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A Study on Minimum Required Channel Width in Domestic port

by using Ship Handling Simulator

Kim HyunSuk

Department of Coast Guards Studies

Graduate School of Korea Maritime & Ocean University

Abstract

As the shipbuilding industry and cutting-edge scientific technology have
developed globally, all the countries of the world have expanded vessels
competitively. Also, the vessel enlargement and its speedup have accelerated
due to increase in quantity of goods transported in the port and cost
reduction in the marin transport. This situation has spurred the necessity of
considering every aspects that can happen in the port in different

perspectives and dealing with them.

Especially, the safety in passage depending on large vessel’ s
arrival/departure in the waterway should be top priority in respect of
marine transportation. As the windage area in the vessel as well as area
below water line increased, the influence of the wind and current
increased, resulting in the increase of influence on the safety of vessel’ s

course in the arrival/departure of the waterway. And also, the level of



influence by the wind and current will be varied depending on the speed
of the vessel. Thus, the waterway are closely associated with external

factors such as the size of vessel, maneuverability and sailing environment.

The waterway means channel which 1is officially designated and
announced to use as an access way. The waterway should be designed,
taking the maritime traffic environment, terrain, weather and marine
condition into account so as to ensure the safe navigation and facilitate
shipbuilding. And the waterway width should be determined in consideration
of the weather and marine condition including the vessel data, waterway
traffic, traffic flow, waterway length, marine traffic volume, current

intensity and direction and natural environment.

The waterway design is essential ingredient to construct the port in safe,
efficient way from the point of view of vessel’ s operator and also, the
vessel’ s course keeping ability greatly affects determining waterway width
when designing the waterway. In addition, the breadth has increased to
improve the transport ability when the waterway depth is limited. Thus, the
determination of waterway width becomes more significant factor in

designing the waterway.

The safe shipbuilding are dependent upon the vessel factors such as the
size of wvessel which will use the waterway and maneuverability;
environmental factors such as wind, current and wave; the aids to
navigation factors such as placement of aids to navigation and its
performance; and human factors including experience and judgement of

master and pilot.

Therefore, the purpose of this study is to examine the present state of
domestic and foreign design criteria, especially regarding the determination

of appropriate channel width, specify the vessel based on general

- xXil —



maneuverability and estimate the appropriate waterway width, considering
the evaluation elements suggested by each criteria. Also, this study aims to
design the simulation scenario including environmental factors and vessel’ s
maneuverability and analyze the correlation with evaluation elements that
affect the determination of minimum required channel width through the

assessment of Fast-time simulation.

When the waterway will be determined in future for development or
redevelopment, these study results can be utilized for the waterway design
that takes the size of vessel, maneuverability and sailing environment into

consideration.

KEY WORDS: Minimum required channel width, Domestic and Foreign
Design Criteria, Fast-Time Simulation, Ship Factor, Environmental Factor
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Table 1 Channel width of Two-way for fishing boat - KOREA Guidelines
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Criteria
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Fig. 4 Channel width of One-way and Two-way in fishing port
- KOREA Guidelines
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Ship speed

Windage of the vessel(relative to lateral submerged area)

Depth/draught ratio

Wind speed and direction relative to the ship

JF 284 2 ) HAYS FANY AT W57 wsel o

HAF ER7H WHE DAY $ste] W) darow zelor ATk el
ol tF FE Z 4 Aol Muto] AMow MASEA £ 20
aelste] F48) ok o}

Fig. 5 Ship course under strong wind conditions — PIANC Guidelines
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q71A,
W : width of basic manoeuvring lane as a multiple of the design
ship’ s beam B
MW . additional widths to allow for the effects of wind, current, etc

Wyr, Wy @ bank clearance on the ‘red’ and ‘green’ sides of the channel

EWP . passing distance, comprising the sum of a separation distance
between both manoeuvring lanes W,, and additional distance

for traffic density



1) Basic Manoeuvring Lane, Wj,,

ol et AAEY AT E

E
=

, HE, =99

o}

2 #HgHd, =2

A}

¢ == 2 (Twin-propeller)

Table 2 Basic Manoeuvring Lane - PIANC Guidelines

$—
S| %
Q|
(D]
©
v e e
L | "
01
=
=)
S| =
Gl
J
Z |
= | A
QO
oT1)
£ |2
—
= I
218 5
2k
= |2
(o
= .2
Ry
a8

2) Environmental and Other Factors, W,

=K

Q 3= Z2 Table 37 Z

Gl

o] AA= o At



Table 3 Additional width for straight channel sections — PIANC Guidelines

Environmental and Vessel | Outer Channel Inner Channel
Other Factors, W, Speed (Open water) (Protected water)
(a) Vessel speed Vs (kts)
Vs = 12 kts Fast 0.1B
8 kts <V« 12 kts Mod 0.0B
5 kts <V« 8 kts Slow 0.0B
(b) Prevailing cross wind
Vew (kts)
- mild Fast 0.1B
Ver < 15 kts Mod 0.2B
(< Beaufort 4) Slow 0.3B
- moderate Fast 0.3B
15 kis <Vi< 33 kts Mod 0.48
(Beaufort 4 - 7) Slow 0.6B
- strong Fast 0.5B
33 kts <V.< 48 kts Mod 0.78
(Beaufort 7 - 9) Slow LIB
(c) Prevailing cross current
Vee (kts) All 0.0B 0.0B
- negligble Fast 0.2B 0.1B
Vee < 0.2 kts Mod 0.25B 0.2B
Slow 0.3B 0.3B
- low
0.2 kts <V 0.5 kts | Fast 0.5B 0.4B
Mod 0.7B 0.6B
- moderate Slow 1.0B 0.8B
0.5 kts <V< L5 kts
_ strong Fast 1.0B 0.0B
Mod 1.2B 0.0B
15 kis <Ve 20 KS | g L6B 0.0B




Environmental and Vessel | Outer Channel | Inner Channel
Other Factors, W, Speed | (Open water) | (Protected water)
(d) Prevailing longitudinal
current Vic (kts)
- low All 0.0B
Vic < 1.5 kts
Fast 0.0B
- moderate Mod 0.1B
15 kis < Vic < 3.0 kts | SOV 0.28
Fast 0.1B
- strong Mod 0.2B
Vic = 3.0 kis Slow 0.4B
(e) Beam and stern quartering
wave height Hs (m)
-Hs <= 1m All 0.0B 0.0B
-I1m<Hs<3m All ~0.5B 0.0B
-Hs = 3 m All ~1.0B 0.0B
(f) Aids to Navigation(A to N)
- excellent 0.0B
- good 0.2B
- moderate 0.4B
(g) Bottom surface
- if depthh = 15T 0.0B
- if depth h < 1.5 T then
- smooth and soft 0.1B
- rough and hard 0.2B
(h) Depth of waterway h h =15T |00B| h = 15T |00
15T >h= 1.25T | 01B| 15T >h= 115T | 0B
h<125T |02B| h<115T |04B

(i) High cargo hazards

Cargo hazards are as prescribed in IMO

and national regulations and include




3) Additional Width for Bank Clearance, Wy, , Wy,
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Fig. 7 Bank clearance - PIANC Guidelines

Table 4 Additional width for bank clearance - PIANC Guidelines

Additional Width for
Vessel | Outer Channel Inner Channel
Bank Clearance
Speed (Open water) (Protected water)
(Wyp and/or Wye)
Gentle underwater channel fast 0.2B 0.2B
' mod 0.1B 0.1B
slope(1:10 or less steep) slow 0.0B 0.0B
Sloping channel edges fast 0.7 0.7B
mod 0.5B 0.5B
and shoals slow 0.3B 0.3B
Steep and hard fast 1.3B 1.3B
mod 1.0B 1.0B
embankments, structures slow 0.5B 0.5B
Note: Wy, and Wy, are widths on ‘red’” and ‘green’ sides of channel




4) Additional Width for Passing Distance in Two-way traffic, W,
w3 FF FERoAMY TF Al W FF = Fo AFsiEE 2
Adutel ofF-ol AARel Tt 7HE & e Ak AEBeam)s AHSRITH
@0l nls) Fdo] Aeoe v W F= Fo] FasAT dutxow
_%_.

42 7d 2A @AM E 2YskA E=

G GrolA Aol ME B3 Agle] %7} G ZL Table 59 2},

Table 5 Additional width for passing distance in two-way-traffic
- PIANC Guidelines

Additional Width for Passing Outer Channel Inner Channel
Distance in Two-way traffic, W, (Open water) | (Protected water)

Vessel speed Vy(knots)

- Fast Vg = 12 2.0B 1.8B
- Moderate : 8 < V< 12 1.6B 1.4B
- Slow 5 <V, <8 1.2B 1.0B




2.2.2 JAPAN Guidelines
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2) Verification for Class 2(Performance-based Approach)

G2 F A4S AP AR e (4 231 2t

Wigpan = WBM+ VV}F (2 2.3

71 A,

Wy, © Width of basic maneuvering lane

W, : additional width requisite against interaction forces

71 R F Wy, 2[4 24]9F Zo], 471HA 9] 248 FAE] ATh

Winr = a(Wyp+ Wep+ Wy + Wpp) (& 2.4)

Aq71A,

Wy + Width requisite against Wind Forces
W« Width requisite against Current Forces
Wy,, + Width requisite against Yawing Motion

Wyp + Width requisite for Drift Detection

JAPAN Guidelinesl H & W, ol thit zzte] @42 Fig. 8~Fig. 103 2o

dehie] gt duke) 51 AL weiste o4

—_—

gt} ok 7)o A e Wy, & PIANC Guidelinesell H tha Mdte] 2% A%
o] AA = A Wind/Currents/Wave ol we} tha Adle] g 3
AARAG= oA AEstET L B 4



o fr: Drift angle due to wind forces

Drift angle: f=fi+ /s | K 2 Drift angle due to current forces

Wwr + Wer: Drift due to wind and current forces

| Wwr + Wer= Loasin § +B-cos |

Fig. 8 Width requisite against wind and current forces — JAPAN Guidelines

Fig. 9 Width requisite against yawing motion - JAPAN Guidelines
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Fig. 10 Width requisite for drift detection - JAPAN Guidelines

T3, e g e FU @2 F ow, = [4 2518 2ol 7HA Y

Wy =Wy, +bWp, +cW,, (2] 2.5)

71 A,

Wy, : width requisite against Bank Effect forces
Wy, © width requisite against two-ship interaction in Passing

W, = width requisite against two-ship interaction in Overtaking




[2} 2.4] B [4] 25]9lA A5 a, b, ce B+ 2o

a=1 and b=c=0 . for one-way channel
a=2, b=1 and c=0 : for two-way channel
a=4, b=1 and c=2 : for four-way channel

2.2.3 USACE Guidelines
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1) Traffic pattern(one-way or two-way)

2) Design ship beam and length

3) Channel cross section shape

4) Current speed and direction

5) Quality and accuracy of aids to navigation

6) Variability of channel and currents
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Table 6 One-way ship traffic channel width design criteria
- USACE Guidelines

