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Objective: The purpose of this study is to modify quantitative risk assessment of the
maritime accident using the risk matrix considering uncertainty of the data and to
figure out the main cause through all types of maritime accident.

Background: Maritime accidents happen not frequently but it causes severe
consequences such as human losses, economic losses and environmental damage.
It has negative impacts on the level of national safety and national competitiveness.
Although Korean government makes huge efforts to decrease the number of maritime
accidents through the mitigation policy, unfortunately recent maritime accidents are
not declining, resulting in fatality and economic losses. In the research field, it is
necessary to consider the risk assessment criteria based on the quantitative analysis
of the maritime accidents. Also, to increase effectiveness of the mitigation policy, first
we focus on the cause related to human error.

Method: In the study, (i) we modify the existing risk matrix considering uncertainty
of the data set in order to get more concrete results and suggest the practical risk
assessment criteria. (ii) In the analysis on the cause of the accident, first we calculate
the rate of occurrence from each cause of the different accident type and find out
the main cause by each accident type. Secondly, we figure out the reason which
causes various accident types.

Results: By applying the criteria of the modified risk matrix, it is possible to interpret
the results as more sensitive considering uncertainty of the data set. And the main
cause of each accident type and common cause of the maritime accident are due to
human error.

Conclusion: Quantitative risk assessment using the modified risk matrix, and cause
analysis can suggest well-founded risk mitigation measures and improve the
performance of the accident mitigation policy.

Application: It may help the policy maker to make appropriate mitigation measure
and apply to other fields as the objective risk assessment criteria.
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Figure 1. Number of maritime accidents

T HME S{FALDO| 2ot QYISO X2 67t HE2 CHE21t ZCt QAYIsle ALY, AF, B4C=2 L0 AMYXts 20144
BHE AHCE FItet AAE HHESI0] 7HE %2l 2019H0|= 69FO|CE 2|0 SHUYAID Ll Al B4X= AFYRRL AEX}
=HCH Bon 20143 176F0IA Ofd S7t510] 2019'30]= 449HO|Ct OtX|AO 2 HEX} HA| 7tet ZHAE BtEstT on X
= 20192 29Fo 2 WA 5H F X2 X2 HOIC} Figure 11t Figure 20il A1 LIEHE ZAM 3 SYALD Bz OIHT|sH= 23
71&9 LI AlDKNZ M= 75t S5t Yale 2ol

00 449

450

400 378 353

350 295 293

300

250

200 176

150

100 76 73 9‘3 68 69

50 % . . 52 - *

o 445 —ry" «- 45 - 34 . 29
2014 2015 2016 2017 2018 2019
+--- Death « - Missing Injury

Figure 2. Fatality of maritime accident
3. Methods
= AF0ME At GO|HQ| SSt4dE Htds +=HE YL HEYAE MBS0 SMALLS ALLGEE dr 2435 Al
RUCh 71EQ| YE= HHEZA 7[H(Won and Kim, 2019)2 C|O|H Q| HutS A= o QU0 HIO|Ee| EAE & HtYs=

http://jesk.or.kr



J Ergon Soc Korea

152 Yoo Kyung Won and Dong Jin Kim

1= ZM0AM AHEE HIO0IH

[=13
o

| Al=|go] oIt

tH, At

HOE At8S

o
o

Il
MRt FRte, d2[1d BYAE Kim et al. (2013)0]

2 Q010 AITHIZ ()9} AT

o
[¢)

E2j20t 20| 9

1C Oj

71E A

=
[

Aol EH0M

M At

=
(=

[

[

f

1

ARt AbD

ot 19857 H 2019EMHX|e] AEE YA SA HO|HE 0|83t

ol
o

oA A

vl Xe)
ymel

97}X|(collision, touching, stranding, capsizing, fire - explosion, sinking, engine

failure, death - injury, etc)O|Ck.

