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Abstract : Jinhae Bay, characterized by frequent runaway ships and strong winds during typhoon attacks, poses a high risk of maritime accidents such
as ship collisions and groundings. This study aims to determine a safe separation distance between ships in the Jinhae Bay anchorage, considering the
unique environmental characteristics of the Korean sea area. Analysis revealed that an average of 100-200 ships anchor in the typhoon avoidance area
in Jinhae Bay during typhoon attacks, with approximately 70% of ships experiencing anchor dragging owing to strong external forces exceeding 25 m/s
wind speeds. In this study, we analyzed and presented the separation distances between ships during anchoring operations based on domestic and
international design standards, separation distances between ships used as actual typhoon shelters in Jinhae Bay, and appropriate safe distances for ships
drifting under strong external forces. The analysis indicated that considering the minimum criteria based on the design standards and emergency response
time, a minimum safe distance of approximately 400-900 m was required. In cases where ample space was available, the separation distance was
recommended to be set between 700 to 900 m. The findings of this study are anticipated to contribute to the development of guidelines for establishing

safe separation distances between ships seeking refuge from typhoons in Jinhae Bay in the future.
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Q1 et Wil tf gk
oje} Fo], AW A
Aantel] BF WE Al
A bA A Foll e
o7 IFPAE o] &at= A
= 71Fel o4 fla A
= fEve g S—é
T A HE uF A A
kil
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Aafuke A *
T 5Z gty sted SH R Eunte] = S o] th(Choi
et al, 2014). Fa vt Y Bl = e E 7|FoR 5&
o= wmhakakat HajEe]l $1A8] i AMFoRE d,
rdE T AWNF AP S A FalE dAEo] Sk &
ol Al e et 9] gk o] dgs AsH7] doll Hajwtel] 2
AgukA, g2 9 HF 43 5 eek 93gxe] dnk ¥

I e, AS5oR hgdy ndd, AW AP At
I sol HAAEA E FRIES o] &3t e o
4 g oojdEe] v st
g Qe AR wpike FhAld g AE] L
AAAEE FRAE SGAFE ] mreba] mRibak, 2EE Bl
1@ Qo] AAHe] o] Urh(Masan Regional Office of
Oceans and Fisheries, 2021; Gyeongnam, 2018). t}4ta}, =z &) ak
183 T S AYgstr] g F2 ol Hv FIs
Al A Fqre vk @ 2 Foe] bl #
gk aLAlol whet Zhe R, vk E M PR, 18R, o

A, ez, 4732 9 g E 5ol AthMasan
Regional Office of Oceans and Fisheries, 2022).
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Table 1 2019 ~2020d - vhehol] 2 H A JFs &
elFe] A7), Aeek 3 o)A A & vERd 2ol

23 QI #AZ 40 A B5H EF TAPAH, MAYSAKY}
HAISHEN®] $=7FH)E4LS 25mis ol = o] 717k%
m$- 73 e ol ATt IACS(E A F Aol whep Auk
94 anchor= 2} 9| ¥ 5H -4 oA HYFE 25ms, ol

% 25msS 7o 2 AAE Q7] Wikl olF xTet

943301 = % %E ol AT 7ol wlg- &

o} R THIACS, 2017).