Design Ship Beam Multipliers for Maximum Current
Division
0.0 ~ 0.5 knots | 0.5 ~ 1.5 knots | 1.5 ~ 3.0 knots
Best Aids to Navigation
Shallow water 3.0B 4.0B 5.0B
Canal 2.5B 3.0B 3.5B
Trench 2.75B 3.25B 4.0B
Average Aids to Navigation
Shallow water 3.5B 4.5B 5.5B
Canal 3.0B 3.5B 4.0B
Trench 3.9B 4.0B 5.0B
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Fig. 12 Channel design width - USACE Guidelines
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Table 7 Two-way ship traffic channel width design criteria

Design Ship Beam Multipliers for Maximum Current

0.0 ~ 0.5 knots | 0.5 ~ 1.5 knots | 1.5 ~ 3.0 knots

Division

Best Aids to Navigation
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Table 8 Comparison of appropriate channel width in design criteria

Di KOREA PIANC JAPAN USACE
V.
Guidelines Guidelines Guidelines Guidelines
One
0.5L~1.0L 1.5B~9.3B 0.5L~1.0L 2.5B~5.5B
way
Two
1.0L~2.0L 4.2B~18.0B 1.0L~2.0L 4.0B~8.0B
way
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Table 9 Channel characteristics in Domestic Ports

Traffic ship | Traffic
Division CW CL CD (Max. size) | Ship Avg.
(Port / Channel) (m) (km) (m) Loa | Beam | Speed
(m) (m) (kts)
No. 1 340 5 DL(-) 13.4| 366 51 10.0
Busan
No. 5 770 3 DL(-) 16.4 | 400 59 11.7
No. 2 400 2 DL(-) 14.5| 183 32 8.8
Kwang
No. 3 380 3 DL(-) 20.9 | 339 46 9.9
Yane MNo. 4 | 420 3 |DLO) 131 339 | 60 9.8
No. 1 480 12 DL(-) 11.8 | 333 60 7.8
No. 2 190 1 DL(-) 12.4 | 229 32 9.3
Ulsan
No. 3 300 3 DL(-) 18.7 | 260 32 9.5
No. 4 300 5 DL(-) 25.0 | 245 42 9.4
No. 1 410 23 DL(-) 9.0| 348 47 9.7
Incheon
No. 3 830 13 DL(-) 12.1| 345 55 8.4
Pyeong
Taek - | Passage 740 15 DL(-) 12.4| 345 95 9.3
Dangjin
No. 1 870 14 DL(-) 21.0 | 333 60 11.3
Daesan
No. 2 290 2 DL(-) 13.5| 123 20 10.6
Jeju | Passage 90 1 DL(-) 6.8| 192 27 9.5
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Fig. 13 Comparison between CW and CL in Domestic Ports
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Table 10 Group of channel width and length

Division CWwW CL
Remark
(Group / Port / Channel) (m) (km)
Group A | Inch Noo1 | 40 | 23 | VS CMaw
roup cheon 0. s,
Incheon No. 3 830 13
. : Ulsan No. 1 480 12 oW > cw,,
roup eongtaek
By ngt“ Passage 740 15 CL > CL 4,
-Dangjin
Daesan No. 1 870 14
Busan No. 1 340 5
No. 2 400 2
Kwangyang No. 3 380 3
No. 4 420 3
G C No. 2 190 1 W< CWoay
o o CL < CL y,,
Ulsan No. 3 300 3
No. 4 300 5
Daesan No. 2 290 2
Jeju Passage 90 1
G D B No. 5 770 3 CW > OW gy
roup usan 0. L <cr,,




3.2.1 Busan Port

Fargd2 A1z 3 ASFRAA iy Aol F= Fdsta dow, Ha

g2 Fo A, AlFEE of 340m, ASFEE= of 7T70melty. F=E FIHst=
Ao =715 Ad¥HMax size Traffic ship : 7S .02 A%, AlFZ= AHoUA

H 5%z
(Two-way)

Fig. 15 Traffic data of No. 1, 5 Channel - Busan Port




Table 11 Busan Port characteristics

TSmaX
Division L = A 1
0a eam Vg. spee
(Port / Channel) Type
P (m) (m) (kts)
No. 1 Container ship 366 51 10.0
Busan : :
No. 5 Container ship 400 59 11.7
- Wind : Avg. speed 8 knots / Max. speed 51 knots
- Current : Max. speed(0.6~2.0 knots)

3.2.2 Kwangyang Port

R AR, Ad4FZoA Y Ao] F2 F3sta o

T, A2¥Z+= 9F 400m, A3F=Z= <F 380m, A4TF=
420meltt. 25 et Ao A7lg AENTS, )8 B, A2 Es '8
A(L:183m, B:32m), 3=+ HAH)HYAI(L:339m, B:46m), A4F=+= ZAH o]
A(L:339m, B:60m o= ZAE oW Bt T3 A& B9, A2 oF 838
knots, A3 == <F 9.9 knots, A4FZE oF 9.8 knotsZ A FH A Th

rlr
©

Hazg=z
{Two-way)
Hag=z
(Two-way)
H2g=
(Two-way)

Fig. 16 No. 2, 3, 4 Channel - Kwangyang Port
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Fig. 17 Traffic data of No. 2, 3, 4 Channel - Kwangyang Port

Table 12 Kwangyang Port characteristics

TS, .«
Division Loa Beam | Avg. speed
(Port / Channel) Type ) ) k)
No. 2 Tanker 183 32 8.8
Kwangyang No. 3 Container ship 339 46 9.9
No. 4 Container ship 339 60 9.8

- Wind : Avg. speed 8 knots / Max. speed 70 knots

- Current : Max. speed(1.4 knots)




3.2.3 Ulsan Port

b2 g A2%E, AR, Ad4FdzdA iy Huke] F2 5
sta glom HAi 2 Zo A4, AlFEE oF 480m, A2&d=+= <F 190m, Al
3F=+& ¢F 300m, A4F=+= oF 300meltt. F=E FIdste A 27w A
)el A%, Ald=E= VLCCAH(L:333m, B:60m), A=+ sH&E4(L:229m,
B:32m), A|3&=Z= ®BAXH(L:260m, B:32m), A4F== 8 AH(L:245m, B42m)o=
ZAE Qo Pt T A& A, AlFE= oF 7.8 knots, A2¢E+= oF 9.3
knots, A3&F== oF 9.5 knots, A4F== oF 9.4 knotsE EAE Tt

o

>
o2t
rlo
2
}_l
oot

"3z
(Two-way)

H3gt=
(Two-way)

Hizz
(Two-way)

Hazgt=
(Two-way)

Fig. 18 No. 1, 2, 3, 4 Channel - Ulsan Port



: SR
Fig. 19 Traffic data of No. 1, 2, 3, 4 Channel
- Ulsan Port

Table 13 Ulsan Port characteristics

TSmaX
Division 3 = n 1
0a eam vg. spee
(Port / Channel) Type
e (m) (m) (kts)
No. 1 VLCC 333 60 7.8
No. 2 Bulk Carriers 229 32 9.3
Ulsan
No. 3 Tanker 260 32 9.5
No. 4 Tanker 245 42 94

- Wind : Avg. speed 4 knots / Max. speed 35 knots
- Current : Max. speed(0.2~0.8 knots)




3.2.4 Incheon Port

AAFe AIFE P AFZoA ty Aute] F2 SFshn gom Hi
Zo| A%, A1FZE o 410m, A3FZE oF 830molth. =g Fdhe
715 ABKTS. . )9 A, Algd=Z2= AFZ2A(L:348m, B:47m), A|3&¢=

max

Y
= fu
U

= LNG &5FA(L:345m, B55m)O. 2 ZAME Qo Hi B3 AL A Al
&2 = ¢F 9.7 knots, A3F=ZE= ¢k 84 knots® B4 =9t

Hig=
(One-way)

3=
(Two-way)

Fig. 20 No. 1, 3 Channel - Incheon Port



- Incheon Port

Fig. 21 Traffic data of No. 1, 3 Channel

Table 14 Incheon Port characteristics

T‘Smax
Division 3 = n 1
oa eam vg. spee
(Port / Channel) e
yp (m) (m) (kts)
No. 1 Cruise ship 348 47 9.7
Incheon
No. 3 LNG vessel 345 55 8.4

- Wind : Avg. speed 6 knots / Max. speed 41 knots
- Current : Max. speed(2.0~2.5 knots)




3.2.5 Pyeongtaek - Danglin Port

, LNG 9H4(L:345m, BSSm)OoZ ZAME QoW Hi 53 Ao 7

S RN A NG s~
Fig. 22 Channel - Pyeongtaek - Dangjin Port

DR
Fig. 23 Traffic data of Channel - Pyeongtaek - Dangjin Port
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Table 15 Pyeongtaek - Dangjin Port characteristics

TSmaX
Division L - A 1
0a eam Vg. spee
(Port / Channel) Type
P (m) (m) (kts)
Pyeongtaek
. Passage LNG vessel 345 55 9.3
- Dangjin
- Wind : Avg. speed 4 knots / Max. speed 27 knots
- Current : Max. speed(2.9 knots)

3.2.6 Daesan Port
fiheS A= 2 A2FGZoA iy Adte] 2 FIstan glom H
32 Z9o AL Aldd=E=+= ¢F 870m, A2¢=2+= ¢F 290meo|t}. 3=

Ao =715 AENTS, )2 AS, AlFgdZ= VLCCA(L:333m, B:60m), A28

ki
rr

B A XA(1L:123m, B20m)o.2 ZALE g o HF 53 ML AL Alddzs oF
11.3 knots, A|28=Z= <F 10.6 knots2 B4 = 9t}

Hag=
(Two-way)

Hizg=

(Two-way)

Fig. 24 No. 1, 2 Channel - Daesan Port



Table 16 Daesan Port characteristics

TSmaX
Division 3 = n 1
oa eam vg. spee
(Port / Channel) Type
i (m) (m) (kts)
No. 1 VLCC 333 60 11.3
Daesan
No. 2 Tanker 123 20 10.6

- Wind : Avg. speed 6 knots / Max. speed 52 knots

- Current : Max. speed(3.1~3.2 knots)




3.2.7 Jeju Port

AT W A=l T3

[¢]

°F 90moltt. =& T3

2
4

2do] = TRk o Ha d= Fo| A
ARKTS, 08 785, o142 (L:192m,
B2ime g2 =AE oM Fd TF AEFY 45, oF 9.5 knots2 4= T

A T
W Aege ﬁf SaEe 5

(T mﬂﬂ'ﬂ

Fig. 27 Traffic data of Channel - Jeju Port



Table 17 Jeju Port characteristics

TSmaX
Division 3 = n 1
oa eam vg. spee
(Port / Channel) Type
e (m) (m) (kts)
Jeju Passage Ferry 192 27 9.5

- Wind : Avg. speed 6 knots / Max. speed 78 knots
- Current : Max. speed(0.4 knots)
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Table 18 Application according to KOREA Guidelines

