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Evaluation of Navigational Safety

of Ships on the Korean Coast

Chang-Hyun Jeong

Department of Maritime Transportation Science,

Graduate School of Korea Maritime University

Abstract

There are winds and waves in the sea, and they are changed
frequently in accordance with the weather. By analyzing them which
have the closest relation to the ship’s safe voyage, evaluating the
seakeeping performance and then taking a proper action, navigators
should carry out safe navigation on the sea.

The seakeeping performance can be defined as the ability of a
ship to go to sea without any loss of performance, and successfully
and safely execute her missions even in inclement weather
conditions.

A ship in seaways suffers continuous disturbances by irregular

waves, and ship motions with irregular waves cannot be easily
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described as a system model which is adequate to a control system.

But, in general, for seakeeping analysis, ship motions in irregular
seas can be estimated by the superposition of the motion responses
in regular wave components of the sea spectrum.

After comparing and analyzing the winds and waves in major sea
areas, this paper evaluates the navigational safety of ships on the
Korean coast with potential dangerous seakeeping performance using
the weather information provided by land.

The conclusion is as follows:

(1) It is possible that the safety of ships could be secured more
accurately by evaluating the seakeeping performance of ships.

(2) When the weather is bad, the departure of ships could be
controlled by evaluating the navigational safety of ships.

(3) When a ship is placed in commission in any area, this evaluation

could be used to decide the type and size of ship in use.
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M5 | Station | 9%, F % |H 35| Station | 9=, %= |HZ| Station | 9=, A%
1 2420 | 38.2, 1244 24 | 2639 |33.8, 1264 47 | 3737 | 34.9, 1294
2 2421 | 379, 1244 25 | 2539 |33.8, 126.1| 48 | 3836 | 35.1, 129.6
3 2522 | 378, 124.8| 26 | 2440 |335, 1259 49 | 3935 | 354, 1299
4 2623 | 376, 1252 27 | 2341 |332, 12577] 50 | 3934 | 35.7, 129.8
5 2724 1374, 1256 28 | 2045 |32.1, 125.2| 51 4033 | 35.9, 130.0
6 2824 1375, 1259 29 | 2442 |33.0, 126.0]| 52 | 3932 | 36.1, 129.7
7 2924 | 375, 126.2] 30 | 2542 |33.1, 126.3| 53 | 4032 | 36.2, 130.0
8 2925 | 373, 126.3] 31 2543 329, 1264 54 | 4031 36.4, 129.9
9 2826 |37.0, 126.0] 32 | 2643 |32.9, 126.6| 55 | 4030 | 36.7, 1299
10 | 2727 |36.7, 1258 33 | 2743 |33.0, 1269 56 | 4029 | 36.9, 129.8
11 2828 [36.5, 126.2| 34 | 2842 |33.3, 1271 57 | 4729 | 37.2, 132.0
12 | 2829 |36.3, 126.3] 35 | 2941 |335, 1273 | 58 | 4028 | 37.1, 129.8
13| 2729 362, 126.0] 36 | 2840 |33.7, 127.0| 59 | 4027 | 374, 129.7
14 1 2830 |36.1, 1263 37 | 2739 |33.9, 126.7| 60 | 4427 | 375, 130.9
15 | 2831 |358, 1264 38 | 2838 |34.2, 126.9]| 61 4026 | 37.6, 129.7
16 | 2732 | 355, 1262 39 | 2938 |34.2, 127.2| 62 | 3925 | 37.8, 129.3
17 | 2633 |35.2, 126.0( 40 | 3038 |34.3, 1274 63 | 3924 | 38.1, 129.2
18 | 2634 |350, 126.0] 41 3138 [ 34.3, 127.7| 64 | 3923 | 38.3, 129.2
19 | 2334 | 348, 125.2] 42 3238 | 34.4, 1280]| 65 | 3822 | 385, 128.8
20 | 2635 348, 126.1| 43 | 3338 |34.4, 1283| 66 | 3821 38.8, 128.8
21 2536 | 345, 1259 44 | 3438 | 345, 1286 67 | 3720 | 38.9, 1284
22 | 2637 343, 126.2] 45 | 3537 |34.8, 128.8
23 | 2738 |34.1, 126.6] 46 | 3637 |34.8, 129.1