L2 7|E2R NRH2Z LIFOX|

Z
C}. ot O|E S8l

s

97t

ChFigure 3). & (1), @QOIA k=

o o
%+ 9l

P

3

= HEHAE A

|?5-I
(==

o
e

= ?lg= 87t 7|1E0|

4 slo0] of

St
=

__l_L

D kP99 ()

u(p)

k=1

D ucH/9 @

(o)

k=1

e U 7ol MRE2E LD 2

1= ot &

o
[¢)

AbD T

I Mz2%2

.
o

AL JIEZS AfDHIEE
ANA S22 1, 2, 3 4AZTO| £l 24 AFZEHS T

#E o=y

= O
=, TI

L oF msizt

(o]
2

17t 25 Hof flee=st

| =9 |3

H
[

ol

J

Gl

OB 2 4AZ B2

oz Yoz BAZ & QUL O

<]
=

8o =

P (0.11)

25.00

# Collision
C (7.876)

Engine Failure

¢ Capsizing

20.00

® Sinking

15.00

10.00

@ Death-Injury

o Et¢.
Fire - Explosion

5.00

¢ Stranding

® Touching

0.00

0.10 0.20 0.30 0.40 0.50 0.60

0.00

Figure 3. Risk matrix on merchant vessel

N

el

o]
—_



153

O|CH(Freitas,

of H=Sof i

]
—

t2| o

.
[¢]

o= 20

g]

LIS
C}. ol2fet ZHIF2 oAt ZYAZ o5 2|Hel oAE

o
& oj

3

.
o
[

otR| R
71z 918

4

L

Study on the Maritime Risk Analysis with Uncertainty and the Cause of Maritime Accident

Ch. 1222 =2 A0

AN

o]}

A
M

b

2fL} Figure 39| P18 = DIEZA0 HAILE
Ll

WZoll =ofl ZHt
4.1 Risk matrix with uncertainty

30 Jun, 2021; 40(3):

4. Results

JF U of o = ol T O
RS AF RO o RS L B
y g MU= AR
dEopizan
gl uf o K
WX S Dy
SRS g
T o, MW X0 E g
> o WA B X
¢ou‘_7._L|o_.m_.o
m _._.glﬂmw:__
O_uAIﬂA_E._ ...,Aolr
__A_n_WMLﬂ_u._MoleHmv
ﬂ4|E_A_.H_ME_
o ol F 10
o_eu_._._n_mn_r_._ﬂ_.a_e
Rs 2 m WU K F
= 2w )
or 5% o o U 5
o M B gl R
NS o =3 -
= p0 o7 J4 kb IH T
) I - RA
_H__n_._.x_._||_|o3ﬁ._ﬂl
oo MW ™ %0y 70
...A|L7._7mu_.__oW|&£
ﬂH_A_mH7m_.%_u_.
W_._ELI..qa_?omoﬂ
<4 O 00 o ~N
o oo B or o0 2
L|O| |HAO
TS H Yo 8
GRS R R
2w _ A -
._Inw___z_uo._“._._.__._._lﬂlo_eﬂm
o i — RO g 3 kit
EOHIMAATWWLE._IEO
o T m ol N
dAWo gz
a_uﬂ_qu_l._.._lld_‘ﬂmﬁ
Yus ez s
[==] o N0 0 I
o U —_—
EEW@EN&H
BB 5 RN r of
%%_ﬁﬂmnunmﬂm._
Ko m RS oo o 10 <43
KoRS oy =
~ KO Rl = 2 %o o7
N K = =
___A_._.T:.LQW
A omonom N E M
arolo s Ay,
E_mmé.ol_ﬁﬂAm
=N H 20l
W TE W s Ky
%Mﬂ,zté%mm
oFo W % B .
i = d = <k
H_Lr_u_/m_._u_uowﬂ_.%
RORI TR g
IS F KA S H

http://jesk.or.kr

0.70

0.60

——0—Collision C (7.876)
0.40 0.50

0.30

H-Injury
Etc.
plosion
"
Stranding
0.20
Engine Failure

P (0.11)

&

-

0.10

Touching

Sinking
——
Fi

Capsizing

8, ¢

0
0.00/

7.00 ?

