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Abstract : Waterway design should prioritize appropriate channel width to ensure preferential safe passage for the arrival and departure of vessels. To
calculate the minimum channel width required for safe passage a comprehensive review of several factors is required. These factors include vessel
maneuverability, determined by vessel size, type and speed; environmental factors such as wind, tide, and wave action, human factors, including personal
experience and operator judgment as well as marine traffic and navigation support facilities for decision making. However, the Korean channel width
design standard is based only on vessel length, and requires improvement when compared with the standards of PIANC, USA, and Japan. This study aims
to estimate the appropriate channel width required for one-way traffic in a straight channel, considering various vessel and environmental factors, using
Fast Time Simulation (FTS). When the wind speed is 25 knots, with a current speed of 2 knots and a normal vessel speed of 10 knots FIS shows that
a 150K GT Cruise Ship requires a minimum channel width of 0.67-0.91 the vessel length (L), whereas a 120K TEU Container Ship and a 300K DWT
VLCC require 0.79-1.17 and 1.02-1.59, respectively. Such results can be used to calculate the minimum channel width required for safe passage as an

improved Korean design standard.
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&4, s 8 RH T4 ol #gk FoKSTCW) Sl
7)1 Zzate] dnb o] A4 9 7)ol FAE I o
(Kim and Cho, 2020), 49 2 37 @<l gk 7] ders

AEshe Aol v s,
Astel, U] Gt 4w g %

I 91O 1 }(Seong, 2014), =] I
aste] & o, g2 F Al 1w ol xjof &

84 ol digh AFAR AE 7E2 A
g olrt.

A, Aol A = -Evhet 2 AAIZIES] i 2
848 A ATHR T g Frd 875 = F
dE HFE& AES] S8k, su-9 dRAAVIE a9
ZAEa, =l g9k 8 YRl Uik A4S A
E3QIT) of&d, sl& AlEHolHE &&ste] s T/

Aut g AR @ A4E nHFo R, AR I
T 8TEHE HA PR F gk e AAE

o B

)

=

2. &2 HdAJ|E ¥

21 I &= A&

= 3 2 o] A A7) F017) A e A RkaFR e A ¢
g2 Z AA A At Zol(Loa)ys 7|Fo B Auk &3 F
WYERLT) 7 EA FFl uhek RS Th

—

[e

dute] £ & wd 7hsAdol gle FR2oIA= 05L ©]
ol AA7 Fow AEens s, F= Fo] 1.0Lo] H
A o A, AL A Au] Soll i el =
w3k v E stEE faska gl

dute] £ T wd 7hsAdol = FRoIA= 10L ©]
Fo] Adg Fow Hgens vk o, x| Hojr} A
WA ) AS mE gadntse] gu g T uwss a

g & Aol 5L oS A8eta, &= o7t nla
2 Am oigdubEe] wde] mMgk 9ol 20L o] %S

2 A -8-3H(MOF, 2017).

2.2 ofe = HAIIE
2.2.1 PIANC Gulidelines(2014)
Al 5= 1L % A A & 3] (Permanent International Association of
Navigation Congress)ol| A= A F-7} Q= A = & A4
Al v 2 2/ 5 A A A1 G e ol S
[

e P A BB Ao e FAGY 9%
[e)

= E22 oa A% 2ol UEhaL JITHPIANC, 2014).
VV()ne—wy = Wpyt E W+ Wgp+ Wpe Q)
WTIUO*’IU{I;I/ =2 WBZ\[+ 22 VV] + WBR + WBG + E VVp (2)

AZIA, Wy, o AF(Beam)®] WiF=A et 2545 54
of M 7 gz

YW 844 4 sl 294 e 3

Wi, Wy + B2 SHel tig off &

W, wAE FRoA Hukgt o] A A FA

2.2.2 JAPAN Guidelines(2009)

QX kAl 7)< 7] 55(Technical Standards and Commentaries
for Port and Harbour Facilities in Japan)oll A= &2 2 24 A
o A 2l ghe) S 5T e Ao o e me}

AE A - (Empirical Approach)¥} A5 7|¥ke] -1

H(Performance-based Approach) &2 &1 gt}

i ARt 4 g8 B34S 54T F e Ay BEA
HEPEe B, T AED A A Pol s
7o wd 7ol §le Al 05L o, ad 7hE Aol
9% A, LOL o] HA% Fow A gIArEs @

W A2 g B AT ¢ A A5 A% ]
uhe] e e B, oy v )2 gR Fo
oS A3)7 o] A Ekar QITHMLIT, 2009).