- 339 -



Al

4+ 37

- 40

Mo
rio

Table 1. Typhoons affected Jinhae Bay (2019 ~2020) BF s Al ggAder 45 E4¢ A3, F 1,7283 9
_ — Mupo] st WA o] F P Ao 4EHYch 1 F
Dist. fiom |y | Central % MITAG W% A 2407]0] mFale] 713 Be 2 58
Typhoon Jinhae Bay Pressure | Type _
(NM) ‘?Eieg (hPa) Bl HlF KROSA W5 Al 2x o= 7P A2 o] Adut
S - =
o] H#3}s Ao B
DANAS 88.1 24 998 TS | AFR e 24 ]%E}'j _
FRANCISCO | 137 32 | 1,00 | STS Table 29F Table 3& b2t BjF 0l wieh e T Aduy
5019 | KROSA 187.0 43 975 TY TR 9F A4S UEhd Blo|th o] 7)ol A T]epd ek
LINGLING 183.6 47 965 TY oM} A, el ulaE Mute] ¥aky Aolt)
TAPAH 64.6 37 980 | TY
MITAG 443 37 22 | TY Table 3. The Number of Ships by Ship’s Size
JANGMI 17.3 19 998 TS
BAVI 202.8 45 955 TY Typhoon
2020 ~1K | IK~5K | 5K~10K | 10K~ | Un-
MAYSAK 218 49 %0 | TY Mg"' e‘gmd ton | ton | ton | ton |known| L1F
HAISHEN 32.6 55 955 | TY L
DANAS
24 ms) % | 97 40 7 8 | 176
2.2 Tajor Mut mE HE 3 YA AEY &M FR??%/SCO 29 93 32 9 3 171
221 WY Mur 24 (2 ms)
e o= KROSA
BE UG A Ao gahe Aue] AFe ¥R @my | 0 ¥ | B 3 2 P
=) - =) ] SO p SL O
7] $13l 2019 ~20200d FsRte] FdS w107 BEFS LIEGEVH\TG % | 105 47 13 3 | 201
o g dael Ao gH duel A gH T
2 AR A% 0] AT SR 4FE A sray | 0| 88 | S6 | 12| 9 |2
Al Alse] A ARWE o) g3to] AFUME AWSAOM, MITAG | o | o | s | 8 | 5 | 0
AEE g H5 9 dured g 35 58 (B7 ms)
B AE9 J(f;‘@f)[ 6 | 6 | 4 | 8 | 6 | 143
B % | 94 | 46 | 12| 19 | 19
Table 2. The Number of Ships by Ship’s Type (45 m/s)
MAYSAK
Tophoon — @5 m0%) 39 | 77 33 5 14 | 168
(Max. Wind | Tanker | Cargo ger Tug | Etc. | TIL HAISHEN
Speed) (55 w9) 33| 67 34 6 | 13 | 153
8%3 67 65 0 8 | 36 | 176 Total 299 | 831 415 | 83 | 100 | 1,728
RO 1 st @ | 0 | 10| & | m ]
( 5) AsE BA A, s, BAA, 7184, diAd, 44
@my | B3 |0 [0 1| N9 goz gkt F2 SR 9AMe) o] wol
LINGLING 7 ol 0 4 | as | ool o] F A= Ao & YEpRth Auk f R 24 A3 1,000
(47 m's) ~5,000%, 5,000~10,000%, 1,000 "%k 10,0008 ©]d 52
(g‘;“Pn‘?I:) s0 | 8 | 0 | 13| e | 205 o= UER} wghdute] FRE F2 1,000~ 10,000E 02
A = ATk
MITAG A :
(37 m9) 50 | 105 | 0 | 21 | 55 | 240
{f;‘@g 5308 | o || 21 | 43 2220% #H 24
BAVI LA a1 Aol A AFL 2AG w2
@smy | 2B L 0B TP ) qge e vk, 8, n@F § A
N{fYIi/AK 49 57 0 2 36 | 168 AT A Eoltt oinh, BF W5 Al HsEE vt
I-iAngng\I S FF A7) SEl YR 2EE, AR, FE, 1Y
(55 mls) AL |47 )0 24 Al I3 g sk ok W ofo] Aute] Aubal  glEE &
Total 539 | 658 1 137 | 393 | 1,728 T3kl JThKim et al, 2022).
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Fig. 2. Analysis of Typhoon Shelter in Jinhae Bay.
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5 98l olsstd Hutwt FH Fo|ul Aute] FESH Al
FHZFold AMuto] FHuo] FRFIIH7}F A5 Ala ol
A}, Aure] anchorys HWEZ 25m/s, A 755 2.5 m/s
S V1o 2 AAZE H7| wiEel 2020100 HAS HF =
MAYSAK 5 Ht#F40] 25 msS 23l HlEFod s FE
7Fsdo] wl§- ol THIACS, 2017).

Table 4+= 20203 Zl3whe]l kS 3 471 <] g Fell gt
o gMuk gin] FEAES YERA 2 o] ChMasan VTS, 2021).
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g A4, e FHAR ALE 55 a1t ¢
JH o2 Table 594 o] A8k Zo](Length Overall)
(DepthyS 715 0.2 A A FHTHMOE, 2017). Tt B3 98
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Table 5. Anchorage Range according to Korean Design Standards

Table 4. The Number of Dragging Vessels on Typhoon Shelter Method Sea bad & Wind Condition | Anchorage Radius
in Jinhae Bay Single Anchor Good for Anchoring L+6D
— Bad for Anchoring L+6D+30
chor Dragging . -
Typhoon Vessel Vessel | 1he Rate of Dragging Two Anchor Good for Anchoring L+4.5D
JANGMI 169 36 21.3% Bad for Anchoring L+4.5D+25
BAVI 180 21 11.7% L: Length Overall(m), D: Depth(m)
MAYSAK 166 154 92.8%
HAISHEN 153 108 70.6% .
A 424 1L F A 3] (PIANC) = Harbour Approach
Total 668 319 47.8% TS AL BAEIANG PP

