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Abstract : The Railway Safety Management System is based on risk management and the basic purpose of risk management is safety
management activities to prevent railway accidents and operational obstacles in advance. In order to manage risk, an acceptable risk
standard must be established. This risk criterion is used to evaluate the railway risk with both frequency and severity. In the case of
overseas railway or other industrial sectors, various factors are reflected in the main variables that constitute the occurrence frequency,
but this is no the case in the domestic railway sector. In particular, the current risk assessment criteria in the railway sector remain at a
level that exploits the incidents that have occurred in the past and the severity of the property damage and it dose not properly reflect
complex and diverse environmental and situational changes in railway operations. Therefore, in this study, it is possible to calculate the
potential occurrence of future events instead of occurrence frequency as a component of the risk assessment criteria, focusing on the
High-Speed Railway. In addition to the property damage to the consequence, we suggest a rational methodology, development
direction, and theoretical implications for constructing accurate and reasonable risk criteria including actual damage such as human

injury and time loss.
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Table 1. Terms related to acceptable risk level per industries

Field Terms
Aviation transport Target level of safety
Road transport Safety targets

Road transport of dangerous goods Risk criteria

Rail transport Risk acceptance criteria
Nuclear industry Dose limits
Onshore process industry Risk criteria
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Frequency description Improbable Remote Occasional Probable Frequent Common
Mid-point estimate frequency 1in 100 yrs [ 1 in20yrs | 1in4ys | 1in9 mths | 1 in2 mths |1 in 12 days
Approximate value events/year 0.01 0.05 0.25 1.25 6.25 31.25
Consequence description | Approx FWI/Event | Ranking 1 2 3 4 5 6
Multiple fatalities 25 7 0.25 1.25 6.25 31.25 156.25 781.25
6 to 25 eq. fatalities 8 9 10 11 12 13
Multiple fatalities 5 6 0.05 0.25 125 6.25 31.25 156.25
2 to 5 eq. fatalities 7 8 9 10 11 12
Multiple major/ | 5 0.01 0.05 0.25 1.25 6.25 31.25
single fatality 6 7 8 9 10 11
Maior iniu 0.2 4 0.002 0.01 0.05 0.25 1.25 6.25
yor inyuty (1:5) 5 6 7 8 9 10
More serious injury/ 0.04 3 0.0004 0.002 0.01 0.05 0.25 1.25
multiple minor injuries (1:25) 4 5 6 7 8 9
Reportable minor injury/ 0.008 ) 0.00008 0.0004 0.002 0.01 0.05 0.25
Class 1 Shock/trauma (1:125) 3 4 5 6 7 8
Non reportable minor injury/ 0.0016 | 0.000016 0.00008 0.0004 0.002 0.01 0.05
Class 2 shock trauma (1:625) 2 3 4 5 6 7
Fig. 1. Application example of Risk Matrix Criteria method™.
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Table 2. Definition of possible risk frequency

e Quantitative _ ..
Level | Description definition Qualitative definition
Frequently . This can happen frequently,
A F) X>1x10-1 Ongoing experience with objects
1x10-1 > x Once within the lifetime,
B Often(P) >1x10-2 Frequently in objects
C Sometimes | 1x10-2 > x | Occurs only once in its lifetime,
®R) >1x10-3 Multiple occurrences in object
D Rarely 1x10-3 > x Rareness of likelihood of
®R) >1x10-6 occurrence within lifetime
Little Almost no chance,
E ) X106 > x | Ooourence but possibility
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Unaccepble
(A1)
National profile
1in1,000
Prob. Of

fatality
peryear

Numberof
exposed
population

Fatalities
peryear

Group
Unacceptable{Passengers and MOP
Tolerable(Empioyees)

Infr.Workers  1in10,847 30,500 281

FTDrivers  1in18410 2516 014
PTDrivers  1in23670 12541 053
OtherStaff  1in23,170 15214 066

1in 10,

Tolerable

(Al - PT Crew 1in42,818 10,746 025

rgers  1in268,169 2,798,667  10.44

1in 1,000,000

Broadlyacceptable

Fig. 2. HSE Individual Risk Targets(England, 2011)"®.