<E 2-1> AR AN = 5, 4= 573)
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Beaufort Scale of Wind Force 2-3°| 3l3% & Zo= APAd H¢

TFolzt T £ gl

1
o
4
of
>
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A=A

= 45 7 AZ A71%E
Bk
= X 4.2 3.6 4.0 47 4.1
e 3.7 25 25 4.2 3.2
H & 25 1.9 1.8 25 2.2
o 3.2 2.4 2.3 35 29
3o = 3.3 25 2.6 4.2 3.2

<E 2-14> FFF9 AT U AFAAH T TS5 (m/s)

8.5
< I S t:ts vt i i B i

T
70 b \ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PR
6.5 - e / ——————————
L) \ ,,,,,,,,,,,,,,, .

|
) O R’ \ ,,,,, / ,,,,,,,,,,,,,,,
5.0 he

—_— . T s . """"""""""""""""""" /.’
D 45w N ‘/\
E 40b T T T — L o
3
3
2.0 |
D —m— Lf |
(1)-2- """"""""""""""""""""""""""" —o— Q||

0.0 Lt 1 1 1 1 1 1 1 1 1 1 1

<9 2-15> HF5F9 AT Ul - ¢ AFAAHY FTFFEH(m/s)

<A™ 2-16>2 Ha T AT W - 9 ASAH AdTES
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= UEd Aew Ul Adi o Adow Thae o A4F o

= G (Month)ol A 7F4 73 HH#FE2S Yelbd Aot}
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K
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o
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off
2
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 gE-gAEe] FE ¥tk ZARe AL AUl 9Xe w

2.4.2 9%

<E 2-15>, <% 2-16>9 <19 2-16>2 HF4Y A7+ W - 9o
A B2AAEY Add - 9 HEFogdaE Holy, 7 #=XH

Al SA e vheat 2

7-1:35°10 "N, 125°50 " E 7-2 1 35°10 "N, 126°00 " E
7-3:35°10 "N, 126°10 " E 7-4 1 35°00 "N, 125°50 " E
7-5:35°00 "N, 126°00 " E 7-6 1 34°50 "N, 125°50 "E
7-7 1 34°50 "N, 126°00 " E 7-8 1 34°50 "N, 126°10 " E
7-9 1 34°40 "N, 125°50 " E 7-10: 34°40 "N, 126°00 " E
7-11: 34°30 "N, 125°50 " E 7-12: 34°30 "N, 126°00 " E
7-13: 34°30 "N, 126°10 " E 7-14: 34°20 "N, 125°50 " E
7-15: 34°20 "N, 126°00 " E 7-16: 34°20 "N, 126°10 " E

<& 2-15>0 4 ®Bxo], Haa el AT A A Het



s

F O
o

o)k

0.1-05m 1822 AE9

[e)

=

0.0-0.6m, 7}
AFES AHAAECd 2A anA =A4

=

=

=
=

0.0-0.4m, ©
o]

7% 0.0-0.8me] tt.

=

il
23
g

o
B!

2 & 0.2-0.4m, <

Aol 7W7hE 7-12, 7-13 A7 9] A%

ér

-

O

B

=
=

0.2-05m, 7F= 0.2-04m g3l AL 4% 0.3-09m=

=]

]

ostast Aol wLd BE

ﬁo

AR5
Beaufort

0.3-0.5m,

T

-
-

=

o)
PR -

33 0.6m
j=

ofutie oJFH9 0.2m

el el

0.5-1.3m, ¢

A9 0.7-1.2m=

=

Yerd .

ol ANAE(7-1, 7-2, 7-4, 7-6, 7-9,

79

05-0.7m 1383 AL

[e)

ol Al AL&H 06m7Ae BEE H]

Scale of Wind Force 3]

g HE Alolel X
7-11, 7147 7) e AA

7}

=

i
2
i

0.4
0.5
0.4

0.1
0.1

0.4
0.8
0.6
0.0
0.2

149 %7793 (m)