Division CcCw CL TS, . HURER: Ciddines
(Group / Port / Channel) m) | (km) | (Loa, m)| One Two
way way
Group
A Incheon No. 1 410 23 348
Incheon No. 3 830 13 345
Ulsan No. 1 480 12 333
Group
eongtaek
B By ngt,, Passage | 740 15 345
-Dangjin
Daesan No. 1 870 14 333
Busan No. 1 340 5 366
No. 2 400 2 183
0.5L 2.0L
Kwangyang | No. 3 380 3 339
No. 4 420 3 339
Group
c No. 2 190 1 229
Ulsan No. 3 300 3 260
No. 4 300 5 245
Daesan No. 2 290 2 123
Jeju Passage | 90 1 192
Group
D Busan No. 5 770 3 400
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0.93
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0.83

1.15

1.22
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Passage
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No. 3

No. 4

No. 2

Passage
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Incheon

Incheon
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Kwangyang
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Jeju
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Fig. 28 Channel width in Domestic Ports - KOREA Guidelines



Table 19 Appropriate channel width in Domestic Ports - KOREA Guidelines

CW [ T
Division oW TS o KOREA Guidelines
(Group / Port / ChanneD) | (m) | (Loa, m) (Low) | One-way | Two-way
Group
A Incheon | No. 1| 410 348 1.18L | 174 | S | 6% | 1
Incheon | No. 3| 830 345 241L 1 1731 S |69 | S
Ulsan No. 1| 480 333 1441 | 167 | S | 666 | 1
Group
eongtaek | Pass
B By ngt“ 740 345 214L |1 1731 S |69 | S
-Dangjin | -age
Daesan | No. 1| 870 333 261L| 167 | S | 666 | S
Busan No. 1| 340 366 093L| 18 | S | 732 | 1
No. 2 | 400 183 219L | 92 | S | 66| S
Kwangyang | No. 3 | 380 339 1.12L | 170 | S | 678 | 1
No. 4 | 420 339 1.24L 1 170 | S | 678 | 1
Group No. 2 | 190 229 0.83L| 115 S | 458 | 1
C
Ulsan No. 3| 300 260 1.15L | 130 | S | 520 | 1
No. 4 | 300 245 1.22L 1 123 | S | 49 | 1
Daesan | No. 2 | 290 123 236L| 62 | S | 246 | S
) Pass
Jeju 90 192 047L | % [ | 384 ] 1
-age
Group
b Busan No. 5| 770 400 193L 1 200 | S | 800 | 1

* § . Sufficient, / I : Insufficient
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Table 20 Dimension of Traffic ship(Max. size) - Domestic Ports
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olel wel, Al 4ol ME I Frre] FEE o] F3T Y= Uy A A
A3g B o® PIANC Guidelinesol Al AIA ST Qi dubdel 25458 A

7 Zles Faste 3FFY i AHHBasic maneuvering Good @ AF2A,

o\

Basic maneuvering Moderate : ZdH] o]\, Basic maneuvering Poor VLCCA)<
2743t AT.

a8ja Z4zbe] A Avbs vte o R st U &Rt A4 d=7F A"
o= 718 stoll =mul-9] 39 AA|7|EANA AN HI7MSAE H 85t A
uy

o] WA3dt A g L AT 7|Fo| W2 »Q FJT EZ 3jo|=

Table 21 Basic maneuvering — PIANC Guidelines

Division Description

Twin-propeller ships
Good Prop P

Ferries and Cruise vessels

Container vessels
Car carriers, RoRo vessels
LNG, LPG vessels

Ship
Manoeuvrability

Moderate

Bulk Carriers
- Tanker

Poor

4.2 3 Al

e ARe] A5, @A, 5o ol RS 22, 2

HolU A, VLCCH S8 HES 71702 315 B7ke 9% 44 Ade =

guk A7) 2 detxEABdolHE 283 Be ¥ Eije) wu AE

sy g5t AT BHoE FHW BY HFS M4 Data @ A%
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=y ARE B83At
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i



B7F ddee g F8 e JEE o83t e Huarig Aue
A FE 9 AYow AAsgon aFT=AMA50K GDE HA oF 344m,
MZ oF 4lm, A" IYA12K TEDL A4 <F 358m, A% <oF 49m, VLCCA
(300K DWT)& A7 oF 350m, AZ <F 63mo]t}.

Table 22 Ship’ s particular

. Loa Lbp Beam Draft
Division
(m) (m) (m) (m)
150K GT
A , , 344 301 41 10.3
Cruise ship
12K TEU
B , , 358 340 49 15.2
Container ship
300K DWT
C 350 344 63 21.0
VLCC
Table 23 Photo of ship - 75, .,
A B C
150K GT 12K TEU 300K DWT
Cruise ship Container ship VLCC

\.‘V.I l‘r

FAG MG ,
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Table 24 Channel width criteria - KOREA Guidelines

Division One-way

0.0L ~ 1.0L

Two-way
1.0L ~ 2.0L

Harbour Design Criteria in Korea

&

= 2 o A~
TEU Container shipo] 44

5
Table 25¢} #o] =u} 7]Fol A
B Ao HY 2 =
otk webd, Ba g2
o= goHT
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2 & 84 24 1K
Al Hof 716me] =
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Table 25 Appropriate channel width - KOREA Guidelines

Loa One-way One-way Two-way Two-way

Division

(m)

Criteria

result

Criteria

result

150K GT

Cruise ship
12K TEU

Container ship
300K DWT

VLCC

344

358

350

0.0L~1.0L

172~344m

179~358m

175~350m

1.0L~2.0L

344~688m

358~716m

350~700m
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Table 26 Channel width criteria — PIANC Guidelines

. Outer Channel Inner Channel
Division
(Open water) (Protected water)
Basic Manoeuvring
Lane (W) 1.3B~1.8B 1.3B~1.8B
Environmental and
Other Factors (1) 0.2B~4.9B 0.2B~3.3B
Additional Width for
Bank Clearance 0.0B~1.3B 0.0B~1.3B
(Wpgp OF Wy
PIANC
Guidelines One-way Waart Wit Wn* We
Total 1.5B~9.3B 1.5B~7.7B
Additional Width for
Passing Distance in 1.2B~2.0B 1.0B~1.8B
Two-way traffic ()
Two-way 2Wp 2 Wit Wit Wt W,
Total 4.2B~18.0B 4.0B~14.6B




PIANC Guidelinesell wh2 tj4t Aubsl g gz Z B Ao Aute] 2%
35 (Wy,) 715l melk 150K GT Cruise ship 1.3B, 12K TEU Container ship<
1.5B, 300K DWT VLCC2 1.8BE A-&3txom 44 aA(W)H 7Ek 81(Wy,
or Wye, W)l tisire @58 Ha~HAd 7IE #he A&t E435Ad0

OON

Bx A3} Table 273 7+o] 300K DWT VLCCo] &% E3 A] Outer Channel
ol A o 586m, Inner Channeloll 4] 485m= EA Ao w3y E3F Al Outer
Channelol A Hdo 1,134m, Inner ChanneloA 920me] 3= Eo] Q3 7o
A= AT

Table 27 Appropriate channel width - PIANC Guidelines

B Outer Outer Inner Inner
Division @ Channel Channel Channel Channel
m
Criteria result Criteria result
One 1.5B One 1.5B
~ 62~361m ~ 62~295m
150K GT I Way | g 3B Way | 7om
Cruise ship Two 4.2B Two 4.0B
~ 172~697m ~ 164~558m
Way | 17.08 Way | 13.6B
One 1.7B One 1.7B
~ 83~441m ~ 83~363m
12K TEU 1 WVay | 9.0B WVay | 748
Container ship Two 4.6B Two 4.4B
~ 225~853m ~ 216~686m
WVay | 17.4B WVay | 14.0B
One 2.0B One 2.0B
~ 126~586m ~ 126~485m
300K DWT 63 WVay | 938 WVay | 778
VLCC Two 5.2B Two 5.0B
~ 328~1,134m ~ 315~920m
Way | 18.08 WVay | 14.6B




Y. JAPAN Guidelines

LE Pl HAAT|FANME F2 Z AA A, U &9 BAVIEY SLESHA
Auke]l Zol(Loa)E o ® dta Yo i Aul 2 g3 A4S EAHY 5
A= A$(Class D} EAHE & A+ ZH9(Class D= FEsF] A &35t Aot

B oZEe] A%, ok duke 33RE Agsigoy g o3 842 54%
S ogloms o Avt 2 g9 842 548 5 9k 49Clas Dol Bat 7]
=2 Bglel AES FASHAY

Class 19AE AMuto] 23 = w3l 7l5Ao] g #HEIdZ A= 050~
1.0LES AE&stH w8l 7lsAdo] e FEIZAqA= F29 dole) wsfel wHl
E 55 193 1.0L~2.0L& A g3},

Table 28 Channel width criteria - JAPAN Guidelines

Division One-way Two-way

JAPAN Guidelines 0.5L ~ 1.0L 1.0L ~ 2.0L

A A, Table 299} #Zo] 12K TEU Container shipel 4% T3 Al Hdj
358m, w3 B Al Ao 716me F= Fo] A3 oz BAHUG

Table 29 Appropriate channel width - JAPAN Guidelines

o Loa One-way One-way Two-way Two-way
Division L o
(m) Criteria result Criteria result
150K GT
, , 344 172~344m 344~688m
Cruise ship
12K TEU
. . 358 | 0.5L~1.0L | 179~358m | 1.0L~2.0L | 358~716m
Container ship
S00K DWIT 350 175~350 350~700
~350m ~700m
VLCC




t}. USACE Guidelines
Z(Beam)S o=

T Al71 Sl

Table 30 Channel width criteria - USACE Guidelines

Maximum Current
Division
0.0~0.5 knots | 0.5~1.5 knots | 1.5~3.0 knots
Shallow
3.0~3.5B 4.0~4.5B 5.0~5.5B
water
One
Canal 2.5~3.0B 3.0~3.5B 3.5~4.0B
way
Trench 2.75~3.5B 3.25~4.0B 4.0~5.0B
USACE
Guidelines Shallow
5.0B 6.0B 8.0B
water
Two
Canal 4.0B 4.5B 5.5B
way
Trench 4.5B 5.5B 6.5B




w4 A3} Table 313 o] 300K DWT VLCCZ} Shallow waterol] A

A H 347Tm, w3 FF A Ho 504me] = Fo] a3 Aow FAHEIH.

