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A Study on the Evaluation of Ship Collision
by Human Error

Kim, Gwang Tae

Department of Navigation Science
Graduate School of Korea Maritime and Ocean University

Abstract

With the development of marine science, ships have become more
sophisticated, larger and faster, and maritime traffic has increased.
This increase in maritime traffic has led to strengthening marine
safety management policy. However, marine accidents are increasing in
spite of the fact that the development of scientific technique and the
complementing marine safety policy have reduced the 1inevitable
elements of accidents, which accounted for much of the marine
accidents in the past. In 2016, the number of marine accidents was
2,307 and the number of ships associated with marine accidents was
2,549, which are about twice the rate of increase compared to the
number of marine accidents in 2013 which was 1,093 and the number of
ships associated with marine accidents which was 1,306. Also, in 2016,
the number of deaths and missing people caused by marine accidents

reached 118, of 441 casualties
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These marine accidents cause damage to human lives, property and
marine environmental pollution. Due to the special environmental
characteristics of the ocean, unlike land-based accidents, immediate

search and rescue may be difficult or impossible in some cases.

According to the statistics of marine accidents of the Korea
Maritime Safety Tribunal, engine damages accounted for 29.3% of the
marine accidents from 2008 to 2016, which were 4,960 ships. Next, 3,853
crashes account for 22.7%. Unlike other accidents, collisions in the
ocean cause a great deal of damage to human lives and property. In
addition, large-scale marine pollution may cause social problems and

may lead to disputes between countries.

Development of marine technology is accelerating on the basis of the
Fourth Industrial Revolution Technology Innovation. The new marine
scientific technique is focused on new technology such as Big data,
augmented reality, drone, robot and fusion and compositeness of IoT
technology. This indicates that through automation, digitalization,
modernization of marine transport and port logistic systems like
autonomic ships and E-navigation, effective responses can be expected
regarding not only prevention of marine accidents, but also marine
disasters and so on. With the development of marine scientific
technique and the promotion of the Fourth Industrial Revolution in the
future, 1t 1s essential to analyze the data of the present maritime

sector and precede systematic analysis of causes of marine accidents.

Most of the marine accidents have been attributed to the human error
of the navigator, and it 1is impossible to prevent the human error
completely. However, in order to prevent marine accidents through
minimizing the human error, it is essential to understand the cause of

the human error.
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In this study, the present condition (statistics) of marine
accidents and the causes of collisions of ships due to the human error
were identified through the VTA(Variation Tree Analysis), which is an

analytic technique for disasters.

In order to 1identify the present condition of marine accidents,
Korea Maritime Safety Tribunal’s statistics of marine accidents from
2008 to 2016 were analyzed. In addition, the detailed causes of
collisions through the analytic technique VIA for the last 5 years
(2012~2016) of Korea Maritime Safety Tribunal's written verdicts of
collisions (369 cases) were analyzed. The results of the study are as
follows. According to the statistics (2008 ~ 2016), the number of
registered ships steady declined from 2008 (88,854) to 2015 (76,500).
However, the incidence of marine accidents increased by more than
twofold in 2015 (3.09%) compared to 2008 (1.26%). In addition, 70.7%
of all ships were fishing vessels. By the type of accidents, 29.3% of
the incidence of marine accidents was caused by engine damages and

22.7% was caused by collisions.

As a result of analyzing whether the ships collided were aware of each
other, between 5 years (2012 ~ 2016), 57.7% of all collisions were the

case where both ships were not aware of each other.

As a result of analyzing the cause of occurrence of collisions of
ships, in the case of give-way—vessels, the causes occurred in the
order of failure to be aware (76.1%), failure to judge (16.9%) and
failure to control (5.5%). In the case of stand-on-vessels, as well,
the causes occurred in the order of failure to be aware (76.1%) and

failure to judge (30.9%).

