

Item Position Quantity Number Remark
Breast 1 Line 1
FWD Head 4 Line 2,3,4,5
Mooring Spring 2 Line 6,7 Nylon
Line Spring 2 Line 8,9 Rope
AFT Stern 4 Line 10,11,12,13
Breast 1 Line 14
FWD 2 Bitt A,C,J
Bollard AFT 2 Bitt F,LK
Fender ALL 9 Fender aa~ii
o
i_._' ® . —ﬂ—"’l——"’kll—'!a;-_-—ﬁ o F e ;:i— S
N | =
# »
S i
- 48 -

Collection @ kmou



CASE 5& A7 55mm¢ yY&Nylon) Rope(MBL 48ton)E Al8-3he
AT 2 Table. 183 2o 43 3 AHFA JWEF 9He die

Table. 18 Mooring Arrangement of CASE 5

Item Position Quantity Number Remark
Breast 2 Line 1,2
FWD Head 3 Line 3,4,5
Mooring Spring 2 Line 6,7 Nylon
Line Spring 2 Line 8,9 Rope
AFT Stern 3 Line 10,11,12
Breast 2 Line 13,14
FWD 2 Bitt A,C,J
Bollard AFT 2 Bitt F,[K
Fender ALL 9 Fender aa~ii
o
N e b m o mbmlmbm o me b s
Ha- P = = 'i'l-:—._'r‘_'_.' I
-\-HH-\.
§ ?.
& e
- 49 -
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353 #7499

ARAL Hestn Qe Ate oY, U8 2 2R 9% FUHe
e Gl

Wwol Hast, 53
AFARAAE At
[e)

A stefof Rt (3) bR, 2014a)

B AToE oH@ 9o Fgo] B}
A

g7 fiA Bk d 54
AN &7l T AR st Y-S mdgsHt

Hn g
MAKIMLM FLODE SURRENT B E
- Ly MG T

Fig. 26 Current Chart of Port of Busan

=2 . ZH YEAY, 2015, 2HFE(F4
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0.12)7 9
JOA(A = A
A Eo

Remark
[e)

-

%l

A
Speed
0.2kts

0.2ktsZ 4
, 2015)

o]
000°

4

Direction

A

[e)
Table. 19 Current Condition

s
vlE o]l FolA L, A

-

-

Item
Current

ES

3.0ADZA ol YeERATh.(
H, A ZA 9

Table. 199} 2t}
353.2. 9

o
AL

s

o] 2]

o]

Table. 20
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e
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Table. 20 Tidal Level of Port of Busan

Item Tide Level(cm) Remark
OFH T T %9 Approx.H.H.W DL.(+)122.6
2 A1z HW.0.S. T DL.(+)116.4
Bz H.W.O.M.T DL.(+)98.8
R T H.W.O.N.T DL.(+)81.2
AT M.S.L DL.(+)61.3
AZHAAZS L.W.O.N.T DL.(+)41.4
A 29 L.W.O.M.T DL.(+)23.8
o) 23 A % £ L.W.O.S.T DL.(+)6.2
OFH A A Z 9 Approx.L.L.W DL.(£)0.0
=4 . T FZARY, 2015, 2FEFAE 22)
dtH o ® Z9o HAV|ES gy =9 WEE AHHE7)DSEHH,
T4& MSLETTH)= A &Adoh(El iy, 2014b) B dAFdAE
AFIAAEE7TY T840 FAWEAHY dFs A wrgstr] Hsho
zHT1x2E F&std o, Brte 4-8H 9= Table. 213 Zt}.
Table. 21 Tide Condition
Item Tide Level(cm) Remark
Tidal Level qgf;iﬂoﬂsﬁf DL.(+)116.4
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3.5.33. ug

| FxBe] 54 Fol me

, 20142)

1 BAAEE 2AR

T

3l 7

24

e

ol
AL

Hio

Hlo

®

~

;oL
o
—_

;OL

e

g

BEIEFA R

=21 30kts,
5%

27.2kts)

14m/s(eF

A FE

21m/s(eF
26m/s(2F 50.5kts) =21 50kts

FgFone)
o) ¥4

BE

Tl 40kts,

40.8kts)

i 5°

9|

TS 360° A9l o

sz
<

nlgxd-2 Table. 229 2t

Table. 22 Wind Condition

Remark

Internval: 5°

Direction

0~360°

Speed
30 kts
40 kts
50 kts

Item

Wind

3534 %3

)

)

= A%

L0 upzhA

il
=

Zlol FHE Ho AAT

T
) Y

7}3t

3

I

A Yol Bu

ot

oy
L

Sho}.(8l k- AFE 2014a)

Rk

Aol

Al

7= 7] &0l A

3¢l

A 3 A

o

]

=
o
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NE F A 2AVEE gme A s A w3, Bl A¢
mgsielel F s Se ARAdutel Be gete w awwm A4
nEol A% BT dFYE LoiF HFELLE AGIHES FHolglth
st 7l HAutae e A, ¥, st9 548 & Ested A43]
Aot x 1, vt B ofFHAT|FNM = Autel A3 9 =5 wgt Table.
237 o] At Ut} YA IE tHE SaaEE REE AME-EH T,
ARAE Ao wart sqddAgGIE ZHeH Aol EVFs S
ouist= X FUHAE B 9rtEs Y VIEel He #elt
(F&E, £8%, 2014
Table. 23 Wave Limit for Loading & Unloading
Type of Ship Allowable Wave Height (Hy/3) Remark
294 0.3m BN
A& A al
< - @A 0.5m za]_%é ;194
Bk 0.7~1.5m i?;g%ocgj
=4 ¢ sl A, 2014a
2 dgeldE sge sus FoEde sgaAsue su 05m @t
MARFel FAZ YAEE B1 10m @e A&sqd. 1w s
shepe Ragel 9FE Wualel 2wl Alelg: Fdete R
YAtshs WFgomHM, REo AR YT FFoA JAEE BFFL
ARan ag3 B BFEo)E 82, 10%, 122 % A= AAEAD
Bt A8 x-S Table. 249} 2t
Table. 24 Wave Condition
Item Height Direction Period Remark
05 m o 8 SEC
Wave 10 m 210 10 SEC
12 SEC
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3.6 AFLHAHIE AlvEl 2

361 98=d 3 Ayl 44

BB ERELE R

Wstol whE R

3 oy

D AFAALAHILE Ystod, 5709 CASES 18709 9H=

T 907kA =39

Al 7314

U ® Table. 259} 2t}

2HOAFAHAAEILE

Table. 25 Scenario of Evaluation of Mooring Safety

Wind Wave Wave Wave
CASE | Current : \ / . Remark
Speed | Direction | Height Period
8 sec Scenario No.1
0.5 m 10 sec Scenario No.2
12 sec Scenario No.3
30 kts 5
8 sec Scenario No.4
1.0 m 10 sec Scenario No.5
12 sec Scenario No.6
8 sec Scenario No.7
(Omal il 10 sec Scenario No.8
0.2 kts .
12 sec Scenario No.9
CASE / 40 kts 030° -
1~5 050° 8 sec Scenario No.10
1.0 m 10 sec Scenario No.11
12 sec Scenario No.12
8 sec Scenario No.13
0.5 m 10 sec Scenario No.14
12 sec Scenario No.15
50 kts -
8 sec Scenario No.16
1.0 m 10 sec Scenario No.17
12 sec Scenario No.18
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=) - 2 Table. 263 #o] PIANC(1995)¢] ‘2t
dA49e A% MAs e dx 7 & FAE S, HAAY 64
5(Surge, Sway, Heave, Roll, Pitch, Yaw) ZAZFI A EHRE]

A5 e EEAZX(Amplitude)E 7122 3o AEICH

Table. 26 Criteria for Movements of Moored Ships in Harbours

Cargo S S H Y Pitch Roll
. X urge way gave aw itc 0
Ship T Handl
P SYPE MA@ | @ | )| ey | )
Equipment
. elevator crane | 0.15 | 0.15 - -
Fioing esels lift—on/off | 1.00 | 1.0 | 0.4 3
’ suction pump | 2.00 1.0 = - - —
Freighters, Coasters | ship’ s gear 1.00 1.2 0.6 1 1 2
<10,000DWT quarry cranes | 1.00 1.2 0.8 2 1 3
side ramp 0.6 (i 0.6 1 1 2
: 3 dew/storm ramp| 0.8 0.6 0.8 1 1 4
Ferries, ROZRO link span 04 | 06 | 08 3 2 4
rail ramp 0.1 0.1 0.4 - 1 1
General Cargo B
5.000~10,000DWT 2.0 1.5 1.0 3 2 5
Container Vessels 100% efficiency| 1.0 0.6 0.8 1 1 3
50% efficiency | 2.0 1.2 1.2 1.5 2 6
Bulk Carriers crane elevator 2.0 1.0 1.0 2 2 6
20.000~150.000DWT| Pucket wheel 1.0 0.5 1.0 2 2 2
’ ’ conveyor belt 5.0 2.5 — 3 — —
Oil Tankers loading arms 3.0 3.0 — - - -
Gas Tankers loading arms 2.0 2.0 - 2 2 2