2

42.00
32.00
27.00
22.00
17.00
12.00
.0
-3.00

37.00
Figure 4. Risk matrix on merchant vessel with uncertainty



154 Yoo Kyung Won and Dong Jin Kim

Table 1. Result of risk matrix with uncertainty

J Ergon Soc Korea

P C
b (PY M (PYsup b (PYint Overlap b () b (e B (it Overlap
Collision 0.552 0.586 0517 11.703 15.792 7614 X
Touching 0.043 0.052 0.034 0.684 1328 0.039
Stranding 0.102 0.119 0.086 X 2547 4065 1.029
Capsizing 0.015 0.019 0.011 21.283 44.506 -1.940
Fire - explosion 0.042 0.049 0.036 5546 8510 2.582 X
Sinking 0.046 0.055 0.037 14.980 21.735 8.225
Engine failure 0.075 0.091 0.060 0.249 0.509 -0.012
Death - injury 0.045 0.056 0.035 8.057 9.683 6.431
Etc. 0.079 0.100 0.058 5.834 11.493 0.175
U (P) = 0.11 u(C) = 7876
Table 22| 2t AAQAO| ME|T7HS BHATH AN QY He EFE A2 what FalstH Ch3at 2t
o TALRH: 1ALRHO| &3t BE2 ALHIEQ ADLs] 257 Haghe 250 ezl g2 MIQEeR 2RELC: d2fLt
EE(Collision)2] AL 1AHRHO| £3517| = SHX|B 224 de D3O CHol AAG0 2FeS & = ULk F, Ma|7ts
s ZFO| MulzE M2|F7H0] (0517, 0586)2 ZESH 1AHEH LHQ| ZHo|Lt At Ifsio] AL AME|F7t0] (7.614, 15.792)
2 Stotgfo] Baatel 1170320 2ot M2| 7t Helof ZAZ0| ZRHEICE O] 22 Atnmlshrt HEsHA 1At el EFE d=
Ct &3 0lof hE AtDXMZ ChHHS Fotstr|of £2(7F ACH J2iLt up eHFof 2ot AFnKZ T org Qo 2MYS
gorg i #H0l 7|FS MEshks 0| Y202t MZEH 0|0 Wt Z52 ARz Alnmjs) 2BF 52 19E Al
REoR 2R £ QlCt

Table 2. Summary of risk matrix with uncertainty

1st Quadrant (+, +) 2" Quadrant (-, +) 3 Quadrant (-, -) 4% Quadrant (-, +)
Risk level High Middle Low Middle
O Collision @ Capsizing @ Capsizing O Collision
@ Death - Injury @ Death - Injury & Stranding
@ Etc. & Etc.
Accident type @ Fire - Explosion @ Fire - Explosion
© Sinking 4 Stranding
<& Engine failure
< Touching
O: 1 & 4 Quadrant ©: 2 Quadrant
Note @ 2 & 3 Quadrant < 3 Quadrant
@: 3 & 4 Quadrant
Hed - g3t oot 2SSt K|
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o 2AMRETH: 2AMRHE AtUBle = BEgfROF 20 ADNIS = Bt 22 s SUsF0 S8 S LEHDL R (Capsizing)
at *.:!%(Smkmg)o 2AZHO| S5t £ fE2 L2 EFS Eolth B=2| 2 Alnnfslel 95% l2|T2H0] Cxol dA %t 4
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4.2 Analysis on the cause of accident
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AQl(Top cause)nt 22742 MFRQ(Sub Cause)2 2 O|FO0IX RACH CHRA Q2 2214 (Operational Fault), FE=2 X Z&(Fault in

handle & defect), 7|EHOthers)2 LIFOIX|0 2 CHRICI2 Ofgf 74| MEReIeZ (o] QUL M 2| £3l= ML
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Table 3. Classification for cause of accident