0.3
0.5
0.4
0.3
0.1
=

=
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0.6
0.3
0.3
0.0

0.1

0.4
0.4
0.3
0.0
0.1

7-3
-5
=7
7-8
7-10

<#E 2-16> HFF9 AT W #




A-
= o & 7h& A& 713k
A3
7-1 0.6 05 0.7 1.2 0.8
7-2 1.3 0.3 0.7 1.1 0.9
7-4 0.6 0.5 0.7 1.0 0.7
7-6 0.5 05 0.7 0.7 0.8
7-9 0.5 0.5 0.6 1.0 0.7
7-11 0.5 0.5 0.5 0.9 0.6
7-12 0.4 05 0.4 0.7 0.5
7-13 0.2 0.2 0.2 0.3 0.2
7-14 0.5 0.6 0.6 0.9 0.7
7-15 0.3 0.3 0.4 0.6 0.4
7-16 0.3 0.4 0.2 0.3 0.3

<#E 2-15> HFF9 AT o FFAFY FFFYHa(m)

0.0 1 1 1 1 1 1 1 1 1 1 1 1

<39 2-16> B579 ATF - 9 BEAPe) FFHHIL(m)
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FETYg AT 2 F-29 AT

BT AT AedE ddw sidderyH 9wy 59

e, Fde 2L 3F7 AFEE AY FAZel )28 A &9
& TE}

23

<ad 2-17> BF79 A8F
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25.1 vt&

<E 2-17>2 B AT el fAE = ghell dojA e A
Al HTFE5S Uebd Aot B 39m/s, 91 F 34m/s, 7FS 3.4m/s
a3 AL 49m/se] HEE H o] Beaufort Scale of Wind Force 3¢l

i

st gom PETge Agelan 1¥ £ 9

4 = 3.9 34 34 4.9 3.9

<E 2-17> FHF79 AT W BFAHY BT S (m/s)

<E 2-18>2 H5TY AT ol A= Hel AWSolA #=3
AdE HTFES veRdt & 28-3.8m/s, & 2.2-39m/s, 7S
24-42m/s 1811 AL 29-50m/s¥ ¥ E Ho Beaufort Scale of

Wind Force 39 sjdat= 42 12 A3 $&olgba 28 4 glvh

e = o= 7he He A2k
A4
= 4 0.4 0.6 0.3 0.4 0.4
FA = 0.4 0.3 05 0.8 0.5
HAE 0.3 0.3 0.4 0.6 0.4
g At 0.0 0.0 0.3 0.0 0.1

<E 2-18> HFT79 AT 9 BFAHY FHEFTEH(m/s)
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<9 2-18>0lA HZo] H&F9 Yo} 9 F HusHH PAFTEHS
agA 2 2ot glke 2S4S
£
4qr
B0 20 o
T 0
ol |
—eo— 2|
0.5 e
0.0 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12
2 (Month)
<29 2-18> B9 AT W - & #ZAHY HFFE(m/s)
2.5.2 %%
<H 2-19>2 SEyE Fo AdAARE T el s s A
AA ] QoM HirFouuE Yeld Aoz HEFY AT H
ol A8 e AL 2302 HETFY 99 ANE EA ot <H
2-19>¢F <z2® 2-19>elAM & 4 9ol Fd Fdfrovhile 1.0m,
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& 09m, 7F&1.0m, A% 1.3m 2832 Z7]7F 1.1m= Beaufort Scale