Table 3. Various overseas standards of Individual Risk Criteria™

Ignorable
: - Not acceptable | .= . "
Field of industry Country individual risk 1Indr1i\;11§1ual
Airports England 10*Public) 10°
Road danger transport | England | 10%worken, 10%Puwlic| 107
Railway England | 10%worken, 10™@ublicy| 107
Nuclear power generation| England 10 worker), 10™Public) 10°
Marine oil gas drilling | England 107 (worker) -
England | 10%worken, 10%Publicy| 107
Netherlands 10" worker) -
Ocean transport - ~
Finland 10 (worker) -
Hongkong 107 (worker) -
105
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3.2.3 Societal Risk Criteria
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Table 4, Various overseas standards of Societal Risk Criteria™

indsry | O | Gividud rik | indvidal ris
Road danger England 0./N 10-4/N
transport Swiss 10-3/N2 10-5/N2
Australia - 0.1L0.5/N2
Czech 0.I/N 10-4/N
Road tunnel Denmark 0.4/N2 0.004/N2
Germany - 0.01L/N2
Italy 0.I/N 10-3/N
Netherlands - 0.1/N2
Netherlands 10-3/N2 -
Ocean transport|  Finland 10-2/N2 -
Hongkong 10-3/N 10-5/N

N : Number of deaths , L : Length of Tunnel(km)
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Table 5. Railway accident medical cost(2012)

Dbison [N To sl Ve o e i
Death 34 385,725 11,345 (1.00)
Serious injury 77 1,134,900 14,739 (1.30)
Light accident | 41 62,408 1,522 (0.13)
Total 152 1,583,033 10,415
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Table 6. Railway accident administrative cost(2012)
Composition Cost per
Human Injury | Number | Administrative PO incident
ratio
(thousand won)
Death 34 339,352 272 9,981 (1.00)
Serious injury | 77 262,573 21.1 3410 (0.34)
Current accident| 41 81,838 6.6 1,996 (0.20)
Total 152 683,763 54.9 15,387
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Table 7. Personal injuries cost of domestic railway sector(2012)

.. Production . Total .
Human injury — Medical cost e Ratio
Death 260,529 11,345 271,874 1.000
Serious injury |5 57 10,146 27,716 0.102
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Possibility Consequence
. L ® [oss of life
® Train operating time e Property loss
® Train operating distance . TimI: loss

Fig. 4. Railway risk management standard concept
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Table 8. Classification of possible incidents applicable to
aviation

Category Explanation
Very high | Per flight hour
(Frequent) 1~10*
High Per flight hour
(Occasional) 10410
Usually Per flight hour
(Remote) 10°~10°

Low Per flight hour
(Improbable) 10%~107

Occurs on a weekly basis
(occur frequently)

Occurs on a monthly basis
(light obstacle frequency)

Occurs on an yearly basis
(obstacle frequency)

Occurs on 10 years bsiss
(near miss frequency)

Very low Per flight hour [Occurs under one-time between 10-year
(Extremely 107 under and 100-year(accident frequency)
improbable) 4 e
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Table 9. Total train hours per year(Suseo High—Speed Railway)

Train 1612/ 171 2| 3| 4| 5| 6| 7| 8| 9| 10| 11|12 T%?’l
operting =
distance
(llc?t(l))o 1,031 | 1,390 1,255| 1,390| 1,344 1,388| 1,344| 1,388] 1,388 1,344| 1,388] 1,362| 403| 16,418

. | Average =
Section Distance(km) hours(hr) hr/km Average(hr/km) 2
Suseo- .

Busan 399.9 2hours 13min 0.0055

0.0057
Suseo- o
Mol 356.3 2hours 7min 0.0059

Yearly total train operating hours (Dx@) = 92,043 hr/year

o A FustrA AxeAL A7
WA =4aks) B Fig 59 2tk Fig 58 1

2
i
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Z517] 918, A WAFINE A7) o] whel ogt
AQF, 14, 374, 64, 149, 31, 59, 104, 100
9 ol e, AR SANIES 7 7] o 182
A% F o2 gk MR FUHALE, 15 14
upAlolw izt 527 WS elulah, $19) A4tale]
o} Qzk AR MANIES A7k dRew & AR
WReo@H, $M D4R Sdazel AT ‘ax
ARG AR WA 7Pe AP S AESTE o] 2L 1A
& AR AEA AEE DA A AT A
o T A wAEee Ao oz 7%
SE Bt 7o) W AR FEG 4A,
ahel4] W7} 71zoleka & 4 9lrKTable 10)

Table 10. Possibility standards for risk event(Suseo)