202039 479 EFo] E B uf Xléﬁ‘ﬂo s
Auke F 66820l 1 ol 31925478 %)°] FHIT | A
o= FAHAL

E3], HUFE%o] 25msE ZHEAY 2o THe
MAYSAK ¥} HAISHEN=> 1 H|&o] U] F el FHt} &9k
= dl MAYSAKS] -9 F d&49t 1663 5 92.8 %<1 1543

Channels Design Guidelines= &3l 714 2 A do] 4353t 4
9] HA HHbA] wbAS A1)y o] HISHTHPIANC,
2014) o] AellA F7F W4 30m= TR g o {49

S ougty, wRA R EE 93 59 A3l diEsiA e
?xﬂ@‘ﬂ A& AAEEL YA = E)

R,[m])= Ly, +5h+30 (1)
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o714,
R,: B w7 m), Loa: A¥te] 0] (m)
h: 58] 54 m)

A& FFHAAH AN E FH Al FH % At T
WA sk7] S8 71z wEt Al AEES g st
= S AAE o Aubzol et £AlS VEo R ke A
2 Tdsta 1_ ol W& o fFAdE F7IeqlTh

A= Aubdoel(L)eh 4l el 3ul(3D) 1E Al o
F9 90mE Fo L+3D+90mE wHE o &= Bk
2 A4 = gla A= Aukdol(L)sh A9 4u)

olfr5 145mE 7ol L+4D+145mE vt
A E 4 43kt (Japan Coast Guard, 2020).

asQlol e FR s 87 24 Sol ueh mu
WA AYIES hu glon) FR W F 4 He W
g 8 ek @R A AE7IES 2(2)9F 2 THMinistry
of Public Works and Transport, 2007).

Rlm|=P,+ W+ C,+ Ly, + 8. )

o714,

P 912 2 A1 S 8 Sl olste] BAEE R R

27 @z}, Aubzol o] 25~50%S A&

W: 71320 dd mA ghow A Eoo) wel
o 210 m7kA] A&

Ci: AR A=, Lpy: 449 4% (m)

dubdel e} 10 %

2Rl A A &sta = AAVIEAAME 53 gt
Aol Ao wmg wAggle] EAs= T2 10m/s |3,
10m/s ~20m/s, 20m/s ~30m/s, 30 m/s == &5 A2
o] ¥ A 4 FE5T Om, 60 m, 120m, 180 m=E % -&3}

O‘?‘ = &=
I AHo] B A9 7 F4£Y 30m 90m, 150 m, 180 mE
A g-3hc}
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Kang et al.(2021)> F 3T B 3] &x|o|A] Hukx] 4=4]
of we dur B 2R W E5S ANSAL B gl
A dd Arel Fo Ave BAste] W HYA <
A& HEstaat ok

3.2.1 Anchor2t Anchor chainQ IFE 74 R
FTH AFEY dd2 98] T3, 9o & g5
Zo], anchor @ 355 Zojo] wp& A Qle| 358 FF
< Axtstar, 98y o] 95 vlalste] dukgith
Kang et al.(2021) vlge] o3k F48S 2(3) ] &3}

ol

&R FUAGE Fujiwara et al.(1998)7}F A ¢Fak 5244
& o833tk
1 9 1
Fy, = A X — 3
w = 2 pa.Ca TVa 1000 ( )
o714,
Fy: Z3E e, p,: 5718 E(kg-sec’/m’),
C,: Av EHAS, A AW FSHE A D),
V,: F5 )
2= wpEEd gk Aite]thk(Ship resistance  and
propulsion, 2012; Kang et al., 2021).
F, C.8V? % — @)
c 2p wtf 1000
o714,
wlzHA & (t-f), Pu: NTFE = (kg sec’/m?)
Cp: vhRA AL, S: A5 EAA @),
45 (m/s)
oA7lellA HFREHA(SS 2B 2ol ALk vh(Ship

resistance and propulsion, 2012).