of Wind Force 4 o]/l Ad3sl:= &2 ot}

=
E
T 0.8
o1
0
F 0.4 L
—n— 2|
0.2
0.0 L1 1 1 1 1 1 1 1 1 1 1 1

<29 2-19> BFFG AT o B H BT F%T(m)
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A4
W5 2 o= b A& 7171
23 1.0 0.9 1.0 1.3 1.1
24 1.0 0.9 1.1 1.5 1.1
25 1.1 1.0 1.2 1.6 1.2
26 1.1 1.0 1.2 1.7 1.3
27 1.2 1.2 1.3 1.8 14
28 1.3 1.3 1.5 1.9 1.5
29 1.2 1.1 1.1 1.6 1.3
30 09 1.7 0.7 0.8 0.9
31 1.1 1.2 1.1 1.3 1.2
32 1.0 1.2 1.0 1.1 1.1
33 1.1 1.2 1.1 1.1 1.1
34 1.0 1.2 1.1 1.0 1.1
35 1.2 1.2 1.3 1.5 1.3
36 1.0 0.8 1.1 1.4 1.1
37 1.0 0.8 1.1 14 1.1
38 0.8 0.8 0.8 09 0.8
39 0.9 0.8 0.8 0.9 09
40 0.8 0.8 0.8 0.8 0.8
41 0.8 0.9 0.8 0.8 0.8
42 0.8 0.9 0.8 0.8 0.8
43 0.8 0.9 0.7 0.8 0.8
44 09 1.0 09 0.8 09
45 0.8 1.0 0.7 0.7 0.8
46 09 1.1 0.9 09 1.0
47 1.0 1.1 1.1 1.1 1.1
<E 2-19> ¢ AXARAR YoM FF 9% (m)
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2.6 BFET9 AT 2 29 ATy

033

<a2¥ 2-20> 5T AT
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2.6.1 vt&

<E 2-2002 BETY AT el f1xE e ARBSAEG
AWSO A #5g wigo] AdYd FdFSHS UEd Aotk &
1.7-41m/s, 915 15-4.0m/s, 7} 1.4-40m/s 18|31 ASH HAF
42 18-46m/se] X5 UYEHAT o]E #2 Beaufort Scale of
Wind Force 2-39l 3|33l 3102 H5F9] Aol @ 9l

=

AA . - R .
> = o5 7 & A 717¢
oq F 39 36 4.0 46 4.0
= 1.8 15 1.9 2.0 1.8
5 9 2.9 2.7 2.5 2.9 2.8
A A 1.7 1.6 14 1.8 1.6
Lol 2.4 2.3 1.9 2.2 2.2
oA 4.1 4.0 34 3.7 3.8
o of 3.2 2.7 2.9 2.9 2.9
Ab & 2.4 2.6 2.1 2.2 2.3

o

A
=5
[\
=
N/
rlo
o,
y
-
12
2
©
-
fo
=2
R
N
rob
>
=
wn
=2
>
i
AN
2
)
o
lo,

AR HAFFEHS Hed B 27-52m/s, 9IE 23-48m/s, 7IE

25-42m/s 183l ALH HIFHLS 2550m/se EEE HY

(~f
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Al
= 45 7 AZ A71%E

Gk

i 5.0 44 4.2 5.0 4.7
A= 2.7 2.3 2.5 2.8 2.6
& 5 5.2 45 3.8 5.0 4.6
B A 2.9 2.4 2.8 3.3 2.9
Aol 3.7 4.8 3.3 2.5 3.6

<E 2-21> H579 AT ¢ FFAHY HAFFEH(m/s)

=(m/s)

Ho

<9 2-21> HF5TFY9 AT Ul - ¢ AFAHY FTFFH(m/s)
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2.6.2 9%

/\
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o
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VAN
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>
DN
w
V
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W
o
o
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N\
V
rlo
o,
-
-
18
2
©
-
=
to
2

dA T BEAAS] AL - A FEFIHLE wolw, 7 B3

el A= ta3 2.

9-1 :35°00 "N, 129°00 " E 9-2 1 35°00 "N, 129°10 " E
9-3 1 34°50 "N, 128°50 "E 9-4 : 35°03 "N, 128°45"E
9-5:35°02 "N, 128°50 E
A-
a5 ol & a=s A& 713k
A4
9-4 0.1 0.2 0.1 0.1 0.1
9-5 0.1 0.0 0.0 0.0 0.0

<E 2-22> HFT9 AT

W #SXHe HFF9 33 (m)

A-
a5 ol & da=s A& 713k
A4
9-1 0.7 0.9 0.7 0.6 0.7
9-2 0.9 1.1 0.9 0.9 1.0
9-3 0.7 1.0 0.7 0.6 0.8

<FE 2-23> HF79 AT 9 AFAHY HFFYHa(m)
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1= 0.6-1.0me &