W= Wgyt+ Wip 3

o] 714, Wy, : Wind Force, Current Force, Yawing motion,
Drift Detection®] WF3¥ 7|2 &= %
Wi : Bank Effect, Passing, Overtaking 5 7% 28
of W& F7F ¥g= F
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2.2.3 USACE Guidelines(2006)

21 t}. Shallow water ?7&0117\19] Q9 g 2 Hute &
(Beam)s 7|Fo 2 AWEF2 th 299 Zo] YERH,
W FFE o A(5)eF 2ol VERAL ATHUSACE, 2006).

W()n,ef'u'ay = (30 ~5.5 )B (4)
B,+ B,

Wiy = (45~ 65) () )

o714, B, : A7 A¥KDesign Ship)e] =

= RS |
B, : 5% A"N(Traffic Ship)e] %

3. 3L O DeY= 24

3.1 g =
Sl ARE Fe A9 R dgs B4R, F N
AFEAE, FFE, AR, AW, FY 2, O,
1T?§})9] 157) @25 W3 d2=2 A4S0 =3, =

*(Channel Width, ©]3t CW)3} &= Z ©](Channel Length, ©]3}
cLye Aw(ew, 2 CL, Y= 71522 F 47019 Group2.

avg. avg.

2 FEsoen, 1 A= Table 13 2T}

Table 1. Group of Channel by CW & CL

Cw CL
Group Port Channel (m)  (km) Remark
A Incheon No.1 410 23 CW'=< CWoy,
CL>CL,,
Incheon No.3 830 13
Ulsan No.1 480 12 CwW>CWwW,

B avg.

=u @ e JAFRe] oW Bl CLE sk BT
Fig 13} o], {4 &= F(CW,,, )= °F 454m, Hf =2
AON(CL,,, )% °F Tkmi ARG,
Ao ) vk F8 UYFEE Group Coll 43k
Ao JE}, @2 Fo| @k Had Fi(CW<
mq): OLE QO]7}‘ @‘EP_E}— H] 7(-] %L%(CL< CL{J'UgA) ﬁg
B2 AR
. CW vy
|
1
20 H
° |
§ 15 i .
| 1 [
g ! L4
S e
E 10 E
R e e EE L LR e T CLyy
* oo i .
o e |
® 0 H
0

o 100 200 300 400 300 600 700 800 900
Channel Width(m), CW

Fig. 1. Group of Channel by CW & CL.

=3

%ﬂ% gz *474171_011 02 g2 F A F7HE Sl
ATE HHo® FH% fduddT s o
Data(2014d ~2018')E &al3lon, U &bl Ao 5
g} MYl (Max Size Traffic Ship, ©]d} 7S )o] AWk AU
Table 29} 7T}

Zy gobd g F3 duke] HdF2 Container Ship 2
Cruise Ship, LNG vessel, VLCC, Ferry 522 ZAIES1OH,
T8 FAHES] FTFt FAIE 9 HHo] &
F g27] gl Aoz sdgHEch

o= &uhy

Pyeongtack Passage 740 15 CL>CL,,
Daesan No.1 870 14
Busan No.l 340 5 Table 2. Dimension of T'S, . at Domestic ports
No.2 400 2 TS
Kwangyang No.3 380 3 Port
Nod 20 3 Type Loa (m) Beam (m)
0.
C NoZ 190 ] CW<CW,, Busan Container Ship 400 59
Ulsan N 0'3 300 3 CL< CLyyy,. Kwangyang Container Ship 339 60
Daesan No.2 290 2 Incheon Cruise Ship 348 47
Jeju Passage 90 1 Pyeongtack LNG vessel 345 55
cw>Ccw,, Daesan VLCC 333 60
D Busan No5 770 3 v :
CL < CLyy, Jeju Ferry 192 27
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Table 3. Result of C'W appropriateness evaluation by KDS