Cargoey | Gy | omummces PRy of acournc
per year

9 | Very High Tweek 52 0.0005516 1/1,813
8 - 1month 12 0.0001273 1/7,856
7 High 3months 4 0.0000424 | 1/23,567
6 - 6months 2 0.0000212 | 1/47,134
5 Usually lyear 1 0.0000106 | 1/94,268
4 - 3years 0.33 0.0000035 | 1/282,804
3 Low Syears 0.2 0.0000021 | 1/471,340
2 - 10years 0.1 0.0000011 | 1/942,681
1 | Very Low 13110;}::1‘5 0.01 0.0000001 | 1/9,426,807
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2] &= (Fatality Weighted Index. FWI)’ 2 3FAk5}o] ERH
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0% AFA 19, ZAR 20082 AR 1o 3
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l
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71Ee ALshe 71 AR EEFAHSH)EA, o=
A e )ES At RAEEAE)S vl
S AFYRE =71 3ol Zpo]7b WrKTable 11).
Table 11. Example of human injuries severity standards
. Airport railroad Busan
ey Kot seoul metro transportation
5 Fatal |more than 5-death |more than 3-death| ™' than
2-death
more than 1-death more than
4 | Serious |more than 3-death | and 10 seriously
1-death
wounded
more than 1 more than 1
3 | Capital |more than 1-death | seriously and 10 seriously
lightly wounded wounded
5 Light more than 1 more than 2 more than 1
seriously wounded | lightly wounded |lightly wounded
. more than 1 more than 1
I [Negligible | o1 wounded | lightly wounded -

Table 12, Human injuries severity standards

Category Human injuries W;agthag(iie;;?ges
8 Fatal more than 5-death 5
7 - more than 3-death 3
6 - more than 1-death 1
5 Serious  |more than 5 seriously wounded 0.5
4 Capital |more than 1 seriously wounded 0.1
3 - more than 10 lightly wounded 0.05
2 - more than 5 lightly wounded 0.01
1 Negligible | more than 1 lightly wounded 0.005
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AAraisfof thet HAE 7] o7l U =
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147]—,~ ek == GltK(Table 13).

Table 13. Example of property damage severity standards
(Seoul)

Category 5 4 3 2 1

More than | More than | More than
More than | 50 million | 10 million | 5 million |Under 5
Explanation | 100 million |won to 100| won to 50 | won to 10 | million
won million million million won

won won won

éxétg__,_ 2= 88351114} 5
A dEARL B QA RlE S AR aclos
AR PAEA B g, olmulg, HAHEE 52

7 = Aotk F A 88159 7|EA]
FR AT LA el HEAT Ry

ABsHe ARES Fstast g AL ug-e

ZF el o] HlE-S AT F oE AV A F
7R Fete] AEstedl, ol sl =T
TN B2 Y HERE] ouEd 2AF Al
g8ote 71eS Z8otE, dF vEE A4l ARR
Hgstal, ojmH] & PR HHAdE HESI
A=At 5 24513’ Table 149} 159 et

Table 14, Human injuries cost standards of the railway(2007)
(unit : 10,000won/number)

L. Production Medical | Administrative
Division Total
loss costs costs costs
Death 30,695 666 70 31,431
Serious injury 909 424 1,293 2,626
Light accident 95 9 253 357

Table 15. Comparison of railway incidents medical and
administrative cost yearly

Medical costs(1,000won) | Administrative costs(1,000won)

Division
2005 2010 2012 2005 2010 2012

Death 4,280 14,440 | 11,345 620 1,160 9,981

Serious | 5900 | 2060 | 14739 | 6970 | 2160 | 3410
injury
Light | 400 | 1950 | 152 | 1700 | 1.500 | 199
accident
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Eih= AT AlolE Hols o 4= Qi olof £ A+
= =W AR tEole E5kAL 1:10:22009] 7|
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Table 16. Human injuries standard cost for railway incidents
(2012)

(&2 M)
L Production | Medical | Administrative Corrected
Division Total
loss costs |  costs costs total
Death 307,093 | 11,345 1,233 319,671 | 319,671
Serious injury| 25,814 14,083 12,977 52,874 | 31,967
Light accident 189 1,327 3,144 4,660 1,598

2 f7olM FF E4staAt sk 201799] AR
Hlg-o y]Z2Awel 2012d %] e AnA}p B} 2|4
£ 283t 4k&ol 7hest, ool whef Table 173}
Z

2§39,

Table 17. Consumer price index

Year | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Growth | Base |y 50/ | 300 | 079 | 1o% | 1.9%
rate year
282} BV pE et 7F e HEARAL Q1F
o] APIAL-FAARAAIAL HE2 23t gom,
oldl AL S5 2F =EH 2017WEL AE T

2 oAte] Qyuls) ulg71Eo] A§3herk Table 18).