In the collision of ships, both stand-on-vessels and give-way-vessels

showed the highest percentage of human error regarding the failure to

- viii -
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be aware. In order to reduce such human errors, it 1S necessary to
develop sleepiness prevention devices such as interactive navigation
support devices by voice guidance, install and expand AIS equipment on
small ships such as fishing vessels. Also, 1t 1s necessary to install
an accident recorder (VDR) even on small ships for the accurate
analysis of causes of accidents. Identification of the cause of
collisions can be utilized as a basis for prevention of marine
accidents. In addition, if the cause of accidents identified in this
study 1is complemented and developed, and risk evaluation is made
through the analysis of ETA and FTA, i1t will contribute to the

prevention of marine accidents.
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Table 1. Registered ships

o9 A
&= A4
AAA JEH A d4 g ] A
kil
A= ks

2008 207 855 747 1,259 5,020 78,280 2,486 88,854

2009 200 820 721 1,245 =~ 5388 75247 2,466 86,087

2010 203 819 737 1,246 6,036 74,669 2,305 86,015

2011 212 810 729 1271 6,374 73,427 2,202 85,025

2012 221 798 721 1283 6412 72922 2109 84,466

2013 224 793 734 1,290 6,319 69,323 1964 80,647

2014 233 769 738 1,288 6,285 67,191 1,226 77,730

2015 270 753 739 1,267 6,245 66,234 992 76,500

2016 299 716 757 1,265 6,145 - - -

#2016 o4 55 H4 = 201749 12

o
o
T
19
|
2
2,

Collection @ kmou



et S8 20154)

==

6T126

b245
1267
e -y =il
) h .
= A4 [= = ] W ZIE} H A
= —_ ~ 1= - bl

EHRI) o 270
Uy 2L
Fig. 1 Registered ships (2015)
Table 2. Registered and accident ships
@9 &
Ax
2008 2009 2010 2011 2012 2013 2014 2015 2016
A
A5 S
o 88,854 86,087 86,015 85025 84466 80,647 77,730 76,500 -
3 (A)
S FA L
WAHS | 1,121 2,103 1,942 2,139 1,854 1,306 1,565 2,362 2,549
(B)
& FALL
~ 948 1,815 1,627 1,809 1,573 1,093 1,330 2,101 2,307
WAy A
3 FA
L1 = 1.26% 2.44% 226% 252% 219% 1.62% 2.01% 3.09% -
(B/A)

Collection @ kmou



19 S SHA0) YA WS U B U poos2016)

35,000

85,000

Woon 8k
2
g

75,000

s My rew G
5

g%.0on 1, I:J;ql ‘

£, 00 Hl
2028

200 2010 011

2362
3,301
1055
1573 LS55
1330
‘ o |
2013 033 w18 2%
-

ng‘_t\nj_ ik FEEE s Y H-Eﬂi#&:

W=

sl

Fig. 2 Registered and accident ships

S CEAL T A S (3008 20150)

350% 7

1543
2,30y

ELOD0
7,000
S.AH!
1.006

2000

1,000

1,000

3.09%

2008 0e 2010

Fig. 3 Rate

Collection @ kmou

2011 012 2013

e

of marine accidents

2014

2015

HER R



222 HFAL FFH

H 972008 d~2016'd) 9] S FA L FAE EW, AA sfFAtas
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Table 3. Marine accidents(year)

e A
= u) o} 4
o8 A A

g\ |GAY HEA fEA A4 T B &7

2008 21 74 27 59 76 257 864 1,121
2009 17 110 33 70 305 535 1,568 2,103
2010 22 133 45 97 265 562 1,380 1,942
2011 22 118 43 86 297 566 1,573 2,139

2012 32 109 45 104 249 539 1,315 1,854

2013 29 107 52 78 201 467 839 1,306

2014 51 111 51 102 221 536 1,029 1,565

2015 66 115 65 94 401 741 1,621 2,362

2016 65 116 67 77 430 755 1,794 2,549

Al 325 993 428 767 2,445 4958 11,983 16,941
T4

1.9 59 25 45 14.4 29.3 70.7 100
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Table 4. Marine accidents(ship & accident type)

e A
A oA
T s e e o OO g A EY L o
oFOET RO =g TF ey AR A9
85

oANH| 47 27 15 2 9 1 9% 13 61 54 325

SFEA [ 620 49 43 4 48 7 66 46 23 87 993

24| 216 11 12 1 34 2 36 25 19 72 428

o A |23 51 81 26 34 48 68 48 61 119 767

7] Bk | 410 47 159 84 78 63 813 43 425 323 2,445

o] A 239 66 670 253 654 220 381 497 1661 1,752 11,983

Al 383 251 980 370 857 341 490 672 2250 2407 16,941

F3v)
%) 227 15 58 22 51 20 293 40 133 142 100
A FAFL AT

- 12 -
Collection @ kmou



AL FESHYALD T EHE (200s20164)
4,960

5.000
4 500

4,000

3,500
& 3,504
of 3000
A} 2500
at 2,000
1,500
1,000
R

500

Ap =

dn

Fig. 5 Marine accidents(accident type)
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Fig. 6 Collision accidents(ship type)
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Table 5. Logic and Event symbols of FTA
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Table 7.9l FTEX9 E
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Table 7. Collision accidents(ship tonnage)

e A

208 100E 5008  1000E

ex| ox 9% G A% % e 1w

M e swE 100E smeE ¥ (1) .