% Note: Motions refer to peak—peak values(except for sway: zero—peak)

=71 PIANC(1995)
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297202 Table. 2737} 7ol
2(Surge) & 15m, #FH$FL2(Sway) F 0.6mE thalnte] shoebdA

SHA 2 AA3HA T

2
o
or

Table. 27 Criteria for Loading Safety

Item Surge Sway Remark
) - Surge(peak-peak)
Loading Safety 1.5 m 0.6m - Sway(zero-peak)
- 57 -
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Herto =z AlFAel Ae AR Adekse] 55%, AAFe B¢
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JNE HEIFOE HiAGOM, w3 stedAde] F AFFASurge)
Zk 1.5m, &5 6way) @ 0.6mE s87|Fo 2 Hrlst ).
_E o ship
E design MEL
‘MaxLOBF  qo5  LDBF=100-105% ship design MBL
100
A fesigreed brake mas holding load (150
I8 Residual strength - OCEMF recommended
retirement oF moadag lines
(7] Bperational brake holding laad
S5 wire

Shsynthetics At nominal hmmﬁ aproed wine b mator
rendering (max stall] losd [50% ship
deshpn MBL) (150}

33 Winch mator — pull - between 22-33% 8
nosminal heaving speed {150

Fig. 27 Comparison of Mooring Line Working Range

=%]: OCIMF(The Oil Companies International Marine Forum) MEG4, 2018
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2ysion, Chocks Edste A I e ddaEe
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a3 YA Scenariod| A& BE AlFAe]l & W9 el e Aoe=
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Fig. 29 Result of Mooring Line Tension(CASE 1, No.1~6)
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Fig. 30 Result of Mooring Line Tension(CASE 1, No.7~12)

Collection @ kmou

_60_




85 & SOKs_0.5m_dsec
50 s SOkts_0.5m_10sed
s —&— S50kis 1.0m_8sec
_ 70
E B5
=a0
o]
= B8
E 50 _ﬁ;“‘ —ErEg T ideEng s eSS e
oL
o A
= X
= 304 . Bl
E a5 Y
= 70 H K‘x f"f
15 ="
10
i

1 2 3 4 5 8 T B & 0 ¥ 12
Mooring Line MNo.

Fig. 31 Result of Mooring Line Tension(CASE 1, No.13~18)

Table. 282 CASE 1¢ th3 Scenario No.4,10,160]41¢] Ax}9] Z3ko) T3k
AF2 AAEe] B A49E g2 JeElW Aot

Scenario No0.4,10,16914  AlF2te HgAEHL FF 160° o4 Chocks
SIsl= A sl=2kq] 1 2+ 36.28, 438, 56.2E 02 HIIHEHAG. A
slegkele]l HgAE S FF 160~170° oA sty on, Aul ~EEel Y
AL & 70~80° oA WA TE Scenario No.16 A= A4 =gk
2T AMnr) A"kl 11,1290 Winche] Brake Limit(29.0ton)E Z3}3l=
o] WAste Slipe] T o™, ChockE: T3ste A =kl 1¥
skastgel 6%l SPEs 56.28S]  HhYol uygs}o:] Handg
ZHet= Aoz HUHEHAT.

_6"_

Collection @ kmou



Table. 28 Result of Mooring Line Tension(CASE 1, Scenario No.4,10,16)

Moorin L1 L2 L3 L4 L5 L6
Line & [ (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
Head Head Head Head |F.Spring|F.Spring
SCASE} Worst Drection) 160 | 170 | 170 80 160 | 160
% Tension (Ton) | 36.2 26.2 24.5 o1.1 20 20.8
BO-2 ot Strength | 40% 29% 27% 23% 22% 23%
30kt Moorin L7 L8 L9 LO L11 L12
10 S Line & [(Winch) | (Winch) | (Winch) | (Winch) | (Winch) | (Winch)
8.3:;’ A.Spring | A.Spring | Stern Stern Stern Stern
oS oot 240 240 70 70 75 75
Tension (Ton) 12.7 12.7 21.4 21.4 20.7 20.4
&of Strength 14% 14% 24 % 24% 23% 23%
Moorin L1 L2 L3 L4 L5 L6
Line & [(Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
Head Head Head Head |F.Spring |F.Spring
B (| 160 170 170 80 160 160
No.10 Tension (Ton) 43 27.7 25.7 21.7 21.9 22.7
&of Strength 48% 31% 29% 24% 24 % 25%
40kts Moorin L7 L8 L9 LO L11 L12
1.0m, Line & | (Winch) | (Winch) | (Winch) | (Winch) | (Winch) | (Winch)
8sec A.Spring | A.Spring | Stern Stern Stern Stern
T paasetion | 245 245 70 70 80 80
Tension (Ton) 13.4 13.4 22.2 22.3 22.3 22.1
&of Strength 15% 15% 25% 25% 25% 25%
Moorin L1 L2 L3 L4 L5 L6
Line & [ (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
A.Spring | A.Spring | Stern Stern Stern Stern
Scenario | eyt 160 165 80 80 160 160
No.16 Tension (Ton) 56.2 29 (Slip) 28.9 24.6 24.8 25.7
&of Strength 62% 32% 32% 27 % 28% 29%
50kts Moorin L7 L8 L9 LO L11 L12
1.0m, Line - (Winch) | (Winch) | (Winch) | (Winch) | (Winch) | (Winch)
8sec A.Spring | A.Spring | Stern Stern Stern Stern
Worst eseton| 80 80 80 80 80 80
Tension (Ton) 15.9 15.8 26.1 27.2 29 (Slip) | 29 (Slip)
&of Strength 18% 18% 29% 30% 32% 32%
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Fig. 32 Result of Mooring Line Tension(CASE 1, No.4)
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Fig. 33 Result of Mooring Line Tension(CASE 1, No.10)
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Fig. 34 Result of Mooring Line Tension(CASE 1, No.16)
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Fig. 35 Result of Bollard Force(CASE 1, Scenario No.1~6)
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Fig. 36 Result of Bollard Force(CASE 1, Scenario No.7~12)
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Fig. 37 Result of Bollard Force(CASE 1, Scenario No.13~18)
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Table. 29+= CASE 1¢ th¥ Scenario No0.4,10,1691A412] A= =3Fo] o
BAAxE 2 JeRd Aol

M7 ama%%

ARFE AhsE

Scenario No0.4,10,1691 4 A
110.8%, 128.3E0] Z&3t= Aoz HrlEYoH,

74z} oF 291%, ok 316%, °F 366% ZW3H= ZoE B4

22}

Table. 29 Result of Bollard Force(CASE 1, Scenario No.4,10,16)

Scenario Bollard = C . I
W Head F.Spring | A.Spring Stern
- Total 101.8 10.8 253 83.3
Force
S &Bollard
1.0m, 8sec 291% 117% 72% 238%
Strength
. A C F I
% Bollafy Head | F.Spring | A.Spring | Stern
- d el 110.8 145 26.7 88.2
40kts Hprce
&Bollard ) _
1.0m, 8sec 316% 127% 76% 252%
Strength
. A C F I
% Rk Head F.Spring | A.Spring Stern
- TEES 128.3 50.4 318 1105
Force
50kts
&Bollard ; )
1.0m, 8sec 366% 144% 91% 316%
Strength
- 67 -
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CASE 19¢] Scenario No.1~180 4 9] AW Fako] tis aAle] Hojwte 3
7FA3, o849 (59.1ton)e] 28%°]3ke] o
= A
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ofo
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=
rlr
N

Table. 30-& CASE 19 th3 Scenario No.4,10,169149] AW =
BEA Howke HrbdnE 22 Jebd ZlolH, Figo 38 ©l& ¥z
UEtd Zo|tt Scenario No0.4,10,16914 WA o] Hiwte 2 A W34 aaol

2z TE, 10, 160 A er, =5 WA sE&uE ud sle

Table. 30 Result of Fender Thrust(CASE 1, Scenario No.4,10,16)

Fender Max. Thrust(Ton)
aa bb | cc dd ee ff gg hh ii
30kts
1.0m, 8sec 7 7 6 6 6 6 6 6 7
Thrust 40kts
(ton) 1.0m. 8sec 10 9 9 8 3 8 8 8 8
Lo 16 | 14 | 12 | 11 | 10 | 10 | 10 | 11 | 11
.0m, 8sec
&~ [—=— 30kis_1.0m_B=ed
|F=— 40tz _1.0m_8sed
4— Elkis 1.0m Bseadg
156 -
5 3
= &
3 e &
£ 10 R e
E " : ] E - ' . ' s
& . . -
w L e B 3
i) 1 - . T T T
o od EES fF fe kb i
Fendear Ma.