S=(1-7d+ C,* B)L Q)

o714,
d: %"F(m), Cy: WA AF,
: AF(m), L: 5477 (m)



1efut e 5 9] ahA] Auk Auzt oA A dAl #ek A
g 3 92 anchor®t anchor chain 352 ¢] o 4. Flsot st o|AAHE MF
o Axtetn 26 T AMAS dEhd Aot
(Kang et al., 2021). Aul 0] Myl WA= Alns F=0 B ol =D
o]%-°] F&E & % Fo| AtHKim et al, 2018). oJol
Pr=P,+P.=wA, +wAl ©) o= -9 B Yol w2 Aubd o] o] AA g e}
AA Aant 93] Gukdzre] olAA e EAAR}E vl
o] 7] A, atal, o] & Fstol m&Fola kg A &FE AT
P: anchor®} chain®] & 32 (t1), Aupd A o] AARE HAstaat gtk
P,: anchor®] 3}5=(t-f), P,: chain®] I}7E(t-f),
w,: anchor®] F%(t), \,: Anchor®] I}A|, 41 28 XHd mE 'ﬁt_l'l-ué 0|Z|,' = =4
Table 62> ¢-2lvte}l &nt 9 o FHA7| & 5 37%elA A
wei chain] $FEIO, A: chains] FFAT, B¢ FUjs] 427150 e Aud FE aEegu
L sl Aol 2= A]1e] 2 o) (m) o] A7) vERA Aojth,
322 Mshdt mWEX FH FUd A= Table 6. Estimated Ship Anchoring Arca (Diameter) by Ship’s
Aegre] AdE B Fmud)el™, EFT 03~20 Tonnage according to Various Standards
knots©] T, #Fal= Bl T3] B5HE AW g9l 3mE A& (Unit : m)
Bt ek A1 15~50mo] B2 7k A= 4] 20m, IK~ | 3K~ | 5K~ | 7K~
_ e Standard ~1K 10K~
30m, 40m, 50m% TH3Fe] =33} T} Kang et al.(2021) 3K | 5K | 7K | 10K
gaxdro 2 Zelm A o] & 30005 T ~9,0005F oA AT L+6D 180 | 205 | 220 | 235 | 250 | 285
4z ol 2423 anchor(ASS type)9} L3} anchor(AC-14 type) L+6D+30 210 | 235 | 250 | 265 | 280 | 315
o Aesdr) B EAA0T AL 79 shacklel L+5D430 190 | 215 | 230 | 245 | 260 | 295
NZsl= Roz Aastdry Ao weE g3:A4 42 a5 L+3D+90 210 | 235 | 250 | 265 | 280 | 315
9 anchor(AC-14 type):= mudol A 10, A1 218 anchor(ASS type) L+4D+145 285 | 210 | 325 | 340 | 355 | 390
T 4, chain®] A f-ol= FFAT 15 2833l 0.5LA6049x27.541L420 | 418 | 455 | 478 | 500 | 523 | 575
Kang et al.(2021)2] ﬁrJroﬂ w2 7} 4] 20m, 30m, 40 m, 0.5L+120+9x27.5+1420 | 478 | 515 | 538 | 560 | 583 | 635
50mell W2 T8 A FEL 1392 anchor(AC-14%)7} 0.5L+180+9x27.5+L+20 | 538 | 575 | 598 | 620 | 643 | 695
ARg Auto] A& anchor(ASSE)7F A X ¥ Aulw ) ¢ L: Length Overall, D: Depth
2 Aoz BT £4 20m] A9, FH DA S
FE5L 44~61knots, TA 30mel gl FH LA A Auk s A ¥ A S o] fal= Mule] EXML
TEol B~VknotsS! Ao FAEHATE T, AC14W welEte] 1HEQK) o5 Aukel A 19HE(10K) X3 Aukt
anchor A AuFe] A9, HE 7 Shackles &S W I %) grfo] BH= FEIQGTE A&y 9ax] o] g 3 %
¥7h 5m W] B30 anchor shank”} B2 Aol E A} wha] Mure] 3718 Egw pRegon), -9 A7)
gto] A d anchors AFE-FF Aubat vlS2dk Ayt L}EM NFol s Mute] ZolE m7] BF 7Fo 8 Ab&s7]
T AeR RS FA 0me] A, TR A FES ajitd] Aube] A7)e] me Ak W] WE dE F
41 ~58knots, T4 50 me] -l Al FE0] 37~52knots 37 YJEl] 67 TEWEE YT E42 HAAsa o=
= veitth 22 FAEome] 2= g BE 0 g 34 LoAR @abelgith Bl dolze] ke
TFH7E 5mov|Rte] HHA 7)o FEI7F RS A Restrepo2013)e] AT ATE G859t A AFE Ao
2 BAEAY. 359 A& H chain®] BFE7F FolAIL pugHET HAuk of (mkHe] B4 9 7)o glo|E S 283}
943301 AR e FAdTE FA Aashs A of AARNE B B do] Aol ARAAE A=
2 EAEATh wEhA, 2E A chan AEF9] Uehyglon, W TR Aaw 1E S F2 ALgEs
oéﬁok% Ho] §E7] wlFel 73k oH oAM= chaing HUE  ukE o]sle] Mul A o® TAE] glo] B A &
AEdhs el el 3 % 9lg Ao wastin
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e