Table 31 Appropriate channel width - USACE Guidelines

Channel
o B One-way | One-way | Two-way | Two-way
Division Cross - -
(m) _ Criteria result Criteria result
section
Shallow 3.0B 5.0B
123~226m 205~328m
water ~5.5B ~8.0B
150K GT 2.5B 4.0B
] ) 41 Canal 103~164m 164~226m
Cruise ship ~4.0B ~5.5B
2.75B 4.5B
Trench 113~205m 185~267m
~5.0B ~6.5B
Shallow 3.0B 5.0B
147~270m 245~392m
water ~5.5B ~8.0B
12K TEU 2.5B 4.0B
] ) 49 Canal 123~196m 196~270m
Container ship ~4.0B ~5.5B
2.75B 4.5B
Trench 135~245m 221~319m
~5.0B ~6.5B
Shallow 3.0B 5.0B
189~347m 315~504m
water ~5.5B ~8.0B
300K DWT 2.5B 4.0B
63 Canal 158~252m 252~34Tm
VLCC ~4.0B ~5.5B
2.75B 4.5B
Trench 173~315m 284~410m
~5.0B ~6.5B
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Table 32 Appropriate channel width - Domestic and Foreign Design Criteria

One-way | One-way | Two-way | Two-way
Division o L
Criteria result Criteria result
KOREA
o 0.5~1.0L | 172~344m | 1.0~2.0L | 344~688m
150K GT Guidelines
- - PIANC
Cruise ship o 1.5~8.8B | 62~361m | 42~17.0B | 172~697m
Guidelines
JAPAN
. Loa : 344m o 0.5~1.0L | 172~344m | 1.0~2.0L | 344~688m
Guidelines
- B - 41m USACE
o 2.5~5.5B | 103~226m | 4.0~8.0B | 164~328m
Guidelines
KOREA 0.5~1.0L | 179~358 1.0~2.0L | 358~716
S~1 ~358m | 1.0~2. ~T716m
12K TEU Guidelines
; ; PIANC
Contamer ship | AT |35 g 0p | 83~441m | 4.6~17.4B | 225~853m
Guidelines
JAPAN 0.5~1.0L | 179~358 1.0~2.0L | 358~716
S~1 ~358m | 1.0~2. ~716m
- Loa : 358m | Guidelines
- B : USACE
49m o 2.5~55B | 123~270m | 4.0~8.0B | 196~392m
Guidelines
KOREA 0.5~1.0L | 175~350 1.0~2.0L | 350~700
S~1 ~350m | 1.0~2. ~700m
300K DWT | Guidelines
PIANC
VLCC 1 90~9.3B | 126~586m | 5.2~18.0B | 328~1.134m
Guidelines
JAPAN 0.5~1.0L | 175~350 1.0~2.0L | 350~700
S~1 ~350m | 1.0~2. ~700m
- Loa : 350m | Guidelines
- B : USACE
63m o 2.5~55B | 158~347m | 4.0~8.0B | 252~504m
Guidelines




& Al Ed ol Bt

A5 A

51 718

]
S|

ol Fsk

=N
(¢}

ZZFANEY oA

XA

@ o) A(FTS : Fast Time Simulation)®} 2! A

& A%

Ll

# o] ARTS : Real Time Simulation) .2 FE= o]z},

ojo

Rl

Hj <& Al g ol AAITE M) Al

F71 ¢

)

fol ZHEEE ZIRiolt

S

—_
0

Az, Z3A

=
T—

Far e

S

golde] sHER &0 AlEHCIAHC] T

Aloko] ol
W o] R} Aw

=
=

k

o] AA = ol

=
=

]
S|

Wjo

o
HoE

&% A B bt

b

A

/‘\E_]

[ s v =

of 23

I 5



Table 33 Comparison between FTS(Fast Time Simulation) and
RTS(Real Time Simulation)

o FTS RTS
Division . ) ) ) ) .
(Fast Time Simulation) (Real Time Simulation)
o AFEY AT FwelF) [« Fahate) A Ao
9] st wfj<(Fast Time) )3k A A ZHReal Time)
Off-Line Simulation On-Line Simulation
[PC] [Human]
« HEE 7AW B 246 |« AN A4F 2AR 5
ot & AlEH ol 48 /A7l o3k AlEEolA )
[N A= Ak /)] [N AR Ak %]
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0 — Y

Fig. 29 Coordinate system of ship manoeuvring motion



Surge : m(u—vr—zg?) =Xy + Xp+ X+ Xpyp

Sway : m+urt+aor)=Y,+ Yo+ Yot Vi,

Yaw : I r+mz,(v+ur) = Ny+ Np+ Np+ Ny

Roll : Iyp = K+ Kp+ K+ Kpyp
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53.1 N8
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o
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CW« f(V.,E,S, A, H)

(4] 5.5)

71 A,
V. Vessel factors
(vessel size, vessel type, vessel speed, manoeuvring)
E, Environmental factors
(wind, current, wave)
S, State factors
(channel position, channel length, channel depth, traffic pattern)
A, Aids to navigation factors
(quality and spacing of navigation aids)
H Human factors

(experience and judgement of Pilot/Master)



HAA F2 F AA Aol =2 Fo FE HXE ZE 84E THHOE
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Table 349} o], A8t aU(V), 44 aU(E), A2 e 221(S)
=

i
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Table 34 FTS Simulation plan

Division Details Description

vessel size - Large vessel(Loa over 300m)

Cruise ship

vessel type - Container ship
VLCC
Vi - Fast (13kts)
vessel speed - Moderate (10kts)

- Slow (7kts)

- Apply to IMO maneuvering

manoeuvring
standards
cw _ - Direction : Cross
wind
Speed : 5~45kts
- Direction : Cross
E; current
- Speed : 0.5~2.0kts
- Direction : Cross
wave ,
- Height : 1~3m
channel position - Outer channel (Straight channel)
g channel length - 2 nm
Z channel depth - H> 15T
traffic pattern - One-way




5.3.2 Vessel Modeling

AA [€) [elNe] Qe | [e}e] AA
o, EY AR TREA U2 UG Fool 4B FH3 we) o)
Z=A g}

159+ GTg 524 2 1% 23 TEUF ZAHoYA, 309 DWTH /1t
Aol ditAld % 5] A& (Turning Test), Zig-zag A1&10°/ 10°, 20° /
20° ), YA3d %= Al &(Spiral Test) 5& v} 7t}

o
o
to

N

5.3.2.1 150K GT Cruise ship
(1) Ship’ s Dimension

159 GTE AF2A9 Fo AYE Table 359 #ow, Lbp/Beam 7.3,
Lbp/Draft 29.2, Projected Area= Ar 3,300m, Ap 15,000 n ©] T},

Table 35 Ship’ s Dimension — 150K GT Cruise ship

Loa | Lbp |Beam | Draft | L/B | L/D | Projected Area
(m) (m) (m) (m) Ap(ni) | Ap(ni)

Division

150K GT

, , 344 | 301 41 10.3 | 7.3 | 29.2 | 3,300 | 15,000
Cruise ship

(2) Ship’ s Rpm & Speed

159F GTH ZF=49 Rpm & Speed:= Table 363 #t}.



Table 36 Ship’ s Rpm & Speed - 150K GT Cruise ship

Division Rpm Speed(knots)
Full Ahead 191 26.0
Half Ahead 151 20.9
Slow Ahead 111 15.4
Dead Slow Ahead 61 8.3
150K GT
. . - - 0.0
Cruise ship
Dead Slow Astern 56 -7.5
Slow Astern 103 -13.9
Half Astern 140 -18.9
Full Astern 187 -20.0

(3) Ship’ s Manoeuvring

159 GTH = F&A19] Turning Circle 35°
Spiral test 23+ Table 37~38 % Fig. 30~34¢} zt}.

A. Turning Circle 35° (Port & STBD)

2 Zig-zag 10° /10° , 20° /20° ,

Table 37 Turning circle 35° - 150K GT Cruise ship

Rudder Angle | Advance | Transfer | Tact. Diam. | Steady Drift Remark
(deg.) (Lpp.) (Lpp.) (Lpp.) Angle(deg.)
35.0 2.82 1.41 3.45 13.6 R
-35.0 2.82 -1.41 3.45 -13.6
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Fig. 30 Turning Trajectory for
35° Port Rudder Turn

B. Zig-zag (10° / 10°, 20° / 20° )

Table 38 Zig-Zag(10° / 10° ,

Fig. 31 Turning Trajectory for
35° Stbd Rudder Turn

20° [ 20° ) - 150k GT Cruise ship

Rudder Angle | 1% Overshoot | 2" Overshoot | 3™ Overshoot Remark
(deg.) Angle(deg.) Angle(deg.) Angle(deg.)
10° / 10° 5.85 6.46 6.42
A9
20° [ 20° 11.06 10.15 9.92
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Fig. 32 Time History of Heading
Angle for 10° / 10° Zig-Zag

Fig. 33 Time History of Heading
Angle for 20° / 20° Zig-Zag



C. Spiral
- Spiral Width : 0.888 deg.

- Spiral Height : 0.342 deg.

SPIRAL Width = 0.888 deg.

SPIRAL Height = 0.342 deg/sec
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Fig. 34 Predicted Results of
Spiral Maneuver



5.3.2.2 12K TEU Container ship
(1) Ship” s Dimension

1% 234 TEUF ZAHolWAe F8 AU Table 399 o, Lbp/Beam 6.9
Lbp/Draft 22.4, Projected Area= Ar 1,800m, Ap 10,700 ©] T},

Table 39 Ship’ s Dimension - 12K TEU Container ship

Loa | Lbp |Beam | Draft | L/B | L/D | Projected Area
m | m | m | (m Ap(m) | Ap(nd)

Division

12K TEU

, , 358 340 49 152 | 69 | 224 | 1,800 | 10,700
Container ship

(2) Ship’ s Rpm & Speed

19k 24 TEUF AdolHYAl 9] Rpm & Speed:= Table 403 -t}

Table 40 Ship’ s Rpm & Speed - 12K TEU Container ship

Division Rpm Speed(knots)
Full Ahead 92 25.8
Half Ahead 73 20.8
Slow Ahead 54 14.9
Dead Slow Ahead 29 6.7
12K TEU
. . - 0 0.0
Container ship
Dead Slow Astern 27 -4.2
Slow Astern 50 -9.2
Half Astern 68 -13.0
Full Astern 90 -17.5




(3) Ship’ s Manoeuvring

17+ 23 TEUw ZHolu/de Turning Circle 35° % Zig-zag 10° /10° ,
20° /20° , Spiral test A3+ Table 41~42 2 Fig. 35~399} #t}.

A. Turning Circle 35° (Port & STBD)

Table 41 Turning circle 35° - 12K TEU Container ship

Rudder Angle | Advance | Transfer | Tact. Diam. | Steady Drift R "
emar
(deg.) (Lpp.) (Lpp.) (Lpp.) Angle(deg.)
35.0 3.41 1.82 4.06 12.3
Al 2=
o
-35.0 3.41 -1.82 4.06 -12.3
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1200 B 1200 = e =
1100 / E‘/E\\ 1100 /”E\Ei
1000 4/ \\\ 1000 / // §§
800 @// \ \ 800 / / \\@
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g o o © s u] u] o
“ \ < / b y
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B o g Ve
102 \\ = | 102 i . o
-100 e -100 Fa E‘/-/
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-1400 -1200  -1000 :Ii (;(:1 Sfer—(er:l; -400 -200 0 0 200 400 .?rﬂa()n stor T?n()) 1000 1200 1400

Fig. 35 Turning Trajectory
for 35° Port Rudder Turn

Fig. 36 Turning Trajectory
for 35° Stbd Rudder Turn

B. Zig-zag (10° / 10°, 20° / 20° )

Table 42 Zig-Zag(10° / 10° , 20° / 20° ) - 12K TEU Container ship

Rudder Angle | 1% Overshoot | 2" Overshoot | 3™ Overshoot Remark
emar
(deg.) Angle(deg.) Angle(deg.) Angle(deg.)
10° / 10° 5.16 6.73 6.60
A9
20° [ 20° 9.84 9.64 9.10
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Fig. 37 Time History of Heading
Angle for 10° / 10° Zig-Zag

C. Spiral

- Spiral Width : 1.060 deg.