Fig. 38 Result of Fender Thrust(CASE 1, No.4,10,16)

- 68 -
Collection @ kmou



4) 319 <FtHdA
Table. 31& CASE 19 Scenario No.1~18041¢] #u}g] E3ko] tjj3dk

st HrbARE £ UERA Aol

*<& 30kts9] Scenario No.1~4, #< 40ktse] Scenario No.7~10, #< 50kts<]
Scenario No.13,14,16°| A+ Surge®} Sway 5L Fo] S &HY o] A= Aoz
BH7l= Ak, 18y Scenario No.5,1591 4+ 5.0m ©]A+e] #t}3l Sway 58 o]
WAy 549] 31, Scenario No.6,11,12,17,18° A= i F-&-2] AF2to] Winche| Brake
Limit(29.0ton)E =34 3sl= A sle] gl Slipe] WHAYghe)]  wef
229 AL HeE 2HsR o, st dS FREA| Kol A=

w4 H A

A2 o]

Table. 31 Result of Loading Safety(CASE 1, Scenario No.1~18)

. Wind Wave | Wave Max. Max. Loading
CASE |Scenario . )
Speed | Height | Period Surge Sway Safety
No.1 8 sec 0.14 0 GOOD
No.2 0.5 m |10 sec 0.28 0 GOOD
No.3 12 sec 0.44 0 GOOD
No.4 | U Kkis 8 sec | 0.23 0 GOOD
No.5 1.0 m |10 sec o 5.74 ACChE AL
No.6 12 sec ERROR ERROR CCET AL
No.7 8 sec 0.18 0.03 GOOD
No.8 0.5 m |10 sec 0.32 0.03 GOOD
CASE No.9 12 sec 0.48 0.07 GOOD
) No.10 | 40 kis 8 sec | 0.27 0.03 GOOD
No.11 1.0 m | 10 sec ERROR ERROR Accé\r%imﬁ
No.12 12 sec ERROR ERROR R
No.13 8 sec 0.23 0.26 GOOD
No.14 0.5 m |10 sec 0.37 0.3 GOOD
No.15 12 sec 0.95 5.44 LT AL
No.16 | 20U Kts 8 sec | 0.76 0.28 GOOD
No.17 1.0 m | 10 sec ERROR ERROR \ccé\l%\mﬁ
No.18 12 sec| ERROR ERROR ot

¥ Allowable Criteria :

Collection @ kmou
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Fig. 40 Result of Mooring Line Tension(CASE 2, No.1~6)
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Fig. 41 Result of Mooring Line Tension(CASE 2, No.7~12)

Collection @ kmou

_7’|_




i —=— SOkis_0.5m_gsec |11

80 ¥ | s S0kts_0.5m_10sec L]

[£ .'r §——50kts_0.5m_12seq |I
=70 17 f—{—v— 50kts_1.0m_Bsec J’ il
i=] &5 T T {—#— S0ktz_1.0m_10zed I '\:I
Teo |- e SOkts 1.0m_t2seq) u

1 2 3 4 5§ B 7 & 9 1M 11 12 13 14
Mooring Line MNo.

Fig. 42 Result of Mooring Line Tension(CASE 3, No.13~18)
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Table. 32= CASE 2¢] thf3 Scenario No.5,11,170A1¢] A9 ZF3ko| T
AT Aoy EAZ2435 22 YERH Aot

rr

Scenario No.5,11elA AlF{2He] A= 2 FF 160° A ChockE &3}
A4 =gkl 2Wo] Z+Z 5358, 56.9%, Scenario No.179lA4  AlF2He
AAEe T 80° o4 Avl 2dgel 128 77.6Ec] WASE Ao
Bt AT Ag sl HAoAES F3F 160~170° oA EAsH o,
Am ~Egkele] HoAyE e Z3F 70-80° oA EAsFATE Al 7FA Scenario
nE XS FEgel 3493 An) 8ol 10,111,138 1ga Ao
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Table. 32 Result of Mooring Line Tension(CASE 2, Scenario No.5,11,17)

ooring [ IL [ 2 [ T3 [ T4 ] 15 ] 16 1 T
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) (Wmc'h) (Wlngh)
F.Breast| Head Head Head Head |F.Spring|F.Spring
Scenario | |TSimrection | 160 | 170 | 200 | 200 | 200 | 160 | 160
No.5 Tension (Ton) | 33.2 53.5 | 29(Slip) | 29(Slip) | 38.4 20.1 21.4
&of Strength 37% 59% 32% 32% 43% 22% 24%
3045 [ yoring | L8 [ 19 [ Lo [ LU [ Li2 | Ls [ L
1.0m, Line (Winch) | (Winch) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
10sec A.Spring|A.Spring| Stern | Stern | Stern | Stern |A.Breast
WOrs paeseten | 220 | 220 | 80 80 70 80 80
Tension (Ton) 20.3 20.3 |29(Slip) | 29(Slip) | 36.1 [29(Slip) | 29(Slip)
&of Strength 23% 23% 32% 32% 40% 32% 32%
Mooring [P [ 12 T 15 [ Li [ 16 [ L6 [ 17
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
F.Breast| Head Head Head Head |F.Spring|F.Spring
|| WesiPieton | 960 | 170 | 190 | 200 | 200 | 160 | 160
Scenario Tension (Ton) 36.9 56.9 |29(Slip) | 29(Slip) | 39.3 20.9 22.1
NO.LL I i Swenan | 41% | 63% | 32% | 82% | 44% | 23% | 25%
A0kt Mooring L8 L9 L10 L11 L12 L13 L14
S L (Winch) | (Winch) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
1.0m, ne A.Spring | A.Spring| Stern Stern Stern Stern |A.Breast
10sec Worst Direction| 80 80 80 80 80 80 80
Tension (Ton) | 21.9 21.8 |29(Slip) [29(Slip) | 48.5 |29(Slip) | 29(Slip)
&of Strength 24 % 24% 32% 32% 54% 32% 32%
Mooring B = l.‘3 1.'4 e l.'6 I.'7
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) (Wmc;h) (ngh)
F.Breast| Head Head Head Head |F.Spring|F.Spring
Scenario | "2 | 160 | 170 | 190 | 80 | 80 | 160 | 160
No.17 Tension (Ton) | 42.5 61.6 |29(Slip) | 29(Slip) | 41.1 22.1 23.4
&of Strength 47% 68 % 32% 32% 46% 25% 26%
50kts Mioerio L8 L9 L10 L11 L12 L13 L14
1.0m, Line (Winch) |(Winch) |(Winch) | (Winch) | (Chock) | (Winch) | (Winch)
10sec A.Spring |A.Spring| Stern Stern Stern Stern |A.Breast
WorstDiection | g0 |80 | 80 | 80 | 80 | 80 | 80
Tension (Ton) 28.3 28.1 29 (Slip) | 29 (Slip) 77.6 29 (Slip) | 29 (Slip)
&of Strength 31% 31% 32% 32% 36 % 32% 32%
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gl 4 ok 8]al Scenario No.bollAl= &3k 120~210° ¢ o, Scenario
No.1le| A= Z1Z&3F 100~210° o o, ChockE FHste A =
ekt o] 55%(49.5ton)E ZFHete= AHo] HWAsStE AL AT & Utk
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Fig. 43 Result of Mooring Line Tension(CASE 2, No.5)
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Fig. 44 Result of Mooring Line Tension(CASE 2, No.11)
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Fig. 45 Result of Mooring Line Tension(CASE 2, No.17)
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Fig. 46~48-& CASE 2¢] Scenario No.1~18o4 2] A9 F3ko] o3k AAF
e EA74E T8 22 Yepd Aot

i

0|

o

Scenarioo| A A4 3=kl

= Sl
ATl AASEGoton)e 2Hst= dtFo] A&ste Aoz HUEHIIA,

U HE ScenarioE Al9star, A4 2xEEQ AAFC, dv] 2xg el
AXNFFAN = AAFo HA3=E5ton)S 273te o] AL AOo=E

B7HE A

¥4 30kts®] Scenario No.l~6ollx & AT AA8HE(35ton)S Al oF
471%, =< 40ktsol A1) Scenario No.7~129 A4+ <F 503%, =< 50ktsol A 2]
Scenario No.7~120 A= ¢k 554% ZF3t= Aoz BAEQCH

ko
ol

= —s— 30kts_0.5m_8sec
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Fig. 46 Result of Bollard Force(CASE 2, Scenario No.1~6)
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Fig. 47 Result of Bollard Force(CASE 2, Scenario No.7~12)
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Fig. 48 Result of Bollard Force(CASE 2, Scenario No.13~18)
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Table. 332 CASE 22] t3 Scenario No0.5,11,17o|4 2] A9 ZFgko] sk
AT HAdsts 44 HAE 2 Uehd Aot