il

T

5

8

5

A - AAE - Ao
n(LOA) = (In(GT)+5.062) +2.935 7 E =017l 95t 10m ©]sF g W
6ol A AAIE A w7 700mE FaLsle] 1,500 mE
U] &guk 9 o A7 Fol A AASHE HEET B = oA EE A AT A AL
BE F ity o g AL gstE TEES Vo R AHe F Table 7= Bl A FgAute] o|A4Ag EAANE
< oDyt FA4 S wLreD30yE A&ttt At yehdn o] ¥ o olAAw = AL T 9EH 47}
Aolo] 3t vlo|HE A8 A5, 180~315me] HAZMA 661 o7 M AL BF A ZAHKROSA)®] 941.98 m, H Ak
L}E}Ur‘— Ao Hk]g;](})d\];]_ l‘qﬁP A7) 236K 02 I W ﬂ]% ‘:’]E]'(MITAG)O]
PIANCO A AA3F= Aukx] A 7|0z Auk o] 78020 m=z A% 9tk
oF A4l suje] gl o o 30mE B e gho= Aut
Aolo] 3t vlolHE A8E A5, 190~295me] W74 Table 7. Distances between Ships due to Typhoon Effects
e Aos RAEI Typhoon _ Standard
Ao AA|Ee wEtAE dubHQl dellA @015 2020 | Min (m) | Max. (m) | Aver. (m) | oo ion
L+3D+90m, &4 Al L+4D+145mE A4 4 DANAS 310 1,470 854.88 242.57
Rom Huk Hdojo] ik dolHE A8 49, 210~390m  FRANCISCO 270 1,470 847.51 262.57
o] WMol A e Aow BAHT} KROSA 360 1,460 941.98 249.50
299l AA7FME Hukdole] 50%, 7]4FA ] LINGLING 300 1,500 800.98 224.90
B4 o2 747t 60m, 120m, 180 mE 37Fok b, zﬂ ol Al TAPAH 210 1,480 840.06 249.18
T A
% G2 x**%P“EP dut 740] °l 344 dolg & 28 BAVI 200 1:480 784:29 245:27
ch 5418 695me| W A7kA e = Jlom 248 MAYSAK 180 1,480 81627 | 25907
HAISHEN 310 1,420 893.92 23592
4.2 AIS ?{X|ZE 7|4 Muk 7t o[HAHE A
W7 Qe 98] o] g A6t 1} o] AAY] BAE 5 Table 8141 20194 ~20204 EIE Ul A w]alAure]
o1 20199 % 20090 2Pt SR el 10 EF WS oz joom prraz Treled 4352 B
713ke] AIS @4 ARE o] &sto] v|Fduhs AHEsigle o} 100m 7-7+9] o] AA T JpA = Hube AwEA] 9o
™, o1& <& 2h] 4 AR A, AT TR RS o oA j00m 7o c018l, soom F7HE 5053,
Bk oV AARE wASA. Fig 3& AFA VAARN T g0 Sre 57580, 1,000m TS 4933 S £ B4
A2 J%ELE okt Aot} Haleh
L2 e
7 4 Table 8. Number of ships by average separation distance
= T S Z Typhoon | ~ | 500~ | 600~ | 700~ | 800~ | 900~ | 1000~ 1100~|1300m
mZ2‘;jle'f:::f';fagzz‘;fcgg';m:z‘:t’wo (2019~2020) | 500m | 600m | 700m | 800m | 900m | 1000m|1100m| 1200m| ~
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JANGMI 11| 24|45 |38 3635|2760
BAVI | 22 |29 | 45| 8 | 72 | 60 | 50 | 47 | 41
MAYSAK | 16 | 24 | 37 | 57 | 54 | 56 | 43 | 37 | 49
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Ratio[%] |3.32|5.36|9.91 [15.12(14.97|14.47|12.40| 9.41 |15.04
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