Fig. 38 Time History of Heading
Angle for 20° / 20° Zig-Zag

- Spiral Height :

0.266 deg.

Yaw Rate (deg/sec)

SPIRAL Width = 1.060 deg.
SPIRAL Height = 0.266 deg/sec
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Fig. 39 Predicted Results of

Spiral Maneuver



5.3.2.3 300K DWT VLCC
(1) Ship’ s Dimension

309 DWTH HHewtde 8 A& Table 433 zZ o, Lbp/Beam 5.5
Lbp/Draft 16.4, Projected Areat= Ar 1,100m, Ap 4,100m ©] T}

Table 43 Ship’ s Dimension - 300K DWT VLCC

Loa | Lbp |Beam | Draft | L/B | L/D | Projected Area
Division
300K DWT
350 344 63 21.0 5.5 16.4 | 1,100 | 4,100
VLCC

(2) Ship’ s Rpm & Speed

309 DWTH 542 Rpm & Speed:= Table 449} 7t

Table 44 Ship’ s Rpm & Speed - 300K DWT VLCC

Division Rpm Speed(knots)
Full Ahead 73 16.2
Half Ahead 58 12.0
Slow Ahead 42 7.9
Dead Slow Ahead 23 3.0
300K DWT
- 0 0.0
VLCC
Dead Slow Astern 21 -2.1
Slow Astern 39 -5.3
Half Astern 54 -8.0
Full Astern 80 -11.2




(3) Ship’ s Manoeuvring

309k DWTH df<H¥k4Ad el Turning Circle 35° Zig-zag 10° /10° ,
20° /20° , Spiral test A3}= Table 45~46 % Fig. 40~44%} 2t}

ol
=

A. Turning Circle 35° (Port & STBD)

Table 45 Turning circle 35° - 300K DWT VLCC

Rudder Angle | Advance | Transfer | Tact. Diam. | Steady Drift R .
emar
(deg.) (Lpp.) (Lpp.) (Lpp.) Angle(deg.)
35.0 3.51 1.69 3.77 18.9
Al =
= 1
-35.0 3.51 -1.69 3.77 -18.9
oo e oo //a\\
5 B BN o TN
900 / \ 900 / / \\
ez ! \ e [ !
é 600 o 7‘ é 600 E\‘
TN / ¢ N 7
o e o \ o ( N
-1400 -1200  -1000 :ﬁ, (;(:1 Sfer—(er:l; -400 -200 0 0 200 400 .?rﬂaon stor T?n()) 1000 1200 1400

Fig. 40 Turning Trajectory
for 35° Port Rudder Turn

B. Zig-zag (10° / 10°, 20° / 20° )

Fig. 41 Turning Trajectory
for 35° Stbd Rudder Turn

Table 46 Zig-Zag(10° / 10° , 20° / 20° ) - 300K DWT VLCC

Rudder Angle | 1% Overshoot | 2™ Overshoot | 3™ Overshoot Remark
(deg.) Angle(Lpp.) Angle(Lpp.) Angle(Lpp.)
10° / 10° 5.47 8.84 8.99
Ay
20° [ 20° 9.37 10.52 9.62




Heading

v
o k \
10 E-EI-EI-EI—EI-EI-EI%

20
30
-40

-50

50

E—~E Rudder Angle(-)
A—A Heading Angle

40

30

20 AN
AABA
~ a0
B-E-EEE-8EE Y

/ \A
\A

A
A sooooooas

DA

v
10 BEL
[ AT

A
N

o 60 120 180 240 300 360 420 480 540 600 660 720

Heading

time(sec)

50

E—~E Rudder Angle(-)

40 A—A Heading Angle
30 PN JATANy
A T V-4 A\A
g x EEEEEEE \
A A

v i %
\
4 \

/ \
A/ BEEEEE El'El'&
A/

N
\A
%\
= EI—EI*EI—EIEI*EI&

ory

-10

20 BB 1
[ /
A/
o

20
-30 \A\AL\/
a0
50

0 60 120 180 240 300 360 420 480 540 600 660 720 780
time(sec)

Fig. 42 Time History of Heading
Angle for 10° / 10° Zig-Zag

C. Spiral

- Spiral Width : 3.099 deg.
- Spiral Height : 0.375 deg.

Fig. 43 Time History of Heading
Angle for 20° / 20° Zig-Zag
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Fig. 44 Predicted Results of
Spiral Maneuver



5.3.3 Channel & Environment Modeling

5.3.3.1 Channel Modeling
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Fig. 45 Modeling of Channel



5.3.3.2 Environment Modeling
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Fig. 46 Condition of wind, current, wave



5.3.4 Environment-Vessel relations with Modeling

g7d-duizre] maPe 9% F@ Aue] &3 =AL Table 477 ol
PIANC Guidelines @ S F& @t dnEsE B4 A%s Fustdc

A 7 knotsell Al o 13 knots7FA] 3 knots T
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Table 47 Review of Vessel speed for modeling

Division Vessel speed (V)
PIANC Guidelines - Fast 'V, = 12 kts
(Concept Design Methods - Moderate : 8 kts < V, < 12 kts
for Straight Channel) - Slow : 5 kts < V, < 8 kts

- Busan (No. 1, 5 Channel)
- 10.0~11.7 kts

- Kwangyang (No. 2, 3, 4 Channel)

- 8.8~9.9 kts
- Ulsan (No. 1, 2, 3, 4 Channel)
Analysis of : 7.8~9.5 kts
Maritime traffic flow - Incheon (No. 1, 3 Channel)
(Traffic Ship avg. speed : 8.4~9.7 kts

at Domestic Ports) - PyeongTaek - Dangjin (Passage)

: 9.3 kts

- Daesan (No. 1, 2 Channel)
- 10.6~11.3 kts

- Jeju (Passage)
0 9.5 kts




5.3.5 Scenario Design
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Table 48 Scenario for Fast-Time Simulation

Vessel

Division speed Wind Current | Wave
(V) (E,) (E.) (E,,) Remark

No.| Target Ship & tZ) (knots) | (knots) (m)

1 E, | 5

2 E, | 15 Wind

3 E. | 25 effect

4 E, |35 (B, ~E,5)

5 E, | 45 -

6 E,; 105

7 V| 7 E, |10 Current
effect

5 P | 15 (E,~E,)

9 - E, 20

1ol A 1501‘< GT' E. |1 Wave

1 Cruise ship £, | 2 effect

12 B: 12K TEU E.| 3 (E,,~E,,)

3 Container = -

ship vl

14 E, | 15 Wind

15 C: 300K DWT E. |25 effect

6] C B, | 35 (B, ~E,;)

17 E s | 45 -

18 E, 105

1 Vo | 10 E, |10 Current
effect

20 Eg | 1.5 (B,~E.)

21 _ E, |20

22 B,y | 1 Wave

23 E,| 2 effect

24 E,| 3 (B~ E)3)




Vessel

Division speed Wind Current | Wave
(pv ) (B | @) | (B | Remark
No.| Target Ship & t:) (knots) | (knots) (m)
25 E,| 5
26 w2 15 Wlnd
27 E | 25 effect
98 A: 150K GT Ew4 35 (EwINEw5)
Cruise ship
29 E | 45 -
B: 12K TEU £ los
O Container | V| 13 Ed 1'0 Current
31 ship ol B effect
E
32| C: 300K DWT @ | 19 (E,~E.,)
33| VLCC Eo | 20
34 By 1 Wave
35 E,| 2 effect
36 Es| 3 (B~ E)3)

» Scenario total 108 times

» Vessel Speed (V) : 7 / 10 / 13 knots

A: 150K GT Cruise ship : 36 times
B: 12K TEU Container ship : 36 times
C: 300K DWT VLCC : 36 times

» Wind (E, ) : Direction(Cross), Speed(5 / 15 / 25 / 35 / 45 knots)

» Current (£,) : Direction(Cross), Speed(0.5 / 1.0 / 1.5 / 2.0 knots)

» Wave (F,,) : Direction(Cross), Height(1 / 2 / 3 m)
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Fig. 47 Analysis of appropriate channel width according to
Fast-Time simulation



5.4.1 150K GT Cruise ship

HZ0° oA EAs "W 2 &5 5~45 knotse] vHEE oA H&E 7
knots2 E&st= A%, HA 86m(0.25L)~FH ) 220m(0.64L), A< 10 knots=

E&st= A5, H4 78m0.23L)~F o] 143m(0.421), A <& 13 knots®2 E3}sl=
7% 2 73m0.21L)~F o 114m0.33L)2] &= Zo] BRI Hog AEEHYL
IAZFQI0° 2 E871= e 2 £% 0.5~2.0 knots®] ZF oA AL

7 knots2 Eds= A, HA 72m(0.21L)~34ﬂ1 114m(0.33L), A< 10 knots=
5&3st= A%, HA 66m0.19D)~FH ) 94m(0.27L), A< 13 knotsZ T &sH=
745, Ha 61m(0.18L)~FH o 77m(0.22)2] 8= Zo] Q3 HAoZ HEEFJUT
IA3Q270° 2 ZE7tes B D 3o] 1~3 me Fg 2o AL 7 knotsE
Faste A9, HA 82m(0.24L)~Hd 85m(0.25L), A< 10 knots= F 33t
A5, A4 73m0.21L)~A ) 75m(0.22L), A< 13 knotsZ2 E&ste= A, A
7Im(0.21L)~A ) 73m(0.21L)e] &= Zo] a3 HozZ HEEHI L.