Beaufort Scale of Wind Force 4°l
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<3 2-19>9] el AdbAAA Tl HaE AT HToll Sl A E
A AHL 40-4601th. olE AHL BT HFe 9] wnirie] ¢
Aepr, <" 2-23>cM ®Xel, & 0.8-09m, 945 08-1lm, 7=
0.7-0.9m, A&° HFrolgtie 0.7-09me] EXE5 vepdHT A7)
of it Hir 233 0.8-1.0m= Beaufort Scale of Wind Force 49

sl Zlelt

12
1.0———/l—
| ]
0.8 |
=
T 0B
El
ol
0 S
—a— 2|
0.2 | e
0.0 ! ! ! ! ! ! ! ! ! ! ! !
1 2 3 4 5 6 7 8 9 10 11 12
2l (Month)

<29 2-23> BFFG AT o B HY BT F%T(m)
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27 3579 A0F 2 B2 AFFY
HETY AI0TE SN 2ERERE Sk o228 A
3 o & ko)

47 52

42 43 58

<a2d 2-24> BTG AL0F
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2.7.1 vt

<HE 2-24>¢F <a¥ 2-25>2 HFFY A0 el HA= &4 A
Wol| o] AEd € HEEE5S ekl Aolth HAELS
1.9-2.3m/sZ Beaufort Scale of Wind Force 20]3}e] aldstes Ho=

el el AgAe gholga @ 9

it

o & M & 7|7

= A 2.3 2.1 19 2.3 2.2

<E 2-24> HFT9 A10T W BFAHEY HATIFEH5(m/s)

T
L T

Z%(m/s)
]
!
|
i

1.0 |

—m— LY

0.5 |

0.0 Lt L L L L L L L L L L L

<aE 2-25> FFETY AL0T W #SAH T FE(m/s)
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<3 2-25>9F <#2-26>& Hq AT W - efel AT AHE
o AdE HitFoldans Bl v 1 AHE9] fA el
10-1 : 35°28 "N, 129°23 " E 10-2 : 35°25 " N, 129°24"E
10-3 1 35°26 "N, 129°27 " E

Al A
i "y AF | e | AT | Az
XU

10-1 0.6 0.8 0.5 0.4 0.6

<E 2-25> HFT9 AT W #SAHY FHT 332 (m)

Al
= 45 7 AZ A71%F
Gk
10-2 0.8 1.0 0.8 0.7 0.9
10-3 0.9 1.1 L0 0.9 1.0

<FE 2-26> HF79 AT ¢ FZAHY FHT K32 (m)

<3} 2-25>9 HEY ] AHe A HiFeoluis 04-0.8me
2 X ZE et} o] Beaufort Scale of Wind Force 3-49 3|33+

AoE, BTG AT ASE FFTY WIAE Fe sust @
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il
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=
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)
o
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<o)
=
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ettt A7) e HeEsogdaE 09-1.0m=E FFET9 e AR
=’

0.0 L1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 10 11 12
2 (Month)

<H 227> SElyE T2 AdAARH T Fal A& A= A
AxA ol lojAe] AdE A Fouus A

107 2ol 918 s AFS 48, 492

F AAHe BA HiEFogdiE 10m, 9EHE 1.1-12m, 7ML

Llm, A&#2 1.0-1.1m 18]aL A7[zkel Z2A A= 1.1me B9

)

15 Helth o] #2 Beaufort Scale of Wind Force 45 %= 3¥3l+= 3
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e N
Ha 2 1% e A | Az
48 1.0 1.2 1.1 1.0 1.1
49 1.0 1.1 1.1 1.1 1.1
50 0.9 1.0 1.0 1.0 1.0
51 1.0 1.0 1.1 1.2 1.1
52 0.8 0.8 0.9 1.0 0.9
53 0.9 0.9 1.1 1.2 1.0
54 0.9 0.9 1.0 1.1 1.0
55 0.9 0.9 1.0 1.2 1.0
56 0.9 0.9 1.0 1.2 1.0
57 1.3 1.2 1.5 2.0 15
58 0.9 0.9 1.1 1.2 1.0
59 0.9 0.9 1.0 1.2 1.0
60 1.2 1.1 14 1.8 1.4
61 0.9 0.9 1.1 1.3 1.1
62 0.8 0.8 1.0 1.1 0.9
63 0.8 0.8 1.0 1.2 1.0
64 0.9 0.9 1.0 1.2 1.0
65 0.8 0.8 0.9 1.0 0.9
66 0.8 0.8 1.0 1.1 0.9
67 0.7 0.8 0.8 0.9 0.8