Scenario No.5,11ol4 AMF9] FHuists& AdFA 247 140.8E, 144.3E,
Scenario No.179|A  AXAFo] 164.180] Z&3t= Aoz HriEgon,
AXF AASFE5ton)S ZHZE oF 402%, 412%, 469% ZFsE A=
A = A

Table. 33 Result of Bollard Force(CASE 2, Scenario No.5,11,17)

A C F H I J
Scenario Bollard Head Fore Aft Aft Stern Fore
No.5 Spring | Spring | Breast Breast
Total 140.8 | 415 | 406 | 29 |122.6| 33.2
30kts Force i : ' ' '
L, Lisee &Bollard 4500, | 119% | 116% | 83% | 350% | 47%
Strength
A C F H I J
Scenario Bollard EE Fore Aft Aft Stern Fore
No.11 Spring | Spring | Breast Breast
ol 1443 | 43 | 438 | 29 | 135 | 36.9
40kts Force g i '
A, Tl &Bollard - | /100 | 1939 | 125% | 83% | 386% | 53%
Strength
A C F H I J
Scenario Bollard Head Fore Aft Aft Stern Fore
No.17 Spring | Spring | Breast Breast
Total 149.1 | 454 | 565 | 29 | 164.1| 42.5
50kts Force ' ' ’ ' '
i, Ll &Bollard |\ o6o, | 130% | 161% | 83% | 469% | 61%
Strength
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T
L)
o,

CASE 29] Scenario No.1~189| A4 2] 9] F3ko gk WA oyt
VA=, A LerE69.1ton)e] 31%°l8te] HowrEo] ZALd= Ao
= AT

Table. 34= CASE 29 t ¥ Scenario No.5,11,170149] A9 Zgko] o3k
WA Hdwg Hriasds 82 Jehd Zlolm, Fig 49+ ol& I#=
UEehd Aol Scenario No.5,11,1791A4 WEAje] Hojwrg -2 A4 W54 aadl

27t 8E, 108, 14Ec] wgstgon, % WEAe ey yo =
Ao B e,

Table. 34 Result of Fender Thrust(CASE 2, Scenario No.5,11,17)

Fender Max. Thrust(Ton)
aa | bb| cc | dd | ee | ff | gg | hh ii
30kts
1.0m, 10sec 8 7 7 i g 7 7 7 7
Thrust 40kts
(ton) 1.0m, 10sec 10 9 9 8 8 8 8 8 8
50kts
1.0m, 10sec 14 13 12 10 10 10 10 11 11
) ———F—{=— 30ks 1.0m_10sed
—[ o— 40k s 1.0m_10seg
4— S0kis 1.0m 10sed
a5 _ |
E r 1
= | T -
E 0 e £ - Y & s — f
B B . | |
= [ il © o -- . -
E Fl—.—T—H—'H
o T T T
as (a0 ] o ad = n aa hh ]
Fender Mo

Fig. 49 Result of Fender Thrust(CASE 2, No.5,11,17)
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Table.

el oba

ol

4)

4
[€]

5899)

O

Y

35+

%

-

)

3

30kts 2
i ol

No.13~16°l| A =

B7hE AL

A2 E4HU.

CASE

o] =
A

RO Z
Surge¢} Sway T Qo]
Scenario No.179|4+= Sway 2% 0.76m, Scenario No.18ol| A4 =

Sway LY LUME SAFAFS Zvbstel steddye Husx s

2¢] Scenario No.1~18¢l 4] <]
A4 B EASE B2 YeRd Zo)th

3 2~
Kl

o] -
A -

40ktse] Scenario No.1~129|4= Surge®} Sway -&82%©°]
BrrEAS. 28
& el

50ktse] Scenario
ZHo&g

Table. 35 Result of Loading Safety(CASE 2, Scenario No.1~18)

| Wind | Wave | Wave Max. Max. Loading
CASE |Scenario : .
Speed | Height | Period Surge Sway Safety
No.1 8 sec 0.13 0 GOOD
No.2 0.5 m |10 sec 0.27 0 GOOD
No.3 30 Kkts 12 sec 0.44 0 GOOD
No.4 8 sec 0.23 0 GOOD
No.b 1.0 m | 10 sec o 0 GOOD
No.6 12 sec 0.87 0 GOOD
No.7 8 sec 0.16 0 GOOD
No.8 0.5 m |10 sec 0.30 0 GOOD
CASE No.9 10 ks 12 sec 0.48 0 GOOD
2 No.10 8 sec 0.25 0 GOOD
No.11 1.0 m | 10 sec 0.56 0 GOOD
No.12 12 sec 1.04 0.57 GOOD
No.13 8 sec 0.19 0 GOOD
No.14 0.5 m |10 sec 0.34 0 GOOD
No.15 12 sec 0.52 0 GOOD
50 kts
No.16 8 sec 0.29 0 GOOD
No.17 1.0 m |10 sec 0.60 0.76 NO GOOD
No.18 12 sec 1.24 1.14 NO GOOD

¥ Allowable Criteria :

Collection @ kmou
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Fig. 51~53-& CASE 3¢] Scenario No.1~18°|4 o] Aw-$ ZF&ko| o3t AF2t
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SE A~

F<4 40ktse] Scenario No0.9,11,12, 5< 50kts®] Scenario No.13~189 4+
ChockE T Hsl= A4 =2kl 1o stz bh%oldel HujAg ol
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Fig. 51 Result of Mooring Line Tension(CASE 3, No.1~6)
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Fig. 52 Result of Mooring Line Tension(CASE 3, No.7~12)
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Fig. 53 Result of Mooring Line Tension (CASE 3, No.13~18)

Table. 362 CASE 3¢ th3 Scenario No.5,11,170A1¢] A9 =3k o
AT Aoy EAZ2435 22 YERH Aot

ot

Scenario  No.5, 111704  AlF4te] Hh@HE F3F 160° o4 Chock=
SIst= A =gk 1™ 2+t 21.6, 31.0E, 42.0=°] HAys= A=
BrrE AT A sl=ekle] HoAdge FE 160~170° oA A o,
Adr] 2”1 HAoAHEe FF 70~80° oA LAYSHTE Scenario
No.11,171 4= ChockE S#ste A szl 1Mo stz 65%E
Z33le Hdgo] dAystE A2 HUHEIA
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Result of Mooring Line Tension(CASE 3, Scenario No.5,11,17)

Table. 36
Moorin L1 L2 L3 L4 L5 L6
Line & [(Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
Head Head Head Head |F.Spring|F.Spring
Scenario | ouy | 160 170 170 | 220 160 160
NOD o ton | 216 | 137 | 125 | 103 | 97 | 104
30Kkt &of Strength 45% 28% 26% 22% 20% 22%
! Oms Moorin L7 L8 L9 1.0 L1l L12
) O ’ Line = (Winch) | (Winch) | (Winch) | (Winch) | (Winch) | (Winch)
Sec A .Spring|A.Spring| Stern Stern Stern Stern
Worstjaesetion | 230 | 230 80 80 80 80
Tension (Ton) 6.9 6.9 10.6 10.5 10.2 10
&of Strength 14% 14% 22% 22% 21% 21%
Moorin L1 L2 L3 L4 L5 L6
Line & [(Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
Head Head Head Head |F.Spring|F.Spring
DR L | £160 160 80 80 160 160
No.11 Tension (Ton) 31 16.4 14.8 12 11.6 12.5
&of Strength 65% 34% 31% 25% 24 % 26%
40kts Moorin L7 L8 L9 LO L11 L12
1.0m Lin = (Winch) | (Winch) | (Winch) | (Winch) | (Winch) | (Winch)
10sec © A.Spring|A.Spring| Stern Stern Stern Stern
Worst Direction
s 80 80 80 80 80 80
Tension (Ton) 8.5 3.4 13.4 14 15.1 15.2
&of Strength 18% 18% 28% 29% 31% 32%
Moorin L1 L2 L3 L4 L5 L6
Line & [(Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
Head Head Head Head |F.Spring|F.Spring
Scenario | ey | 160 160 165 80 160 160
No.17 Tension (Ton) 42 20.4 17.9 14.1 13.7 14.8
&of Strength 88% 43% 37% 29% 29% 31%
50kts Moorin L7 L8 L9 LO L11 L12
1.0m Line = (Winch) | (Winch) | (Winch) | (Winch) | (Winch) | (Winch)
10sec A.Spring|A.Spring| Stern Stern Stern Stern
Worst Direction
(s 80 80 80 80 80 80
Tension (Ton) 10.6 10.4 16.9 18.1 20.7 21
&of Strength 22% 22% 35% 38% 43% 44 %
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Fig. 54 Result of Mooring Line Tension(CASE 3, No.5)
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Fig. 55 Result of Mooring Line Tension(CASE 3, No.11)
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Fig. 56 Result of Mooring Line Tension(CASE 3, No.17)
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Fig. 57~59%= CASE 3¢] Scenario No.1~184 2] AW Z3ko] that AXMF
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T4 30kts®] Scenario No.l~6ellA & AT AASHEG5tonS Al oF
197%, &< 40ktsoll A ¢] Scenario No.7~120 4= <F 240%, &< 50ktsol A 2
Scenario No.7~12 ol A& ¢F 297% Z#3t= Ao E EAEIT

Oft
rlr

110

—a— 30kts_0.5m _8sec
100 #— 30ks 0.5m_10sec
—ir— 30kts 0.5m 12sec
—»— 3A0ks_1.0m_8sec
=] —a— 30ks_1.0m_10sec
—a— 30ks_1.0m_12sec

7o

&0

50

Bollard Force(f)

a0

20

10

Bollard Mo.