Table 49 Simulation results of Cruise ship(V,,) by wind speed(E, ,~F, )

Division Simulation result Remark
Ewl Ew2 Ew3
i
ﬁ g
ﬁ 7
ﬁ /
5 /i
-ﬁ 1
f )
5 /
i ;
i 0
:
l 0
i A
i I
! |
i b
I I
Wy 86m(0.25L) | Wy 94m(0.27L) | Wi 113m(0.33L)
150K GT Py - 65m W, 83m Wy, 100m .
Cruise shiP ["Dyift angle: 4° | Drift angle: 7° | Drift angle: 10° Scimo
0.
4 5 1~ 5

Va

s SHRRRRERRRRRN, | M

—sSSNRRNRRRRRRY, |

We: 150m0.4L) | Wy 220m0.64L)
Wy, 140m Wyt 203m
Drift angle: 17° Drift angle: 29°




Table 50 Simulation results of Cruise ship(V,,) by wind speed(E, ,~F, )

Division Simulation result Remark
Ewl Ew2 Ew3
/
f
|
|
|
Wy 78m(0.23L) | Wy 82m(0.24L) | W 92m(0.27L)
ISQK GT Wyt 99m Wyt 7Im Wy, 83m _
Cruise Ship " prift angie 3° | Dift angle: 5° | Drift engles 7° | o0
No.
- Ew4 EwS
13~17
Vo Z?
/
5 /
:
/
/i /
J /
d J
/ |
*
| |
Wy N0m0.32D | Wy 143m(0.42D)
Wy, 100m Wy, 134m
Drift angle: 10° Drift angle: 16°




Table 51 Simulation results of Cruise ship(V,;) by wind speed(E,,~F, )

Division Simulation result Remark
Ewl Ew2 Ew3
J |
| | |
| |
J J
J
J l
H l
| 8 |
Wy 73m0.21L) | W 76m(0.22L) | Wy 83m(0.24L)
150K GT Wyt 59m Wy, 65m Wyt 77m _
Cruise ShiD [ Dyifi angie 3° | Drift angle 4° | Drift angle 6° | “Con©
_ B E. No.
25~29
Ve /
J J
/
J /
J {
/ /
/ /
/
!
Wy 95m(0.28L) | W 114m(0.33L)
Wy, 88m Wy, 106m
Drift angle: 8° Drift angle: 11°




Table 52 Simulation results of Cruise ship(V,,) by current speed(E,,~E.,)

Division

Simulation result

Remark

150K GT
Cruise ship

Va

e

Ec2

P

s

R

S T, P P P e e e e

W, 72m(0.21L)

Wy 77m(0.22L)

We: 89m(0.26L)

Wyt 59m

Wgyo 71m

Wy, 83m

Drift angle: 3°

Drift angdle: 5°

Drift angle: 7°

Wy 114m(0.33D)

Wy, 106m

Drift angle: 11°

Scenario
No.
6~9




Table 53 Simulation results of Cruise ship(V,,) by current speed(E,,~E.,)

Division Simulation result Remark
Ecl Ec2 EC3
Wy 65m(0.19L) | W 68m(0.20L) | W 77m(0.22L)
0K GT - [Ty - 53m W, 65m Wy, 71m ,
Cruise Sip " prift angie 2° | Dift angle: 4° | Drift engle: 5° | o
_ £, No.
18~21
Vo f
|
!
Wyt 94m(0.27L)
Wy, 88m
Drift angle: 8°




Table 54 Simulation results of Cruise ship(V,,;) by current speed(E,~E.,)

Division Simulation result Remark
Ecl E62 EC3
G /
I J
I U
| 5
| J
I |
| I
| ﬂ
B
Wy 61m(0.18L) | W 63m(0.18L) | W 68m(0.20L)
0K GT - [Ty - 47m W, 53m W,,: 59m _
Cruise shiD [ Dyifi agngie 1° | Drift angle 2° | Drift angle: 3° | >Con©
~ I No.
< 30~33
Vs
Wy: 77Tm(0.22L)
Wyt 71m
Drift angle: 5°




Table 55 Simulation results of Cruise ship(V,,, V,,) by wave height(E,,~E,)

Division Simulation result Remark
Ehl Eh2
i
i
i
i
i
ﬁ
150K GT f
Cruise ship § Scenario
_ ;% No.
é 10~12
Va ;?
; | |
Wy 82m0.24L) | Wy 83m(0.24L) | W, 85m(0.25L)
Wyt 77m Wy 77m Wyt 77Tm
Drift angle: 6° Drift angle: 6° Drift angle: 6°
By oy Ly
150K GT
Cruise ship Scenario
_ No.
22~24
Vo
| J |
Wy 73m(0.21L) | Wy 74m(0.22L) | W 75m(0.22L)
Wy,,: 65m Wy,,: 65m Wy, 65m
Drift angle: 4° Drift angle: 4° Drift angle: 4°




Table 56 Simulation results of Cruise ship(V,,;) by wave height(E,,~E},)

Division Simulation result Remark
Ehl Eh2 Eh3
J |
J l {
| / g
150K GT !
Cruise ship ! J Scenario
H Q No.
) ﬂ Q 34~36
v, ! @
H H
i | [
Wy 7Im0.21L) | Wy 72m0.21L) | Wy 73m(0.21L)
Wyt 59m Wyt 99m Wyt 59m
Drift angle: 3° Drift angle: 3° Drift angle: 3°




5.4.2 12K TEU Container ship

HZF000° A BEoJes e W &5 5~45 knots] vig A A& 7
knots= F&3st= A5, H4 102m0.28L)~F o 187m(0.52L), A< 10 knots=
Tt 49, H4 91m(0.250L)~FH o] 143m(0.40L), < 13 knots= F3sl=

4 86m(0.24L)~= o 118m(0.33L)¢] &= Zo] Q3 H o= HAEHUTH

JEFE0° = Y7 PP D SE 05~20 knots®] E=F 2o A Ak
7 knotsZ F33sl= A5, H4A 103m(0.29L)~F ) 188m(0.53L), A< 10 knots=
23l 49, 4 92m0.26L)~FA W 149m(0.42L), A< 13 knotsE2 E533t=
7 4= 78m(0.22L)~FA ) 104m(0.29L)2] &= Zo] F 3l Ao 7 AHAEFHAUL

%

F3H270° = EYrie W) 2 Eo] 1~3 me| I FHoA A< 7 knotsZ
Tt A5, H4 102m(0.28L)~F i 106m(0.30L), 41< 10 knots= F &3k
A%, F4 84m(0.23L)~F o} 88m(0.25L), A< 13 knotsZ E&3st= A9, H4
82m(0.23L)~Z o] 86m(0.24L)e] &= Zo] Q3 Aoz HAEHJUG,

Hs 2 9l A &3 )
w3k 2R 2A 9L WE A0 Yo B Aute Ho] 3713
5 WeF FE Fo| Zamit AOE BAFUY

A TEUF AdelvAe] B3 A48 Z1zbe] Avel oo tiat dut 37



Table 57 Simulation results of Container ship(V,,) by wind speed(E, ,~E, ;)

Va

s s N

Wy 14mm(041D) | Wy 18Mm(0.52L)
W, - 13im W, - 17Am
Drift angle: 14° | Drift andle: 21°

Division Simulation result Remark
Ewl Ew2 Ew3
Wy: 102m0.28L) | W: 108m(0.30L)
12K TEU Wy, 86m Wy 98m ‘
Container Shp | prift angle: 6° | Drift angle: 8° >cenano
- Ew4 EwS F 35




Table 58 Simulation results of Container ship(V,,) by wind speed(E, ,~E, )

Division Simulation result Remark
Ewl Ew2 Ew3
{
I | |
I | |
I ! !
I ! !
| ! !
I I !
! I I
i ) !
| ! |
Wy 91m(0.25L) | Wy 95m(0.270) | Wy 104m(0.29D)
LK TEU - My - 74m W, 80m Wy,: 92m ,
Container ship "Dyt argie 4° | Drift angle 5° | Diift angle 7° | " oron©
- Ew4 EwS NO.
13~17
Ve
:
|
|
!
| |
Wy N9m0.33D | Wy 143m(0.40D)
Wy, 104m Wy, 128m
Drift angle: 9° Drift angle: 13°




Table 59 Simulation results of Container ship(V,,) by wind speed(E, ,~E, )

Division Simulation result Remark
Ewl Ew2 Ew3
J
I
J
Q
B
8 B |
Wy 86m(0.24L) | W 89m(0.25L) | Wi: 94m(0.26L)
12K TEU - [Ty - 68m W, 74m W,,,: 80m ,
Container ship |y ande: 3° Drift engle: 4° Drift angle: 5° Scenario
_ B E. No.
25~29
Vs
J
|
B
W 103m0.20D) | Wy 118m(0.33D)
Wt 92m Wyt 104m
Drift angle: 7° Drift angle: 9°

— 100 —




Table 60 Simulation results of Container ship(V,,) by current speed(E,~E,,)

Va

e S e B T T R T B

W: 183m(0.53L)

Wiy, 174m

Drift angle: 21°

Division Simulation result Remark
Ecl EC3
I
i
it}
|
We: 13mO0.290) | W 113m0.32D) | W 138m(0.39D)
2K TEU - My - 86m Wy, 104m Wy 128m ,
Container ship | pyit angle: 6° | Drift ange: 9° Drift angle: 13° Seenario
_ E, No.
6~9

— 101 —




Table 61 Simulation results of Container ship(V,,) by current speed(E,~E,,)

Division Simulation result Remark
Ecl Ec2 EC3
]
|
! /
1
1
|
5 |
3 B
Wy 92m(0.26L) | Wy 98m(0.27L) | Wy: 115m0.320)
LK TEU - My - 74m Wy 86M Wy,: 104m _
Container ship [ yift angie 4° | Dift angle 6° | Dift angle 9° |
~ E, No.
18~21
Ve

o e Ty

e e e e P

Wy 149m(0.420)
Wy, 128m
Drift angle: 13°

- 102 —




Table 62 Simulation results of Container ship(V,;) by current speed(E,,~E,,)

Division Simulation result Remark
Ecl EcQ EC3
I
B
8
Wy 78m(0.22L) | Wy 82m(0.23L) | Wi: 90m(0.25L)
12K TEU Wy, 68m Wy,,: 68m Wy, 80m _
Container ship | Dyt angle: 3° | Drift ande: 3° | Drift ange: 5° SC;T“O
) P 30~33

Vs

e ey ey R SR Ry Sy S

We: 104m(0.290)

Wyt 92m

Drift angle: 7°

— 103 —




Table 63 Simulation results of Container ship(V,,, V,,) by wave height(E,, ~FE},)

Wy 84m(0.23L)

W, 86m(0.24L)

W, 88m(0.25L)

Wyt 74m

Wyt 74m

Wy, 74m

Drift angle: 4°

Drift angle: 4°

Drift angle: 4°

Division Simulation result Remark
Ehl
12K TEU
Container ship Scenario
- No.
10~12
Va
We: 102m0.28D) | Wy 104m0.20D) | W 106m0.300)
Wy, 86m Wy, 86m Wy, 86m
Drift angle: 6° Drift angle: 6° Drift angle: 6°
By, Ly
12K TEU f
Container ship 3 Scenario
~ 3 No.
! 22~24
V.