A e A e A e
2008 46 47 30 13 44 1 ; 191
2009 51 54 17 12 30 18 ; 182
2010 52 51 32 15 32 21 - 203
2011 ) 46 27 12 28 28 2 185
2012 57 48 26 7 28 15 1 182
2013 55 39 2 6 23 17 - 162
2014 74 48 29 6 16 18 1 192
2015 67 31 10 6 19 28 1 162
2016 86 41 16 6 17 24 - 190
A 530 405 209 83 237 180 5 1,649
;L(:j)ﬁ] 32.1 24.6 12.7 5.0 14.4 10.9 0.3 100
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Table 8.9|A] A7t ZE=ALD AL £76871 = 04A] ©]F~08A] H]glo] 22071
O F 286%, 084 ©]F~12A] wgto] 1327 S 2 17.2%, 00A] ©]F~04A] ©]Tto]
122710 2 159%, 12A] ©]F~16A] H|¥lo] 120402 15.6%, 16A] ©]F~20A] w]gto]
917do 2 11.8%, 204 ©]3~24X] H|gto] 83740 2 10.8% = =} A 3+r},

Table 8 Collision accidents(hour)

s sl
204]
A 7H 00A] ~°F?‘- 04A] ~°F?_- 084] ~°F‘?— 124] ~°]§- 164 ~°]§- °]~§- -
A O] |k 08A] HI¥E  12A] HIRE 16A] mIRE 204 w]RE ‘2;%;1
2008 16 26 10 12 11 12 87
2009 6 26 18 12 14 11 87
2010 16 24 13 11 12 16 92
2011 15 32 6 12 13 9 87
2012 14 20 17 13 11 8 83
2013 14 18 13 15 5 9 74
2014 16 29 20 13 6 6 90
2015 12 21 11 16 11 6 77
2016 13 24 24 16 8 6 91
Al 122 220 132 120 91 83 768
?(Z/S;])H] 15.9 28.6 17.2 15.6 11.8 10.8 100.0
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Table 9.914 =& A A AAEHE B F76870 F e IX 7} 4842 0=
63.0%, 71EH(UZH) 7t 18672 24.2%, F-Fo°] 93ACE 12.1%, 7143 (714
ER)7 502 0.7%E =A 3§t} (Fig. 8)

Table 9. Collision accidents(visibility)

=@ A
ac Agers 7 g
=7 geww Sl O A
dw

2008 17 45 - 25 87
2009 7 80 3 - 87
2010 13 53 - 26 92
2011 12 46 - 29 87
2012 5 57 - 21 83
2013 5 49 1 19 74
2014 21 49 1 19 90
2015 6 49 1 21 77
2016 7 56 2 26 91
Al 93 484 5 186 768
?(;‘j)ﬁ] 121 63.0 0.7 24.2 100
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Fig. 8 Collision accidents(visibility)
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Table 10. Perception

2P
Q1 ] ¥z o
32z ul >z
Sl B ¢ AASFA W 3 & A

Q1 %] Q1A }
Ax =35
2012
S 24 10 42 1 77
2013

17 5 37 3 62
a9
2014

22 8 53 1 84
9
2015

18 5 33 6 62
us
2016

22 8 48 6 84
us
A 103 36 213 17 369
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21X 0 B (2012-20164) (n=369)
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Fig. 14 Perception
3331 A
20123 FE 2016 7R ©EAISE XEk SEALLL 5 T o] oA ZQAAI7E