Fig. 57 Result of Bollard Force(CASE 3, Scenario No.1~6)
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Fig. 58 Result of Bollard Force(CASE 3, Scenario No.7~12)
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Fig. 59 Result of Bollard Force(CASE 3, Scenario No.13~18)
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Table. 37-& CASE 3¢ th¥ Scenario No0.5,11,17°1A412] A= =3Fo] tjsh
AXRF HAsls EA4Z24345 22 YERH Aot

Scenario No.5,11,1791A4 Al F2] HUlstesS Al FA ZH2E 54.5%, 68,0,
88.2=0] 2&3l= AR HriEoH, AT HASF35ton)S 22 oF

156%, °F 197%, °F 252% Z 33t o= EA4 53U

Table. 37 Result of Bollard Force(CASE 3, Scenario No.5,11,17)

Scenario Bollard = ¢ . -
W Head F.Spring | A.Spring Stern
- Total 545 20.1 13.8 41
Force
S &Bollard
1.0m, 10sec 156% 57% 39% 117%
Strength
. A C F I
% Bollafy Head | F.Spring | A.Spring | Stern
- d el 68.9 241 17 57.3
Force
sblzis &Bollard
1.0m, 10sec 197% 69% 48% 164%
Strength
) A C F I
% Rk Head F.Spring | A.Spring Stern
- TEES 88.2 285 20.9 76.2
Force
Bl &Bollard
1.0m, 10sec 252% 82% 60% 218%
Strength
- 89 -
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CASE 39| Scenario No.1~180 4 2] A Fako] tis aAle Hojwte 3
VA3, Hos 9 (59.1ton)e] 33%0)5te] HuwlzEo] Zest= Aoz BA
= AT

Table. 38-& CASE 3¢ tH¥ Scenario No.5,11,170149] A9 Zgko] o3k
WEA Huwy Hrid3E 22 Jepd ZelH, Figo 602 olE I Z=E
UErA Zo|tt Scenario No.5,11,179 4 W&o Hohwrte & A W34 aaol
Zkzy 7E, 128, 19+0] EAsidon, WFAY &8y o = A=

7HE AT

o

Table. 38 Result of Fender Thrust(CASE 3, Scenario No.5,11,17)

Fender Max. Thrust(Ton)
aa bb | cc | dd | ee ff gg | hh ii
30kts
1.0m, 10sec 7 7 6 5 4 O o 5) 5)
Thrust 40kts
(ton) 1.0m, 10sec 12 10 9 8 6 7 7 8 8
50kts
1.0m, 10sec 19 15 12 10 9 9 10 11 11
S e 30ks_10m_10sec]
P —s— 40xis_1.0m_10sec|
—a— 505 1.0m_10sec
15 ' 'Y |
Rl 5 s " ¥
% - i il | *
E . i
i = [
8 ; -8
.:I ]
=) o= - od Be ff og hih ii
Fander No

Fig. 60 Result of Fender Thrust(CASE 3, No.5,11,17)
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Table. 39% CASE 3¢ Scenario No.1~18°41¢] #u}9] ZE3ko] tj3dk
St AAY HriA¥E 2 YeRd Zlojt

<<% 30ktse] Scenario No.1~69l 4= Surgee} Sway &8 &o] 3&HP ol
J= AS=Z HUIHAUY. F5 40ktse] Scenario No.7~120]A4+= Sway &L
L13mz AT EFs st Aoz HrFHEAL, FE5 50ktse] Scenario
No.13~189 4= Sway &L %F 2 JAs8dFes 2He st

2.1m
Rz FatE Ao g BAHT

Table. 39 Result of Loading Safety(CASE 3, Scenario No.1~18)

. Wind | Wave | Wave Max. Max. Loading
CASE | Scenario \ .
Speed | Height | Period Surge Sway Safety
No.1 8 sec 0.28 0.22 GOOD
No.2 0.5 m |10 sec 0.42 0.22 GOOD
No.3 30 kts 12 sec 0.58 0.22 GOOD
No.4 8 sec 0.38 0.22 GOOD
No.5 1.0 m |10 sec 0.64 0.22 GOOD
No.6 12 sec 0.98 0.22 GOOD
No.7 8 sec 0.41 1.13 NO GOOD
No.8 0.5 m |10 sec e 1.13 NO GOOD
CASE No.9 10 kts 12 sec 0.71 1.13 NO GOOD
3 No.10 8 sec 0.51 1.13 NO GOOD
No.11 1.0 m | 10 sec 0.79 1.13 NO GOOD
No.12 12 sec 1.11 1.13 NO GOOD
No.13 8 sec 0.62 2.11 NO GOOD
No.14 0.5 m |10 sec 0.76 2.11 NO GOOD
No.15 50 kts 12 sec 0.92 2.11 NO GOOD
No.16 8 sec 0.71 2.11 NO GOOD
No.17 1.0 m | 10 sec 0.99 2.11 NO GOOD
No.18 12 sec 1.32 2.11 NO GOOD

% Allowable Criteria : Surge(peak-peak): 1.5m, Sway(zero - peak): 0.6m
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Fig. 62 Result of Mooring Line Tension(CASE 4, No.1~6)
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Fig. 63 Result of Mooring Line Tension(CASE 4, No.7~12)
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Fig. 64 Result of Mooring Line Tension(CASE 4, No.13~18)

Table. 402 CASE 4¢] 3% Scenario No.5,11,17o14¢] A9 Fgko] o3k
AFA Ay 4438 22 Uehd Aol

Scenario No.5,1L17el4  AlF2te HogA"HL FF 160° o4 Chocks
S9st= A =] 2 2k 17.28, 21.8E, 29.0E0] WA= Ao =
H7tE Aok A szl HoAE2 T 160~170° oA A o,
Anl ~Ele]l  HuHEe  Fg  70~80° oA wAIEATE  Scenario
No.17¢lAl= ChockE &Hste A =gl 29 Aastse 61%E
zete HUA o] YAt AR FrhE AT
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Table. 40 Result of Mooring Line Tension(CASE 4, Scenario No.5,11,17)

Vooring | LL [ T2 [ I3 T Lt [ L5 | L6 | L7
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
F.Breast| Head Head Head Head |F.Spring|F.Spring
Scenario | ' oas ™ | 160 170 190 200 220 160 160
No.5 Tension (Ton) | 10.8 17.2 13.1 12.3 10.4 8.2 8.8
&of Strength | 23% 36% 27 % 26% 22% 17% 18%
30kts Mooring L8 L9 L10 L11 L12 L13 L14
1.0m, Line (Winch) | (Winch) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
10sec A.Spring | A.Spring| Stern Stern Stern Stern |A.Breast
Worst orection | 220 | 220 50 50 60 80
Tension (Ton) 7 7 10.2 10.1 9.7 9.3 11.4
&of Strength | 15% 14% 21% 21% 20% 19% 24%
Mooring | L1 [ L2 [ I3 T Lt [ L5 [ L6 | L7
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
F.Breast| Head Head Head Head |F.Spring |F.Spring
Scenario | e | 160 160 170 170 220 160 160
No.11 | Tension (Ton) | 14.9 21.8 28 10.8 9.4 10
&of Strength | 31% 45% 29% 27% 23% 20% 21%
40kts Mooring L8 L9 L10 L11 L12 L13 L14
1.0m Line (Winch) | (Winch) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
10sec A.Spring | A.Spring| Stern Stern Stern Stern |A.Breast
Vot oasedon 1220 | 220 80 80 80 80
Tension (Ton) | 7.3 7.3 10.8 10.9 10.9 10.8 16.1
&of Strength | 15% ey 23% 23% 23% 23% 34%
Mooring L1 L2 L4 L5 L6 L7
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
F.Breast| Head Head Head Head |F.Spring|F.Spring
Scenario | g | 160 160 170 170 80 160 160
No.17 Tension (Ton) 21 29 16.2 14.6 11.7 10.7 11.5
&of Strength | 44% 61% 34% 30% 24% 22% 24%
50kts Mooring L8 L9 L10 L11 L12 L13 L14
1.0m Line (Winch) | (Winch) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
10sec A.Spring|A.Spring| Stern Stern Stern Stern |A.Breast
Worst ection | 80 80 80 80 80 80
Tension (Ton) 3.1 3 12.5 12.9 13.4 13.6 25
&of Strength | 17% 17% 26% 27 % 28% 28% 52%
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Fig. 65 Result of Mooring Line Tension(CASE 4, No.5)
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Fig. 66 Result of Mooring Line Tension(CASE 4, No.11)
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Fig. 67 Result of Mooring Line Tension(CASE 4, No.17)
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Fig. 68~70 CASE 49| Scenario No.1~18o4 2] Axte] =3ko] tfdh
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Fig. 68 Result of Bollard Force(CASE 4, No.1~6)
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Fig. 69 Result of Bollard Force(CASE 4, Scenario No.7~12)
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Fig. 70 Result of Bollard Force(CASE 4, Scenario No.13~18)
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Table. 41-& CASE 4¢] th® Scenario No0.5,11,17o1A412] A= =3k o