- 104 -




Table 64 Simulation results of Container ship(V,;) by wave height(E,, ~ E};)

Vs

Division Simulation result Remark
Ehl Eh2 Eh3
12K TEU
Container ship Scenario
_ ﬁ No.
34~36

Wy 82m(0.23L)

W, 84m(0.23L)

W, 86m(0.24L)

Wy, 68m

Wy, 68m

Wy,,0 68m

Drift ange: 3°

Drift angle: 3°

Drift angle: 3°

— 105 —




5.4.3 300K DWT VLCC

3 Z90° oA Bojer W) % &= 5~45 knotse] ulg FZA A4 7
knots 2 4%, &4 125m(0.36L)~F o 158m(0.45L), 414 10 knotsZ
Tl 49, F4 102m0.29L)~H ) 125m(0.36L), A< 13 knots®E F3st=
735, HA 98m(0.28L)~FH ) 116m(0.33L)¢] &= ZFo] Q3 Ao 2 HEESTH

3]

oft
_(|)1_:
off
-
rr
)

P2FQT0° 2 FA/ME ) 2 £E 05~20 knots?] =F o)A A&
knots2 Eashe 4%, A2 133m(0.38L)~H o 302m(0.86L), 414 10 knots=
Fat= A%, A 117m0.33L)~H o) 203m(0.58L), 414 13 knotsE &3k
, A2 106m0.30L)~Hth 151m(0.43L)¢] &= Zo] W3 o HESH

91 270° 2 7= WHd) @ =o] 1~3 mo| I ZHA AL 7 knotsZ
st A5, H4 118m(0.34L)~FH o 123m(0.35L), A< 10 knots= &3t
745, # 4 108m(0.31L)~F o] 113m(0.32L), A< 13 knotsZ F3st= -2
102m(0.29L)~A o} 106m(0.30L)] &= Fo] 83t Ao = HAEFHJIH

305 DWTH ¢

o
o
Aol 4P B4 2k F Auke] YZoRRE JYshe 2 A TS

_4

d
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Table 65 Simulation results of VLCC(V,,) by wind speed(E ,~E, ;)

Division Simulation result Remark

Ewl Ew2 Ew3

i

i

|

i

i

%I

;;;

i

i

i

éﬁ

i

;

i

Wy: 125m(0.36L) Wy: 132m(0.38L)
300K DWT W 99m Wy,s 1m ‘
VLCC Drift angle: 6° Drift argle: 8¢ | A0
_ > No.
w4 1~ 5
Va

W 14Im0.40D) | Wy 158m(0.450)
Wy, 123m Wy, 134m
Drift angle: 10° Drift angle: 12°

- 107 —



Table 66 Simulation results of VLCC(V,,) by wind speed(E, ,~FE, ;)

Division Simulation result Remark
Ewl Ew2 Ew3
W 12m0.20D) | Wy 104m0.30D) | W 108m(0.310)
300K DWT Wy, 87m Wyt 93m Wyt 93m S _
VLCC Drift angle: 4° | Drift ande: 5° | Drft ange 5° | oo o0
No.
- Ew4 EwS
13~17
Ve

We: 115m(0.33D)

Wy, 100m

Drift angle: 7°

— 108 —




Table 67 Simulation results of VLCC(V,;) by wind speed(E, ,~FE, ;)

Division Simulation result Remark
Ewl Ew2 Ew3
I J |
l | |
I J !
I
| |
I
I | !
| | |
| [ |
Wy 9Bm0.281) | Wy 9m(0.28L) | Wy 102m(0.29D)
300K DWT Wy, 87m Wy, 87m Wy, 87m _
VLCC Dift ande 4° | Drift ande 4° | Drift angle 4° | >ConaO
No.
B E,. Ew5
25~29
Vs
|
|
|
| |
I I
| |
W 10im0.31D) | Wy 115m(0.33D)
Wy 93m Wy 99m
Drift angle: 5° Drift angle: 6°
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Table 68 Simulation results of VLCC(V,,) by current speed(E,,~E.,)

Division Simulation result Remark
Ecl Ec2 Ec3
W 133m0.38D | Wy 154m0.44D) | W, 203m(0.580)
300K DWT [y 111m Wy,: 140m Wy, 184m S
VLCC Drift angle: 8° | Drift ange: 13° | Drift angle: 21°
~ E, No.
6~9
Va

— 110 —




Table 69 Simulation results of VLCC(V,,) by current speed(E,,~E.,)

Division

Simulation result

Remark

300K DWT
VLCC

Vo

We: 117m(0.33D)

W 155m(0.44L)

Wy 93m

Wy, 140m

Drift angle: 5°

Drift angle: 13°

E c4

W 203m(0.58L)

Wy, 179m

Drift angle: 20°

Scenario
No.
18~21

— 111 —




Table 70 Simulation results of VLCC(V,;) by current speed(E,~E,,)

Division Simulation result Remark
Ecl Ec2 EC3
)
)
J
|
|
|
!
;
*
| | |
Wg: 106mO0.300) | Wy 112m0.32L) | Wy 126m(0.360)
300K DWT Iy - 87m Wy, 99m Wy,: 111m .
VLCC Drft ande 4° | Drift ande 6° | Drift angle 8° | >Cona
_ > No.
< 30~33
Vs
J
|
.
Wy 151m(0.430)
Wy, 140m
Drift angle: 13°

- 112 —




Table 71 Simulation results of VLCC(V,,, V,,) by wave height(E,, ~E,,)

Division

Simulation result

Remark

300K DWT
VLCC

Va

Eh2

e e N

e

W e e e e

Drift angle: 7°

Scenario
No.
10~12

300K DWT
VLCC

Vo

We: 108m0.31L) | W 110mO0.31L) | Wy 113m0.32L)
Wy 93m Wy, 93m Wy 93m
Drift angle: 5° Drift angle: 5° Drift angle: 5°

Scenario
No.
22~24

— 113 —




Table 72 Simulation results of VLCC(V,;) by wave height(E,,~ E,,)

Division Simulation result Remark
Ehl Eh2 Eh3
| J I
| J |
I | |
300K DWT g g E
VLCC 3 3 5 Scenario
No.
g s E 34~36
Vi
! | I |
| | |
Wy 102m0.29D) | Wy 104m0.30D) | W 106m0.300)
Wy, 87m Wy, 87m Wy, 87m
Drift angle: 4° Drift angle: 4° Drxift angle: 4°

- 114 -
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Table 73 Simulation results of 150K GT Cruise ship

Vessel speed(V,,)
Division Va Vi Vs

Wy | Variation Wy | Variation Wy | Variation

E, | 0250 - 0.23L - 0.21L -
Wind E, | 0.27L | + 0.02L | 0.24L | + 0.01L | 0.22L | + 0.01L
(E) E;s | 0.33L | + 0.06L | 0.27L | + 0.03L | 0.24L | + 0.02L
v E, | 0.44L | + 0.11L | 0.32L | + 0.05L | 0.28L | + 0.04L
E, | 0.64L | + 0.20L | 0.42L | + 0.10L | 0.33L | + 0.05L

E, | 0.21L - 0.19L - 0.18L -
Current | E, | 0.22L | + 0.01L | 0.20L | + 0.01L | 0.18L | + 0.00L
(E,) Es; | 0.26L | + 0.04L | 0.22L | + 0.02L | 0.20L | + 0.02L
E, | 0.33L | + 0.07L | 0.27L | + 0.05L | 0.22L | + 0.02L

Wave | Fm | 0.24L - 0.21L - 0.21L -
(5,) E, | 0.24L | + 0.00L | 0.22L | + 0.01L | 0.21L | + 0.00L
' E,, | 0.25L | + 0.01L | 0.22L | + 0.00L | 0.21L | + 0.00L
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Fig. 48 Minimum required channel width for 150K GT Cruise ship

T AeloluMel A9, v, 2hA £, w W= 0.52L, E,
g W W= 053L, E,Y W W= 0.30L2 ueh} w2 2§ zdo] m
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Table 74 Simulation results of 12K TEU Container ship

Vessel speed(V,)

Division Vi Vo Vs
Wy | Variation Ws | Variation Ws | Variation
E . | 0.28L - 0.25L - 0.24L -
Wind E., | 030L | + 0.02L | 0.27L | + 0.02L | 0.25L | + 0.01L
(E.) E. | 034L | + 0.04L | 0.29L | + 0.02L | 0.26L | + 0.01L
wi E., | 041L | + 0.07L | 0.33L | + 0.04L | 0.29L | + 0.03L
E. | 052L | + 0.11L | 040L | + 0.07L | 0.33L | + 0.04L
E, | 0.29L - 0.26L - 0.22L -
Current | E, | 0.32L. | + 0.03L | 0.27L | + 0.01L | 0.23L | + 0.01L
(E.) E, | 0.39L | + 0.07L | 0.32L | + 0.05L | 0.25L | + 0.02L
E, | 053L | + 0.14L | 042L | + 0.10L | 0.29L | + 0.04L
Wave E,, | 0.28L - 0.23L - 0.23L -
(E) E, | 029L | + 0.01L | 0.24L | + 0.01L | 0.23L | + 0.00L
hi E. | 0.30L | +0.01L | 0.25L | + 0.01L | 0.24L | + 0.01L
| Factor
0.8 E.,.l
— Ewl’
= i
gm 0.6 Ew‘
- mE,
\- Ea_i
047 R\ -\\\_\ L ] E‘::r
;_ %?% ’ Ees
. %g, E:;
D-é . - Ehl.
Eh2
U_D_ Eh3
\IIrS! \:;52 .‘:FS!
Ship Speed

Fig. 49 Minimum required channel width for 12K TEU Container ship
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Table 75 Simulation results of 300K DWT VLCC

Vessel speed(V,)
Division Vi Vi Vs

W | Variation Wy | Variation Wy | Variation

E, | 0.36L - 0.29L - 0.28L -
‘ E, | 036L | + 0.00L | 0.30L | + 0.01L | 0.28L | + 0.00L
?2::)1 E., | 038L | + 0.02L | 0.31L | + 0.01L | 0.29L | + 0.01L
E, | 040L | + 0.02L | 0.33L | + 0.02L | 0.31L | + 0.02L
E. | 045L | + 0.05L | 0.36L | + 0.03L | 0.33L | + 0.02L

E, | 0.38L - 0.33L - 0.30L -
Current | £, | 0.44L | + 0.06L | 0.36L | + 0.03L | 0.32L | + 0.02L
(E) | E; | 058L | + 0.14L | 0.44L | + 0.08L | 0.36L | + 0.04L
E, | 080L | + 0.28L | 058L | + 0.14L | 0.43L | + 0.07L

S E,, | 0.34L - 0.31L - 0.29L -
(B,) E, | 0.34L | + 0.00L | 0.31L | + 0.00L | 0.30L | + 0.01L
E. | 0.35L | + 0.01L | 0.32L | + 0.01L | 0.30L | + 0.00L
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Table 76 Minimum required channel width for Cruise ship

Division FTS KOREA PIANC
Simulation Guidelines Guidelines
W, - - 1.3B
Ship
speed | V,,~V,, - - 0.0~0.1B
(V)
150K GT Wind
E . ~FE ~ - ~
Cruise ship (E,) 1~ | 0.21~0.64L 0.1~1.1B
Current
E,~E, | 0.18~0.33L - 0.5~1.6B
(E.)
- L: 344m @
Wave
. B 41m (E,) E,,~,5 | 0.21~0.25L - 0.0~1.0B
Etc.(Projected area) - - 0.2B
Total 0.60~1.22L 0.5~1.0L 2.1~5.3B
(W) 206m~419m 172~344m 86~217m