<F 2-27> F3 AAFAAHN oA BT {93 (m)
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3.5-5.6m/s% Beaufort Scale of Wind Force 39| 3

A]

o

A

X
=]

ol &

e

U

1

O

3.0
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<E 2-28> HFT9 AllT W #FAHEY HTIFEH(m/s)

A
3 A% | e | As

L

A

EES

4.5 5.6

<E 2-29> HF79 AllT o #SAH HFFSH(m/s)

5.5 —\

50

45 L /
.~\\

4.0 | \ /\.

3.0 o

(m/s)

H
o 20 e

0.5 e
0.0 Lt 1 1 1 1 1 1 1 1 1 1 1

<9 2-28> H479 AllF U - 9 ASFAHY HTFE5(m/s)
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2.8.2 9%

<HE 2-30>, <FE 2-31>¢ <29 2-29>& HETS AT W - o

FEHAFE wolv], 1 AHELS

il

A4 AREA 9ol A

0o 2

11-1 : 36°03 "N, 129°25 " E 11-2 : 36°01 "N, 129°27 " E
11-3 : 36°06 "N, 129°28 " E 11-4 : 36°07 "N, 129°33 " E
!
= 45 7 AZ A71%F
A1
11-1 0.3 0.3 0.5 0.5 0.4
11-2 0.3 0.3 0.5 0.5 0.4

<E 2-30> BHETY AT B BEAY FEH 31 (m)

!
= 45 7 AZ A71%F
k!
11-3 0.5 0.5 0.8 0.8 0.7
11-4 0.7 0.6 0.8 0.8 0.7

<E 2-31> BHETY AT 9 BEAY FEH 31 (m)

<3 2-30>0 A H o],
= 0.3-0.5me] o] Beaufort Scale of Wind Force 3¢]3}9]

=4 &2 i

By =
—X=

o] o
==

PN
T A
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<I¥ 2-29> HF79 AllT W




(1) dAZ F712 =AH¥E 33l(wave elevation)e] 23X &=

A Eol, 1 =3 Rayleigh £ X2 w&t}.
(2) E3r23 9o Hdde Mz g J3#Zyg gus 7R

o2 T+ 3] T H (superposition) ©] t}.

o] BiFHAe 9 sMEPow 4
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ok o 7oA = FAAA T3] (ISSC)oll A A& FIg 3
oku} A= EZS J)F P-M(Pierson-Moskowitz)d A3 EH S

Aeerdth, s ~NEDS S@oldtn W thgw pgW

—

S(0) = G 011 (H, ) T, (42 @) Fexpl —0.44(5" - @) )

o
<2 3-1>
w3k AA e A REEE 3 ~FEZH whekAd H
Yol M= 3o Hyr M8 W s w2 ~ n/2 9
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3} 7} % (Vertical Acceleration)

(m}) 9% 7}4 % (Lateral Acceleration)
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24,
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Exi® 3lat, Al B 7] Exieol st H7F Ex9 v & X &

o] A% ng @ Aol gl

Xi
_ h _ [GX' ] _ Ox, <A 3-4>
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Type A Type B Type C Type D
Items
AR | A4 | AR | AA3 =
LBP
47. A 28. 43.
M) 7.00 38.40 3.00 3.00
BREADTH 9.20 8.00 8.20 8.80
(M)
DEPTH
M) 2.30 2.35 2.05 2.75
DRAFT

M) 1.56 1.40 1.40 1.50
Cb 0.647 0.731 0.666 0.667

L/B 5.11 4.80 3.41 4.89

B/D 4.00 3.40 4.00 3.20

B/d 5.90 5.71 5.86 5.87

- ) 2 7k 760 970 660 1260
HAaAd 590 476 388 463

T aaAsEe| 2397 1873 1462 2216
G/T 248 140 80 280
Lightweight 285.2 223.8 153.1 3125
KG at L/S (M) 2.085 2.369 2.153 3.256
Displacement 448.2 327.8 224.9 393.3
KG at A (M) 2.842 2.66 2.49 3.39

<¥# 4-1> Principal
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