ok

AXNFE Atz 235 22 JEeERA Aot}

Scenario No.5,11,1791A4 Al F2] HUlstzsS Al FA ZHzE 49.7&, 55.6F,
66.9%=0] 2Z83l= AoZ HrIER oW, AXFo HASF35ton)S 4 oF
142%, °F 159%, ¢F 191% x3¥st= Ao E BEAET

Table. 41 Result of Bollard Force(CASE 4, Scenario No.5,11,17)

A C F H I J
Scenario Bollard Head Fore Aft Aft Stern Fore
No.5 Spring | Spring | Breast Breast
Total o0 ¢
20kts Force 49.7 17 13.9 11.4 39.2 10.8
i, Mo &Bollard | 100 | 499, | 40% | 33% | 112% | 15%
Strength
A C F H I J
Scenario Bollard Head Fore Aft Aft Stern Fore
No.11 Spring | Spring | Breast Breast
Totat 55.6 | 194 | 14.6 | 16.1 | 43.3 | 14.9
40kts Force e ' . ' ' ’
L0, e &Bollard | 1090 | 550, | 429 | 46% | 124% | 21%
Strength
A C F H I J
Scenario Bollard Head Fore Aft Aft Stern Fore
No.17 Spring | Spring | Breast Breast
Total ~e
5Okts Force 66.9 22.2 16.1 25.1 52.1 21
L0, e &Bollard 1114 | 630 | 469 | 72% | 149% | 30%
Strength
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CASE 49| Scenario No.1~180 4 2] AW Fako] tis aAle] Hojwte 3
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Table. 42 CASE 4¢] ti®% Scenario No.5,11,170 49 A=l =
WA AObty EEA5E 22 JeEhd Zlold, Fig 71 o0& I#EZ=
UErA Zo|tt Scenario No.5,11,179 4 W&o Hohwrte & A W34 aaol

27y 8, 12E, 19e°] A er, =5 BWsAe 58y ud sle

Table. 42 Result of Fender Thrust(CASE 4, Scenario No.5,11,17)

Scenario Max. Thrust(Ton)
aa bb | cc dd ee ff gg hh ii
30kts
No.5  |i1omiosec| 8 | 7| 7| 6| 5|5 |5 |55
40kts
Noll |4 Yosec| 12 | 10| 9 | 8 | 7 [ 7 | 7 | 8|8
50kts
No.17 1.0 19 15 13 10 9 10 10 10 11
.0m, 10sec
<o t t | a— ks 1.0m_10s&ec
o f—=— a0kis_1.0m_10ses
—a— S0kis_1.0m_10sec
i3 | I |
—— - T |
g 4 |
= = |
= ek
.10 - & o & &
3 . " !
E ..--q"_'_-' . b li- = - |
g - ""L—I—II—I—'II—
D T T T r T r L] !
ma bb (== ad (3 L og hih ii
Fender Mo,

Fig. 71 Result of Fender Thrust(CASE 4, No.5,11,17)
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Table. 43& CASE 49] Scenario No.1~18°41¢] 9 Egko] 3tk
st HrHAHE 2 YeRd Aot

5% 30kts 2 40kts®] Scenario No.1~12¢|4= Surge®} Sway &8 &o]
s8] el e AR HUiHdY. agar F£  50ktse]  Scenario
No0.13~189 A= Sway T2 085mE 3IAFLHFS 2o FAAAS
SRR Kol AeE EAEAT

Table. 43 Result of Loading Safety(CASE 4, Scenario No.1~18)

| Wind | Wave | Wave Max. Max. Loading
CASE | Scenario ) .
Speed | Height | Period Surge Sway Safety
No.1 8 sec 0.24 0 GOOD
No.2 0.5 m |10 sec 0.39 0 GOOD
No.3 30 kts 12 sec 0.55 0 GOOD
No.4 8 sec 0.33 0 GOOD
No.5 1.0 m | 10 sec 0.62 0 GOOD
No.6 12 sec 0.94 0 GOOD
No.7 8 sec 0.35 0.24 GOOD
No.8 0.5 m |10 sec 0.50 0.24 GOOD
CASE No.9 10 kts 12 sec 0.66 0.24 GOOD
4 No.10 8 sec 0.43 0.24 GOOD
No.11 1.0 m | 10 sec 0.74 0.24 GOOD
No.12 12 sec 1.05 0.24 GOOD
No.13 8 sec 0.50 0.85 NO GOOD
No.14 0.5 m |10 sec 0.64 0.85 NO GOOD
No.15 50 ks 12 sec 0.80 0.85 NO GOOD
No.16 8 sec 0.60 0.85 NO GOOD
No.17 1.0 m | 10 sec 0.87 0.85 NO GOOD
No.18 12 sec 1.20 0.85 NO GOOD

% Allowable Criteria : Surge(peak-peak): 1.5m, Sway(zero - peak): 0.6m
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Fig. 73 Result of Mooring Line Tension(CASE 5, No.1~6)
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Fig. 74 Result of Mooring Line Tension(CASE 5, No.7~12)
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Fig. 75 Result of Mooring Line Tension(CASE 5, No.13~18)

Table. 44= CASE 5¢] th3% Scenario No.5,11,17941¢] A9 Z3Fo| st
AT Aoy EAZ2435 22 YERH Aot

Scenario No.5,olA  AlfFAte] HuiAHES FF 190° oA A =gkl
3@ ol 13.1%, Scenario No.11,179 4] AlF/2te] HojdE > F3F 80° oA Aw
B 2ET 12Ho] 22 14.3E, 2095 0] 2 st= A O
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Table. 44 Result of Mooring Line Tension(CASE 5, Scenario No.5,11,17)

Mooring | TL [ T2 T 18 [ i T 15 [ 16 | 17
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
F.Breast |F.Breast| Head Head Head |F.Spring|F.Spring
| VoD | 160 | 160 | 190 | 190 | 200 | 20 | 20
—SCI\eIHaBrlO Tension (Ton) | 10.8 | 10.7 | 13.1 | 12.2 | 104 | 8.4 8.9
0.
&of Strength 22% 22% 27 % 25% 22% 17% 19%
30kts
1.0m | Moorig L8 | L9 | L10 | L1l | L1z | L13 | Li4
g . . . . . .
1 0see Line  Winch)| (Winch)| (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
A.Spring|A.Spring| Stern Stern Stern |A.Breast|A.Breast
Worst Diecion | 990 | 220 | 50 | 50 | 50 | 80 | 80
Tension (Ton) 6.9 6.9 10.3 10.2 9.8 12.2 11.2
&of Strength 14% 14% 22% 21% 20% 26% 23%
Mooring | L1 [ 12 T L3 [ Li T 15 [ 16 | L7
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
F.Breast |F.Breast| Head Head Head |F.Spring|F.Spring
Scenario | ey | 160 160 170 170 | 200 160 160
No.11 Tension (Ton) 14.2 14.1 14.1 12.9 10.8 9 9.6
&of Strength 30% 29% 29% 27 % 22% 19% 20%
40kts Mo L8 L9 L10 L11 L12 L13 L14
1.0m Line (Winch) | (Winch) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
10sec A.Spring | A.Spring| Stern Stern Stern |A.Breast|A.Breast
Worst ouseton | 220 | 220 50 50 50 80 80
Tension (Ton) 7.2 7.2 10.7 10.6 10.2 14.3 13.1
&of Strength 15% 15% 22% 22% 21% 30% 27 %
Mooring L L2 LB I.A L l.'6 l.'7
Line (Chock) | (Chock) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
F Breast |F.Breast| Head Head Head |F.Spring|F.Spring
Scenario | "2 | 160 | 160 | 170 | 170 | 170 | 160 | 160
No.17 Tension (Ton) 20 20 16.2 14.6 11.4 10.1 10.8
&of Strength 42% 42% 34% 31% 24 % 21% 23%
50kts Mot L8 L9 L10 L11 L12 L13 L14
1.0m Line (Winch) | (Winch) | (Winch) | (Winch) | (Chock) | (Winch) | (Winch)
10sec A.Spring | A.Spring| Stern Stern Stern |A.Breast|A.Breast
Worst Diectin | 900 | 220 | 70 | 70 | 80 | so | 80
Tension (Ton) 7.7 7.6 11.5 11.6 11.7 20.9 19.1
&of Strength 16% 16% 24% 24 % 24 % 43% 40%
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Fig. 76 Result of Mooring Line Tension(CASE 5, No.5)
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Fig. 77 Result of Mooring Line Tension(CASE 5, No.11)
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Fig. 78 Result of Mooring Line Tension(CASE 5, No.17)
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Fig. 79 Result of Bollard Force(CASE 5, Scenario No.1~6)
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Fig. 80 Result of Bollard Force(CASE 5, Scenario No.7~12)
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Fig. 81 Result of Bollard Force(CASE 5, Scenario No.13~18)
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Table. 45+ CASE 5¢] th® Scenario No0.5,11,17o1A412] A=} =3k o)t