Ts CWwW/ KDS
Port Channel max
Group 0l nne @ m TS One Two
way way
A Incheon No.1 348 1.18L O O
Incheon No.3 345 241L O O
B Ulsan No.1 333 1.44L (6] (6]
Pyeongtack  Passage 345 214L O (0]
Daesan No.1 333 2.61L (6] (0]
Busan No.1 366 0.93L (6] X
No.2 183 219L O (0]
Kwangyang No.3 339 .12 O (0]
No.4 339 1.24L O (0]
C No.2 229 0.83L O X
Ulsan No.3 260 1.15L (6] (6]
No.4 245 1.22L O (0]
Daesan No.2 123 2.36L (6] O
Jeju Passage 192 047L X X
D Busan No.5 400 193L O (0]
Oneway  Two way
Group A Incheon No.1 18
Incheon No.3 241
Ulsan No.1 14
Grow B Pyeongtack Passage 24
Daesan No.1 2.61
Busan No.1 0.93
No.2 219
Kwangyang No.3 112
No.4 L34
Growp C No.2 0.83
Ulsan No.3 15
No.4 122
Daesan No.2 236
Jeju Passage 047
Group D Busan No.5 193
0.0 0.3 10 13 20 25 30
Fig. 2. Result of CW appropriateness evaluation by KDS.

F.BL

4. Hi& A EY0|M T8 2[4 &2 = HI}

4.1 AE80[4 7HR

dHLzZ/\]Egﬂo]xﬂp_ Nxﬂ Aut 238217} /\léﬂoﬂ o]
sl AAIZE A Ed o] 4 (Real Time Simulation, ©]3} RTS)Z}
Y] A 75& At A darelFel o
T4 5= S Al E# o] A (Fast Time Simulation, ©]3} FTS)O
B o] Mtk RTSO| A, @Ak At iy
o vheksh SHEx o gt tigk FHA Xé"cﬂ@'
B77} bsa, FTSe) A9, HEsE FAE dd 240
oste] TS AF A el A 5 A B7Ht

715 3 (Gong et al., 2008).

AdWrA o2 FIS9 Ao daglse Ak 39
Aol WA A EapAg, AuF aa(V) 2 Y 2
()] Wtz 8] = & 4bgel] nX = JaFs 23A o]
w AgHo g Fristal, FRo Y-S HES= gl
A QFARRRLS gREkE Zlo] = HA o)) wiie wj& Al

5 it o ¥ A

o = MMG(Modular Maneuvering Model) 58 &2
g Eo] 9= AlEHOIHE AMESIF o, uA HFT A=

Fig. 33} % TH(Yasukawa and Yoshimura, 2015).

Yo
0

Fig. 3. Coordinate system of ship manoeuvring motion.

4.2 NEgo[d ALtEe 74

W% AECl A Atele TS 98 Au(V) B 87
A 92(E)°] Al W82 Table 49 2T

Ak 2 2(V)el 4, Aol 300m o] <] i 33
A+ © 2 Cruise Ship, Container Ship, VLCC & 9] A& o2 A7
shlon, §38 442 PIANC Guidelines 9] X< 2} 5 (Fast
: Vg = 12kts, Moderate : 8kts < Vg < 12kts, Slow : Skts < Vg
<8kts)o} = ARt 8 FIdFzoM O Hat A& AL
AIHF 7.8~ 11.7kts)E FHaLste], 7, 10, 13kis 5O % 2743}
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(By) §9 2k PRkl 2 stebvley W) ne W
AEE B SHrk

v 2B BF, 7l 718 SR VIS T F AR
Qlms) TS AH3te] FHS HA Sksoll Al ] 45kes
7HA 10kis T 2 WSkA]A A g3kt

2R 2A(EYS) A%, Tl 8 Fuel AXstn e 3
2ol M9 f4 BAS Farstel, A 05ksol M Hel 20k
A 05kts TAE WA A A g3tgict.

o (Bl A5, dutHow Putelld & Aut
o] Aolet At Al =] &8 THe e 2k 3me 1L
#Hste], Ha 1mollA 3m7bA] I m @9 & WHstAA 483
Atk obel, vt 9 xR, 9 5 Yz A9 B
e ok ol dsl dedor Hgstud, wE A
o} e el FYgo FAs A4St
Table 4. Description of each factor for FTS Simulation

Category Description
Ship A 150K GT Cruise Ship
v Type Ship B 12K TEU Container Ship
' Ship C 300K DWT VLCC
Speed Voo 7/10/13 knots
wind  Eya; e/ ws/wa/ ws 5/15/25/35/45 knots
E,  Current Eciycoica10 0.5/1.0/1.5/2.0 knots
Wave Emyimm 1/2/3 m

HFE A G2 E 24 Aol AN 2L B3 ax
S g S AlE el Aue] &5 Table 594 2t
Table 5. Simulation scenario

Division Vs Ey E¢ Ey

Case  Ship (kts) (kts) (kts) (m)

1~5 By, ~Eyy

6~9 Vs Eey~Eg,

10~12 Ep ~Ep

13~17 ‘? By ~ By

18~21 B Vo Eo~Eq,

22~24 é Ey ~Epg

25~29 Eyy~Ey;