800 ~

600

400 A

Channel Width{m)

200 7

B FTS Simulation
® KOREA Guidelines

A PIANC Guidelines

Fig. 51 Comparison of minimum required channel

width for Cruise ship
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Table 77 Minimum required channel width for Container ship

Division FTS KOREA PIANC
Simulation Guidelines Guidelines
Waur - - 1.5B
Ship
speed | V,,~V,, - - 0.0~0.1B
12k TEU | (V)
. Wind
Container (g ) | Bn~Fus | 0.24~0.52L - 0.1~1.1B
ship 2
Current
(F.) E.~E, | 0.22~0.53L - 0.5~1.6B
. Wave
- L: 358m (E) E,,~L,; | 0.23~0.30L - 0.0~1.0B
. B: 49m hi
Etc.(Projected area) - - 0.2B
Total 0.69~1.35L 0.5~1.0L 2.3~5.5B
(W) 247Tm~483m 179~358m 113~270m

800 ~

600

400 A

Channel Width{m)

200 7

B FTS Simulation
® KOREA Guidelines
A PIANC Guidelines

Fig. 52 Comparison of minimum required channel

width for Container ship
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Table 78 Minimum required channel width for VLCC

Division FTS KOREA PIANC
Simulation Guidelines Guidelines
W, - - 1.8B
Ship
speed | V,,~V,, - - 0.0~0.1B
(V)
300K DWT | wWind
Current
(E) E,~E., | 0.30~0.86L - 0.5~1.6B
L 350m [ wave
. B 63m (E,) E,,~,5 | 0.29~0.35L - 0.0~1.0B
Etc.(Projected area) - - -
Total 0.87~1.66L 0.5~1.0L 2.4~5.6B
(W) 305m~581m 175~350m 151~353m

B FTS Simulation
800 4 ® KOREA Guidelines
A PIANC Guidelines

600

400 A

Channel Width{m)

200 7

w W

MIN MAX

Fig. 53 Comparison of minimum required channel
width for VLCC
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Table 79 Suggestion of minimum required channel width( W)

Minimum 150K GT 12K TEU 300K DWT
required Cruise ship Container ship VLCC
channel width | 7 kts | 10 ks | 13kts | 7 kts | 10 kts | 13kts | 7 kts | 10 kis | 13kts
Wind
E, 0.33L | 0.27L | 0.24L | 0.34L | 0.29L | 0.26L | 0.38L | 0.31L | 0.29L
(25 knots)
g, | Current oay | oor | 020 | 0530 | 0420 | 0.29L | 0.86L | 0.58L | 0.43L
(2.0 knots)
Wave
E,, 3 m 0.25L | 0.221 | 0.21L | 0.30L | 0.25L | 0.24L | 0.35L | 0.32L | 0.30L
W 0.91L | 0.76L | 0.67L | 1L17L | 0.96L | 0.79L | 1.59L | 1.21L | 1.02L
18
W 7 knots
1.6 ¢ 10 knots 1.59L
® 13 knots
1.4
o 13 1471 pL2lL
O L e
5 0.91L 0.96L
2 o8 IO.?GL 0.79L
] 067L ONE-WAY
=
c 0.6
2 e ¥.0BL
u 0.4
0.2
0

150K GT Cruise ship 12K TEU Container ship

300K DWT VLCC

KOREA Guidelines

Fig. 54 Suggestion of minimum required channel width( W)

— 128 —




Al
o

2=
=

=
=

=

&l i
&)
Aol A

S

=

A
!

<
2) A

=
=

|

o

==
K3

o
+ 3

A

RN EEREY

ZdA ol 9|
3

=

ko)

AA A, 29

3.

]

}=
5

[¢]

8

o] ATE HIR O R ALHo ol & ATE=

g o] AFTS)& o] &&Holl whet,

i)
=

9

A A g+

=

o]

6.2 FF ¥ A7 JA
A

—_—

0

]

22l o<

=]
Al

g 87

mK

bel, =

Aol #1A] B

5}

gHo= 1

9] interaction £.9I,

|
—_

- 129 —



[1] sl ef==4k, 2018, AHhe] 4 9 =3 S #3 HE

(2] =&, =44, 2015, PIANC 1997 9 20149 3= F AA7|E vl EA.

A eF3) =], A|33] A st=thy ==, pp. 69-70

[3] A%k, 1993, Aute) QkdS fk HZA F=ajx] 2 F=2F A4 A3

AT A FSAEAE S A, A1d, AlS, pp. 9-25

[4] www.afcan.org(The Navigating in Tidal Rivers, The Access to Major Locks,
and Mooring Problems for ULCoCs)

[5] Hofr*&%‘—, 2017 S AFQEA, SHAREREH A3 E, sfARFHR A&, &

LR GE AlFAH

(6] 3 k-’Fﬁ“}l‘T—, 2017. 39 9 o3t A& d(EAZE KDS 64 00 00)

[7] Ports and Harbours Bureau, Ministry of Land, Infrastructure, Transport and
Tourism(MLIT), 2009. Technical Standards and Commentaries for Port and
Harbour Facilities in JAPAN, Part III Facilities, pp. 552-575

[8] PIANC, 2014. Harbour Approach Channels Design Guidelines, pp. 72-106p.

[9] = u A2 ES], 2017, 9t FAIF=E AAV|E

[10] US Army Corps of Engineers, 2006. Hydraulic Design of Deep-Draft

Navigation Projects, chapter 8, pp. 1-11

amgagaeLa xﬂ 387 AI3E, pp. 253-259

[13] 3l &F<=AHS, 2018, 35HH
[14] ICORELS of PIANC, 1980. “Optimal Lay-out and dimensions for the
adjustment to large ships of maritime fairways in shallow seas, Seastraits

and Maritime Waterways” , Report of Working Group 4 of PIANC

— 130 —



[15] ¥r&x, 2011. gyt WEs=2 2AVE A

,m_n._wo

~L

[¢]

,m_n._wo

~L

[e]
[18] Yasukawa, T., Yoshimura, Y. 2015. Introduction of MMG standard method

for ship maneuvering predictions. Journal of Marine Science and Technology,

Vol. 20, Issue 1, pp. 37-52

22

o

[19]

W, AlAL s FbA G tia 7] & Workship 2

A H ol H-+(2-2

1}
=]

[21]

2o o] 23 AR, MZTZ2AL pp. 192-204

A8
=

i

[22] &*l&, 2016.

=

[23] o]&4, 2013.

3] +=Z3, pp. 485-487

— 131 —



	제 1 장  서 론
	1.1 연구배경 및 목적
	1.2 연구의 구성
	1.3 선행연구

	제 2 장  국내․외 항로 설계기준 현황
	2.1 국내 항로 설계기준
	2.2 국외 항로 설계기준
	2.2.1 PIANC Guidelines
	2.2.2 JAPAN Guidelines
	2.2.3 USACE Guidelines

	2.3 국내‧외 설계기준 비교 분석

	제 3 장  국내 항만 주요 항로 설정 현황
	3.1 개요
	3.2 국내 항만 주요 항로 현황
	3.2.1 Busan Port
	3.2.2 Kwangyang Port
	3.2.3 Ulsan Port
	3.2.4 Incheon Port
	3.2.5 Pyeongtaek‧Dangjin Port
	3.2.6 Daesan Port
	3.2.7 Jeju Port

	3.3 국내 항만 설계기준에 따른 항로 폭 적정성 검토

	제 4 장  국내 항만 적정 항로 폭 분석
	4.1 개요
	4.2 대상선박 제원
	4.3 적정 항로 폭 분석
	4.3.1 국내 항로 설계기준 적용
	4.3.2 국외 항로 설계기준 적용

	4.4 비교 분석 결과

	제 5 장  배속 시뮬레이션 평가
	5.1 개요
	5.2 시뮬레이션 수학 모델
	5.3 배속 시뮬레이션 설계
	5.3.1 개요
	5.3.2 Vessel Modeling
	5.3.3 Channel & Environment Modeling
	5.3.4 Environment-Vessel relations with Modeling
	5.3.5 Scenario Design

	5.4 배속 시뮬레이션 평가
	5.4.1 150K GT Cruise ship
	5.4.2 12K TEU Container ship
	5.4.3 300K DWT VLCC

	5.5 최소 필요 항로 폭 분석
	5.5.1 외력 조건별 민감도 변화
	5.5.2 최소 필요 항로 폭 평가 결과 비교


	제 6 장  결 론
	6.1 연구 결과
	6.2 향후 후속 연구 과제

	참고문헌


<startpage>17
제 1 장  서 론 1
  1.1 연구배경 및 목적 1
  1.2 연구의 구성 3
  1.3 선행연구 7
제 2 장  국내․외 항로 설계기준 현황 9
  2.1 국내 항로 설계기준 9
  2.2 국외 항로 설계기준 12
   2.2.1 PIANC Guidelines 12
   2.2.2 JAPAN Guidelines 21
   2.2.3 USACE Guidelines 25
  2.3 국내‧외 설계기준 비교 분석 30
제 3 장  국내 항만 주요 항로 설정 현황 33
  3.1 개요 33
  3.2 국내 항만 주요 항로 현황 34
   3.2.1 Busan Port 37
   3.2.2 Kwangyang Port 38
   3.2.3 Ulsan Port 40
   3.2.4 Incheon Port 42
   3.2.5 Pyeongtaek‧Dangjin Port 44
   3.2.6 Daesan Port 45
   3.2.7 Jeju Port 47
  3.3 국내 항만 설계기준에 따른 항로 폭 적정성 검토 49
제 4 장  국내 항만 적정 항로 폭 분석 52
  4.1 개요 52
  4.2 대상선박 제원 53
  4.3 적정 항로 폭 분석 55
   4.3.1 국내 항로 설계기준 적용 55
   4.3.2 국외 항로 설계기준 적용 56
  4.4 비교 분석 결과 61
제 5 장  배속 시뮬레이션 평가 63
  5.1 개요 63
  5.2 시뮬레이션 수학 모델 66
  5.3 배속 시뮬레이션 설계 68
   5.3.1 개요 68
   5.3.2 Vessel Modeling 70
   5.3.3 Channel & Environment Modeling 80
   5.3.4 Environment-Vessel relations with Modeling 82
   5.3.5 Scenario Design 83
  5.4 배속 시뮬레이션 평가 86
   5.4.1 150K GT Cruise ship 88
   5.4.2 12K TEU Container ship 97
   5.4.3 300K DWT VLCC 106
  5.5 최소 필요 항로 폭 분석 115
   5.5.1 외력 조건별 민감도 변화 115
   5.5.2 최소 필요 항로 폭 평가 결과 비교 120
제 6 장  결 론 124
  6.1 연구 결과 124
  6.2 향후 후속 연구 과제 129
참고문헌 130
</body>