AT Hdsts £42AE 22 Yehd Zolth

Scenario No.5,11,1791A4 Al F2] HUlstzsS Al FA ZHz 35.6%, 374%F,
42.1E0] Z&3= o2 HrIEHAoH, AAXF HA st (35ton)S 224 <oF

102%, °F 107%, °F 120% 233t Ao = EA4 53U

Table. 45 Result of Bollard Force(CASE 5, Scenario No.5,11,17)

A C F H I J
Scenario Bollard Head Fore Aft Aft Stern Fore
No.5 Spring | Spring | Breast Breast
Total 356 | 17.3 | 13.8 | 23.4 | 30.2 | 215
30kts Force ' ' ' ' ' '
i, Ll &Bollard | 1000 | 499 | 39% | 67% | 86% | 31%
Strength
A C F H I J
Scenario Bollard Head Fore Aft Aft Stern Fore
No.11 Spring | Spring | Breast Breast
Lotal 374 | 185 | 144 | 274 | 315 | 283
40kts Force ' i ' ' ' '
L0, Lisee &Bollard | 1070, | 53% | 41% | 78% | 90% | 40%
Strength
A C F H I J
Scenario Bollard Th i Fore Aft Aft Stern Fore
No.17 Spring | Spring | Breast Breast
Total .
5 Okts Porce 42.1 20.9 15.3 40 34.8 40
L, Lsee &Bollard | 1000 | 60% | 44% | 114% | 99% | 57%
Strength
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CASE 59] Scenario No.1~180 4 2] -] F3ko sk WA = vt
VA=, A LerE69.1ton)e] 31%°l8te] HowrEo] ZALd= Ao
= A

Table. 46 CASE 5] th¥ Scenario No0.5,11,17o|4¢] AW ZFako] o3t
WA Hdiwkg EA23E 22 yehd ZolW, Fig. 82+ ol 1=
Uehd Aol Scenario No.5,11,170 A4 ®W3A]e] Hojwte-& A4 W34 aadl
24zt 8, 12¢, 18=°] Asilen, mF WsAel &Rty U Us
2o 2 HI7FE AT

Table. 46 Result of Fender Thrust(CASE 5, Scenario No.5,11,17)

Fender Max. Thrust(Ton)
aa bb | cc dd ee ff gg hh ii
1.01?10k1tgsec 8 8 7 6 6 6 6 6 6
Thrust 40kts
(ton) 1.0m, 10sec 12 11 9 8 [ 8 8 8 8
oM |18 | 15 [ 13 | 11 |10 | 10 | 10 | 10 | 11
= —e— 30Ks_1.0m _10sec
a —e— 40Ki5_1.0m_105ec
2 | [— 50ids_1.0m_10sec
15 j | [
Zh: . ‘. o |
5 1 T f = i rs . ar "d_.‘?
& " ! | ) !
E L 3 —-f "\--.._-_ L __'I*‘.__ " L [ ] le
R 8
o ¥ T 3 ¥ =
aa bb cc ol e " oo = ii
Fender Mo

Fig. 82 Result of Fender Thrust(CASE 5, No.5,11,17)
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Table. 478 CASE 5¢ Scenario No.1~18941¢] #u}g] ZE3ko] tj3dk
St AAY HriA¥E 2 YeRd Zlojt

5% 30kts, 40kts, 50ktse] Scenario No.1~18¢ A Surge®} Sway &8 o]

489 el Y ACE BrhHel, RE =AM gAY Huss
Ao wAE

Table. 47 Result of Loading Safety(CASE 5, Scenario No.1~18)

.| Wind | Wave | Wave Max. Max. Loading
CASE |Scenario ) .
Speed | Height | Period Surge Sway Safety
No.1 8 sec 0.24 0 GOOD
No.2 0.5 m |10 sec 0.39 0 GOOD
No.3 30 kis 12 sec 0.55 0 GOOD
No.4 8 sec 0.34 0 GOOD
No.5 1.0 m |10 sec 0.62 0 GOOD
No.6 12 sec 0.88 0 GOOD
No.7 8 sec 0.37 0.15 GOOD
No.8 0.5 m |10 sec ® Sk 0.15 GOOD
CASE No.9 10 kts 12 sec 0.67 0.15 GOOD
5 No.10 8 sec 0.45 0.15 GOOD
No.11 1.0 m |10 sec 0.68 0.15 GOOD
No.12 12 sec 1.06 0.15 GOOD
No.13 8 sec 0.51 0.59 GOOD
No.14 0.5 m |10 sec 0.65 0.59 GOOD
No.15 50 ks 12 sec 0.82 0.59 GOOD
No.16 8 sec 0.61 0.59 GOOD
No.17 1.0 m |10 sec 0.89 0.59 GOOD
No.18 12 sec 1.21 0.59 GOOD

% Allowable Criteria : Surge(peak-peak): 1.5m, Sway(zero - peak): 0.6m
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2asRe, nA%E ARt 49 U At walel sgo] Wise
517 %, 3 1om, WF7] 102 oAl BAelN AtHom AR 2
o] wAystel AFAte Aol sgelEe 5%5 st AL
dnslx Ras Aoz AEHYen, IAE AFAL 102 o4
Azr\wgel ol@ ool o GWA ZWoA W Ak Aow
A=Y

Adeem BE2EgRlE BAtsteE 7 -$(CASE 1o|A CASE 28 R7Z, 11¥
CASE 30l CASE 4==58 RZHE Wusrd, 1725 AFY 43¢
AF2te] Avgdol Z2aw A4 SEHNS 2AstE F2A Holuyz)
stglont, B L0m, #57] 10 o4 B
et 55%5 ZFste] ML FREA FEiE= Aow AEHJU
a8Y YUE AR #S CASE 39 Uwk AFH|H Aol: E4 40KTS,

B3 10m, HF7] 102 ol 42 =AA AR HArhgol werslFel 5%
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N
o
N
S

!

*

<

O+ T T T T T T T T T T T T T T oOt+—T—T—T—7 7T T T T T T T T T T T T T
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Scenario No.1 Scenario No.