Table 18. Human injuries cost of railway incidents(" 12~ 17)
(unit : 1,000won)

Division | 2012 | 2013 | 2014 | 2015 | 2016 | 2017
Death | 319,671 | 323,827 | 328,036 | 330,333 | 333,636 | 339,975
Serious | 31 967 | 32383 | 32,804 | 33,033 | 33033 | 33.660
injury
Light 1y o8 | 1619 | 1640 | 1651 | 1651 | 1,682
acident

Table 19, Standards for possible severity of property damage
(Suseo)

Fatalities and | Property
Category Human Injuries weighted damage
injuries (1,000won)
8 Fatal more than 5-death 5 1,684,862
7 - more than 3-death 3 1,010,917
6 - more than 1-death 1 336,972
5 | Serious |™More than 5 seriously) 168,486
wounded
. more than 1 seriously
4 Capital wounded 0.1 33,697
3 B more than 10 lightly 0.05 16.849
wounded ’ >
more than 5 lightly
2 - wounded 0.01 3,370
.. more than 1 lightly
1 | Negligible wounded 0.005 1,685
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wel 201795 HEARL AT A8 E
= Aitasiis us] TEHAE 7|Eoe® o
S} 2ol TN 4 ek ol Ae] EAle 2
QLA Qg ug Wale] At 2 olnjsi,

= AAHE] g Qg sz gHito] 7k
ek 4= QIti(Table 19).

oh 2y A = Aol 285k Al
LEL AR VES AR, Eed] sigaxtol
et A|AAzEe 2Rk fHgste] Agskal 7] el
S 10 AREAE A aRshA] g #H e, o
2 sl stoll A AR A, ALt s HztEele] o
A= FASE AFlo|ci(Table 20).

Table 20. Example of time loss standards

5 4 3 2 1
Seoul metro (| more than | 30min. to | 20min. to | 10min. to | under
1h lh 30min. 20min. 10min.
Fatal Serious Capital Light | Negligible
Busan
transportation || more than | 30min. to | 10min. to | 3min. to | under
1h 1h 30min. 10min. 3min.

WA Syskaat s

A% olF 1dzh FATnSAEAN WA At
noh LAl At mE 167102 AAAA 23o|
17, TEHHAALT 27, TEAPALT 37 ol
o ol B £AE eI, W AR AATES
28.645(=315/11), Ha AR} thole 045T)(=5/11)
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Table 21, Delayed accidents and operational obstacles(Suseo, 1—year)

Damage status
Type Death S_er_ious Li_ght Train .delay Number o_f corrg;?;tion Facility return I;fg::g:
injury accident (min) delayed train (10,000won) (10,000won) (10,000won)
Delayed Train 16
Delayed train 15
Delayed train 53 517
Delayed train 15
Delayed train 24.5 3 615
Delayed train 12
Delayed train 37 458 100
Delayed train 13 454
Delayed train 27 366
Delayed train 72.5 2 313
Delayed train 1 30 396
Safety casualty(passenger) 1
Safety casualty(passenger) 1
Transportation casualty(passenger) 1
Transportation casualty(passenger) 1 335
Transportation casualty(passenger) 1

Table 22, Numbers of delayed trains per railway incidents (01~ 15)

Railway transportation accident Railway safety accident Operational obstacle
Company Train accident ) casualty accident Casualty accident ) .
- - Crossing Facil. | Risk event |Delayed oper.
Col. Derail. Fire Pass. Pub. W Pass. Pub. W
Air train 1 1 1 . . . . . 5.18
Shinbundang 31.17
Busan 16 14.5 16.06 10.22 18 . . . . 19.04
Daejeon 4.92 4 8.95
Gimhae 1
Gwangju 1 10
Incheon 1.13 1.14
H 1 293 227 4.2 . . . . . 2.32
Iri(i)l- G 4 12 1 1.45 1.89 1.65 1.57 1 1.25 2 9 3.8 1.84
M 36 55.5 2 3.56 4.02 1 1.69 . . . . 6.73
Seoul(1~4) 1 2 4.67 . . . . . 522
Ling-9 1
Seoul(5~8) 1 10 . 1.86
Uijeongbu 1.97
Yongin 491
Average 10 14.82 282 1.46 5.01 3.01 235 325 1.25 2 9.5 3.8 3.17
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Table 23, Standards of delayed trains numbers

Average of number of delayed trains
Railway type Total Within cumulative | Within cumulative
distribution 90% | distribution 95%
High-Speed(Korail) | 2.32 1.70 1.92
General railway 1.84 1.35 1.54
Metropolitan railway | 6.91 3.86 4.67

o] A=mE FolAw &3l 49%, HE=NFARAL 38%,
AEQHAANL 13% o= HA AeEd FARE 22
9 W8-S HoFEal QJTHTable 21).
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