Top cause Cause No. Sub cause Ratio (%)
1 Unsuitable preparation for sailing 0.5
2 Insufficient water survey 0.0
3 Poor selection 0.1
4 Inattention of confirmation of position 33
5 Improper shipbuilding 1.6
6 Poor watching 53.8
7 Poor action on bad weather 1.6
Operational fault
8 Unsuitable anchoring 0.6
9 Not comply with the sailing rules 9.2
10 Inattention on a director of service 13
11 Failure in duty 18
12 Others 04
13 Incomplete work safety rules 87
Sub total 829
14 Fault in handle engine 44
Fault in handle & defect
15 Fault in electricity and fire equipment 09

http://jesk.or.kr
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Table 3. Classification for cause of accident (Continued)

Top cause Cause No. Sub cause Ratio (%)

Eault in handle & defect 16 Fault in hull and engine 5.0
Sub total 10.3

17 Poor cargo loading 05

18 Improper ship operating management 29

19 Poor work and environmental condition 0.1

Others 20 Inadequate navigational aids 0.0
21 Irresistible force 20

22 Others 13

Sub total 6.8

Total 100.0

Source: Korea Maritime Safety Tribunal (http://kmst.go. kr)

4.2.1. Main cause by accident type

MiGEd 9 SEHE O = A AtnLdol RS AtLYN HIEE J|Foz 245 AWE Table 401 H2[SIALCE 3
H ADSEHY Atngolol QIYmsl= HO|ESt 2| UK LYoo= oI ALDLMEIZ0f ofsf F2 AfDEY /018 EABIICE
HX =9 22 |2l 6 (Poor watching)dt 221 9 (Not comply with the sailing rules)?t HH|2| 77.83%S XiX|StH CHEFACZ O
Mo Fo| ot Qo) siZHEICH MEL2 Q5 (Improper shipbuilding)?t &2l 13 (Incomplete work safety rules)?t =2 @ 210|0 O]
Al YOI 2R 7|FE0A UM R0 sieetct X2 ADYQl 4 (Inattention of confirmation of position)Zt &2l 130 FL2 2910
o QIR0 7|Qlst AtnQI0CE MEnt SYZLUA D] =LA A2l 14 (Fault in handle engine)2 S-SX0[H ALn2Ql Y
ZR0M J|AH Agol £3t= Relolch MEo 2% AAs7t FRA0H AQ HREFHM X R oot AA0|CE 7)o
OlMe Faaolel 221 142t YQIM5E LIEFLED FH[Q| 99%E XHX[SID Ol 7|2&d Atle 7|AE Zgo R 7|5ty &
M3hS ofO|stet QIHAtAR @101 12 (Etc)0fl 23t H|FO0| 5405%=2 Het o[4S xiX|stn lon 2stataol 7|EFIQI0 ogo|a

Table 4. Main cause by accident type

Accident type Main cause Top classification
1t cause Ratio (%) 2" cause Ratio (%)

Collision Cause 6 59.00 Cause 9 18.83 Human error
Touching Cause 5 42.86 Cause 13 14.29 Human error
Stranding Cause 4 50.00 Cause 13 7.4 Human error
Capsizing Cause 14 36.36 Cause 5, cause 17 18.18 Mechanical defect
Fire - explosion Cause 14 21.74 Cause 16, cause 18 13.04 Mechanical defect
Sinking Cause 5 26.32 Cause 7, cause 18 15.79 Human error
Engine failure Cause 15 78.00 Cause 14 22.00 Mechanical defect
Death - injury Cause 12 54.05 Cause 14 13.51 Human error
Etc. Cause 15 24.32 Cause 12 17.57 Mechanical defect
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Table 5. Common cause of the accident

Total

Etc.
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2

a
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s
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cn

c12

Cc13
C14
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C1e

a7

Cc18
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Cc20
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22

Sinking, Eng=

Fire - explosion, Sin=

=Collision, Tou=Touching, Str=Stranding, Cap=Capsizing, Fire=

cause 1, Col

Engine failure, Dea

(C: cause, ex: C1

Death - injury)

5. Conclusion
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