A3+ Table 11.3 2t

AAE mabARE vghao] 1923(424%) o2 M Bokth HE oo FEAA
Hh7 o] 142%(31.3%), 20% ©]4 A 31%(6.8%), 5%~10% X 237 (4.4%),
3EFRE W 197 (4.2%), 3E~5E 47 177 (3.8%), 108~15% 132(29%), "I
11%(24%), 15%~20% 2 8%(1.8%) = UEFth (Fig. 15)
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Table 11. Perception time of give-way vessel

o9 A
Al 1 2B La 3F 5% 108 15% )
A T L
e\l el S s s e
20213 24 6 2 4 2 5 5 0 8
812 27 4 3 6 3 1 7 3 75
el ¥ 2 6 7 3 0 5 1 110
2 12 26 3 4 1.2 0 8 3 79
00 |52 28 4 2 5 3 2 6 4 106
¥A | 192 142 19 17 2B 13 8 31 11 456
(2 2] ATl et =01 7 (2002-201643) (N=a56
192
X
i
B A

T L3
l - ﬂ -'I . E -
opge E l0§-isR 1sE-20@ 10Q oY Oy

Fig. 15 Perception time of give-way vessel
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otk HE o]o] 1vtd o]3} o] 35%(7.7%), 2~57+Y T 24%(5.3%), 1~2
nld WA 222(4.8%), 5~100FY A 133 (2.9%), 107FY o] 13(0.2%),
m 2k 40%(8.8%) 2.2 YENStTE (Fig. 16)

Table 12. Perception distance of give-way vessel

@9 A
Azt R .
] 19 1~2 2~5 5~10 109} 4 @A
DECIIE S T R C B P
d=

2012

59 9 3 6 5 0 4 86
s
2013

43 10 5 5 2 0 10 75
dx
2014

84 7 6 5 2 0 6 110
dx
2015

57 4 2 2 3 0 11 79
ds
2016

78 5 6 6 1 1 9 106
dx
A 321 35 22 24 13 1 40 456
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Fig. 16 Perception distance of give-way vessel
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Table 13. Perception time of stand-on vessel

L R
= == 38 3% 5% 10& 15%
gl B wE B B A R 5 w8
. g A" "Rk 52 102 15% 208
2012
28 13 4 6 5 3 2 6 0 67
de
2013
18 17 1 3 1 4 0 4 1 49
dx
2014
17 22 7 2 3 1 1 3 2 58
dx
2015
7 18 1 3 4 2 2 2 5 44
dx
2016
20 16 6 3 4 4 1 1 5 60
dx
A 90 86 19 17 17 14 6 16 13 278

AL GO A2 E=QNA 2 2012-20169) (v=278)

o)
=
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[ ]
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|
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A
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) 30T 3252 s5E-10E 108158 158-nE o0 o}
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Fig. 17 Perception time of stand-on vessel
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Table 14. Perception distance of stand-on vessel
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d= aA ol wd  md wd oy
2012
41 7 6 5 3 0 5 67
dHx
2013
33 3 1 4 0 0 8 49
dHx
2014
40 3 3 3 1 0 8 58
as
2015
24 6 1 4 1 0 8 44
aE
2016
37 8 2 0 1 0 12 60
gz
A 175 27 13 16 6 0 41 278
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Fig. 18 Perception distance of stand-on vessel
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Table 16. Causes of collision accidents(Stand-on vessel)
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Table 17. Cause of ship collision

@l %
g4 A4
g 2l
Ry
Az #w 23, | AR g
A=\ | A g3 Ay s A
2012
s 65 16 5 - 43 23 1 1
2013
g 51 14 7 3 36 13 - -
2014
We 87 20 3 0 42 15 1 -
2015
e 58 12 6 3 25 16 3 1
2016
e 86 15 4 1 38 19 3 2
A 347 77 25 7 184 86 8 4

njghd S S A0 2 2191 (2012-2016') (nv=456)
zgun oY
55%  1.5%
e |
16.9%

x|2t e
76.1%

Fig. 19 Causes of collision accidents(give-way vessel)
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Fig. 20 Causes of collision accident(stand-on vessel)
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Table 18. Accident rate by causes of collision(give-way vessel)
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A% 2012 2013 2014 2015 2016 ¥ A
a9 e de de 9 de 4 i
(%)
TEE A 23k x| Z;A
™ 10 9 9 9 8 45 10.0
e 29y EA} 7 15 20 13 20 75 167
WA -3k Ao o3 Azt A
A
Zu|(doly, AIS)ol 93 ©x] 23|
z}
AH EF 2 2 0 1 2 7 16
Al
R 13 18 36 30 44 141 314
i
J ] Aol o35k whA- gl Ay
AAEF 0 0 0 0 1 1 02
SHEEZ 9 0 1 0 0 10 22
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Table 19. Accident rate by causes of collision(stand-on vessel)
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