Fig. 83 Max. Mooring Line Tension(CASE 1,2 and CASE 3,4,5)

Table. 48 Max. Mooring Line Tension(CASE 1~5)

.| Wind | Wave | Wave
Scenario i 1 CASE 1 | CASE 2 | CASE 3 | CASE 4 | CASE 5
Speed |Height| Period
No.1 8 SEC 28% 24% 28% 15% 17%
No.2 0.5 M | 10 SEC 38% 34% 33% 25% 19%
No.3 30 KTS 12 SEC 49% 44 % 38% 29% 23%
No.4 8 SEC 40% 36% 34% 25% 20%
No.5 1.0 M | 10 SEC| ERROR 59% 45% 36% 27 %
No.6 12 SEC | ERROR 72% 54 % 45% 36%
No.7 8 SEC 35% 27 % 46% 28% 23%
No.8 0.5 M | 10 SEC 46% 38% 52% 33% 25%
No.9 10 KTS 12 SEC 59% 48% 55% 38% 26%
No.10 8 SEC 48% 40% 53% 34% 26%
No.11 1.0 M | 10 SEC| ERROR 63% 65% 45% 30%
No.12 12 SEC | ERROR 78% 74% 55% 38%
No.13 8 SEC 48 31% 67% 42% 35%
No.14 0.5 M | 10 SEC 60% 42% 74% 48% 37%
No.15 50 KTS 12 SEC | ERROR 53% 79% 52% 38%
No.16 8 SEC 62% 44% 75% 49% 38%
No.17 1.0 M | 10 SEC | ERROR 86% 88% 61% 43%
No.18 12 SEC| ERROR 116% 98% 70% 44%

AT tAA ZHol M= Fig. 849} Table. 499k z+o] CASE1-~59] tha 79
= Scenariodl A tiEEFo AAF AASIFGIE)S 2HEE dHFo

dAste], AL S FEEA Xdle AR HAEHUH. £ L FANA
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Agete Ae ANF FHA SWA v RARY Ao BAEAoH,
WARFE ANE §3F 34, 2 AdF dA=E AR 5 ABGA ol
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g AFA A d2E B3 AT b gEVE Bed AoE HEHIH
I e CASE 1 600 1-A—CASE 3
500 ] . s00 ] CASE 5
450 4 ’ / 4 450
5400 4 7 i\ s 400
8 350 A\ / . * 8 a0
£ 300 ‘/'\ . E VA S 2 300
E 250 / / . E 250 /
B200] ¢ . b & 200 A /\/
150 -| 150 Nt
100 < Criteria for Bollard Force: 100% 100 4 ‘(/‘ > OCmefa!orEolwdFochwO%. > * >
50 50 2
0o 123 4567 8 9101 1213 14 15 16 17 18 00 12 3 4567 8 910111215 14 15 16 17 18
Scenario No. Scenario No.

Fig. 84 Max. Bollard Force(CASE 1,2 and CASE 3,4,5)

Table. 49 Max. Bollard Force(CASE 1~5)

.| Wind | Wave | Wave
Scenario . ) CASE 1 | CASE 2 | CASE 3 | CASE 4 | CASE 5
Speed |Height| Period
No.1 8 SEC 202% 193% 94% 83% 60%
No.2 0.5 M | 10 SEC 292% 282% 114% 101% 74 %
No.3 30 KTS 12 SEC 360% 350% 133% 120% 88%
No.4 8 SEC 291% 281 % 113% 100% 72%
No.b 1.0 M | 10 SEC | ERROR 402% 156% 142% 102%
No.6 12 SEC | ERROR 471% 197% 183% 133%
No.7 8 SEC 226% 205% 131% 96% 64 %
No.8 0.5 M |10 SEC 317% 295% 152% 117% 78%
No.9 10 KTS 12 SEC 386% 360% 172% 136% 93%
No.10 8 SEC 316% 294 % 152% 116% 7%
No.11 1.0 M | 10 SEC| ERROR 412% 197 % 159% 107 %
No.12 12 SEC | ERROR 503% 240% 201% 138%
No.13 8 SEC 276% 221% 182% 126% 87%
No.14 0.5 M | 10 SEC 366% 312% 205% 147% 96%
No.15 50 KTS 12 SEC| ERROR 374% 226% 167 % 106%
No.16 8 SEC 366% 311% 205% 147 % 100%
No.17 1.0 M | 10 SEC| ERROR 469% 252% 151% 120%
No.18 12 SEC | ERROR 554 % 297 % 234 % 152%
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HZ2) FAA =mHo A= Fig. 85¢} Table. 503 o] CASE1~59] st =&
Scenariod| Al WEA7E HEHEE oo Qe AS=E HriEo, FET
AL HuII Y 0T BAHU ot tART YAss sHol
thgAube] Aml SollA AR whe} o] g o] Ly FA M A=
WA= A 23R Zkr] WEelgta EET.(EY %, 2017)

#7 [ —acase okokok Kk
o CASE 2 4 4 ¢« €« ¢« @
4— CASE 3 s !
15 - v CASE4 oo o o
- < CASE5 “‘ J
Em_ I
;g L a2 B 2 d/
0 W 2R %4% 38 7sc2;n:rio1:‘o1.1 12 13 14 15 16 17 18
Fig. 85 Max. Fender Thrust(CASE 1~5)
Table. 50 Max. Fender Thrust(CASE 1~5)
.| Wind | Wave | Wave
Scenario . . CASE 1 | CASE 2 | CASE 3 | CASE 4 | CASE 5
Speed |Height| Period

No.1 8 SEC 7 3 7 3 3

No.2 0.5 M | 10 SEC 7 8 7 3 3

No.3 12 SEC 7 8 7 3 3

No.4 30 KTS 8 SEC 7 8 7 3 8

No.5 1.0 M | 10 SEC| ERROR 3 7 3 3

No.6 12 SEC| ERROR 8 7 8 3

No.7 8 SEC 10 11 12 12 12

No.8 0.5 M | 10 SEC 10 11 12 12 12

No.9 12 SEC 10 10 12 12 12

No.10 40 KTS 8 SEC 10 11 12 12 12

No.11 1.0 M | 10 SEC | ERROR 10 12 12 12

No.12 12 SEC | ERROR 11 12 12 12

No.13 8 SEC 16 15 19 19 18

No.14 0.5 M | 10 SEC 16 15 19 19 18

No.15 12 SEC| ERROR 15 19 19 18

No.16 o0 KTS 8 SEC 16 15 19 19 18

No.17 1.0 M | 10 SEC | ERROR 14 19 19 18

No.18 12 SEC| ERROR 18 19 19 18
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olFo] ZHoA AR H2 4AlFA(Elongation) o E  Qlste] A o
T a0 Zyle 2 AAZT LY 2712 FEAHE L FREA Ei= Ao
AE HYoy, Agu BHAEDQES CASE Lt Zo] RS 3¢
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Fig. 86 Max. Surge & Sway(CASE 1~5)
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Table. 51 Max. Surge & Sway(CASE 1~5)

i::; szie“edd I?:;’Et :Z:Z)ed :vrag; CASE 1|CASE 2| CASE 3| CASE 4 |CASE 5
" - sst\gagye 014 | 015 [ 028 | 024 | 024
No.2 0.5 M | 10SEC iivrfye 0'58 0.57 8:3; 0'59 060)9
i | el o oo o a
Nou | KTS QSEC zl\l;ag; 0.53 0.53 8;2 0.33 0.34
No.5 1.0 M | 10SEC z‘j;fye é;i 0'052 8:23 0'5’2 0'532
T - === = as
No. S 005 10 [ 113 [ 02t [ o1
No | |05 M |108BC [ T 0TS
v o | et B e s
o] [ e 1 s
o
Nol1| | Lo |1osne| S RE e e
i 7 o A N TR R
No.13 SSEC |G| 036 |0 | 211 | 085 T 053
No.14 0.5 M | 10SEC ?ﬁj 06?37 0'34 g:zf 8:2; 8:22
Nos| t2sec ST 0 T 211 [ 085 [ 055
Noao| || asEC KO 0 | 211 | o5 | 039
o] o e
o] | | i e

% Allowable Criteria :
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Surge(peak-peak): 1.5m, Sway(zero - peak): 0.6m
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RISK MATRIX (Bollard) RISK MATRIX (Bollard)
SIGNIFICANT [SIGNIFICANT o  wiomecmon B SIGNIFICANT [SIGNIFICANT Wi __ wbopmeemon
HEIGHT PERIOD 000 " [030 * 060 ~ [090 * [120 * [150 " [180 " [210 " [240 * [270 “ [300 - [330 HEIGHT PERIOD D 000 " [030  [060 ~ [090 “ [120 ~ [150 " [180 " [210 " [240  [270 - [300 - [330
8 SEC [ § SEC
05M 10 SEC 05M 10 5EC
12 SEC o 12 SEC .
8 SEC OKTS 5 SEC 30KTS
10M 10 SEC 10M 10 SEC
12 SEC 12 5EC
8 SEC 8 SEC
05M 10 SEC 05M 10 5EC
12 SEC - 12 SEC N
3 55C 40KTS 5 SC 40K’
0M 10 SEC 1LO0M 10 SEC
12 SEC 12 SEC
§ SEC 5 SEC
05M 10 SEC o 10 SEC
12 SEC ) 12 5EC .
8 SEC O § SEC oK
oM 10 SEC 10 10 SEC
12 SEC 12 SEC
l:| ALEZ A0S 0-90% 0I5t l:l A
Fig. 87 CASE 3, Risk Matrix for Bollard(35T & 50T)
RISK MATRIX (Bollard) RISK MATRIX (Bollard)
SIGNIFICANT | SIGNIFICANT | e WIND DIRECTION SIGNIFICANT | SIGNIFICANT | wpon WIND DIRECTION
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8 SEC 8 SEC
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12 SEC 12seC | = _
:l AT 2543 0-50% ol l:l AT HCHTE 90-100% 0f a.- AT AHE 100% 23

Fig. 88 CASE 5, Risk Matrix for Bollard(35T & 50T)
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