30~33 Vs Eey~Eey

34~36 By ~Emp

AlgdlolAd 71uke] AF

=]

=

H

ols
o
32

o

% Group C9] Hit dol&
g kel Fig 49} el AlF A H
%8 A F(End Point)7}A] 2 A 8F 2ol A v %?’gs}%
o e FE T(WyYe F& FHHS 7
F=o Ao Hu A& :F_7}o Vel

e oM. —iﬂi
¥ oHo T

AN
(o
i
o

RREES

End Point

End Point
200m  400m 600m

2NM

600m _400m 200m

1NM

Axis basic
manoeuvring
lane

0NM

[ JetPl et ¥ e S et Hem SE e $EE e SEE e 81

Start Point Start Point

Fig. 4. Analysis of appropriate channel width according

to Simulation.

4.3 o4 HuE MY Y2 = o4
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Table 6. Result of W by Fast Time Simulation
. Ship Track (Vg) » .
Division Minimum required CW
EWB E(74 EHJ
v ] 1.00
[ —x—Ewl
*)r l: o0 ——Ew2
;1 § 0.80 == —a&— Ew3
LZ § 0.70 I I —— Ew|
150K GT 7 | —B—Ews
. . y . 0.60 |
Cruise Shlp VA ! ! ? 0.50 | I e
Sie& Tond =
/; 0.30 I —B8—Ec4
| 0.20 —&—FEhl
0.10 L_ ——ER
o0 —— Eh3
W, 0.64L 033L 025L Vsl vs2 vs3
8 220m 114m 85m Ship Specd
i i 1.00
bl | —x— Ewl
o ! 240 —e—Ew2
1 0.80 —&— Ew3
| 0.70 —— EWd
12K TEU 4 - et
Container Ship 1 B —o— o1
(Shlp B) y 1 = = —&—Ec2
[ —e—Ec3
4 0.30 —&—Ec4
‘) 0.20 —a&—Ehil
i .10 —e—Eh2
e —@— Eh3
W, 0.52L 053 L 030L Vsl vs2 Vs3
s 187 m 188 m 106 m Ship Speed
@ 1.00
f%; 0.90 ii:i
% 0.80 —a—Ew3
?f; 0.70 —eEwd
300K DWT é / 0 P
VLCC ] /}g}' g e —o—Ecl
. 1 V! > —a&—Ec2
(Ship C) j ‘ij 0.40 —o—Ecs
L) 0.30 —8—Ec4
0.20 —&—Ehl
o.10 4 —&—Eh2
—0— Eh3
- 045L 0.86 L 035L e = o= -
s 158 m 302 m 123 m Ship Speed
44 2L 82 B JIEHE U g9k AV AAE 49 SEE T g2
g AlEd ol HME B AEY oA HubdE de Z 71050~ 1003 vusks A9 Fig 59F 2ol 159
G2 Ees P AAVIE dA Aasta gle @R F 6TH AT Ao 091L® vEht S 715 fake
o vl AEE 9fste], AUl A Al F2l S uEetd oz BALQL Y, 19 24 TEUR AHoYAL
AA o] AAgd BA7IEEH, 247, 3 $)s FL Hd) 1171, 307 DWIF RS A 15919 F=
SR A=Y o] Aadt Ao Yel U Ik AV EY dWES
AzgAEdeldSs 283 F2 F AHY A7 A, gw J)32e APRE xilele fFow EAFYL
FRoIA ] TF Al Vo~V Wl WHE P 5kis(By). o) Bete) i Mutel BF 2 R, 234, 53
5 F 2ks(Epy), I oF 3m(Ep)] £3E A8 A9, A& T Mu g9l v 25, 9 5 344 991719
159t GTH AFZ242 067L~091 1L, 1% 23 TEUF ZHo] AaA#AA7 F4 d= Z A nX= F3ko] Hluz A
UXe 079L~1.17L, 309+ DWTH UF2HHd2 1.2L~ gslops= RS o 4

1.59L9] &= Fo] W3 Aoz HEYIT
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mVsl
+Vs2 159
14 ®Vs3

147

L0 :
556 Y
091 I 4
08 e 079

ONE-WAY
0.67

Ws(L)

0.6

vy 05

0.4

0.2

150K GT Cruise ship 12K TEU Containership 300K DWT VLCC Korea Design Standard

Fig. 5. Comparison of required CTW between FTS and KDS.
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