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Abstract Risk assessment consists of hazard analysis, risk assessment, and safety measures establishment.
While calculating risk, an accident scenario is constructed by logically developing the accident's progress
from the existence of a hazard, the occurrence of dangerous events, and consequential damage. The
accident scenario provides a basis for quantitative risk assessment of risky events defined as scenarios.
This study is conducted to establish a procedure for estimating the probability and severity of a hazard
in an accident scenario using the ETA (Event Tree Analysis) of risk assessment. As the first step in the
present research, the current status of the research has been identified. Next, while developing hazard
that can overcome the limitations of the existing research, even if accident data are insufficient, it is
possible to derive the probability and severity using the FTA (Fault Tree Analysis), etc. A derailment
accident is presented as an example. As a result of the analysis based on the procedure, the severity
(number of casualties) of derailment accidents due to abnormal braking performance was found to be
six persons. A feasibility study was conducted and as a result, the validity of this research was verified.
It is judged that the procedure presented in this study can be applied to fields other than railways as

well.
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‘ System configuration and operating condition definition |

\ Hazard identification |
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\ Safety barrier and mitigation check |
!

‘ Risk assessment aitena definition |

[
¥

‘ Acddent scenario configuration |
i

\ Risk assessment for each hazard event |

!

Safety measures and mitigation establishment and
verification

]

‘ Risk analysis summary

Hazard analysis

Risk evaluation

Safety measure

Fig. 1. Risk assessment procedure
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Table 1. Description of accident scenario items

Category

Description

Hazard event

The event that may affect the severity of an accident, such as damage to life and property due to
a hazard.

Hazard

The incomplete condition or action that can cause an accident, such as human factors, technical
defects, external environmental conditions, etc.

Occurrence situation of hazard

Whether or not a hazard occurs (Y/N) and the occurrence of a hazardous event (speed interval, etc.).

Probability

The probability that the risk factor occur.

Severity ratio

The relative degree of hazardous event severity, in scale of 100 where 100 is the most serious case
in the event of an accident.

Severity

The presentation of the number of casualties to the extent of casualties, property damage, or time
loss that may occur due to an accident.

Occurrence ratio

The occurrence probability for each scenario.

Weighted severity

The severity (number of casualties) when the hazardous event occurs according to the considered
scenario.

Total occurrence ratio

The probability of the scenario occurrence, which is sum of all occurrence ratio.

Hazard event severity

The number of casualties in case of a hazardous event.

Maximum equivalent fatality

An indicator of the severity of casualties, which refers to the scale of casualties combined with the
number of fatalities, serious injuries, and minor injuries using appropriate conversion factors.
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Fig. 2. Items of accident scenario
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Fig. 3. Procedures for accident scenario
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Table 2. Hazard selection

Hazardous event Hazard

Automatic overspeed detection

Manual overspeed detection

Automatic braking action

Derailment due | Manual braking action

to abnormal - -
braking Train operation speed
performance Speed when derailment occurs

Speed on derailment

Derailment or rollover occurrence

Collision with adjacent structures
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Table 3. Classification of hazard event by rail accident

Classification of hazard event

Rail
accident Main category Subcategory
Arson
Illegal activities
Fire due to mistake (e.g.: smoking inside train car)
Fire in machinery fault Train fire due to overheating of machinery
Fire
Fire due to electrical equipment fault Train fire due to overheating of electrical equipment
Fire spread from fire occurs in train station
External fire spread
Fire spread from fire occurrence on the track
Collision due to abnormal braking performance |Collision due to braking and air supply system failure
Collision due to driver compartment signal device failure
Collision due to signaling device failure
Collision due to TCMS failure
Collision with an obstacle on the track
Collision with obstacles
Collision with external obstacles (e.g.: trees, buildings)
Collision due to signal violation
Collision
Collision due to driving error Collision due to overspeeding
Collision due to driver compartment device misplacement
Collision due to train stop and train protection Collision due to pantograph failure
from the approaching train Collision due to propulsion system failure
Collision due to train separation and train Collision due to parking brake system failure
sudden rolling Collision due to coupler failure
Derailment due to bogie system failure Derailment due to bogie system failure
Derailment due to abnormal brakin; ) . . .
8 Derailment due to braking and air supply system failure
performance
Derailment due to driver compartment signal device failure
Derailment due to signaling device failure
Derailment due to TCMS failure
Derail Derailment due to an obstacle on the track
erailment | Derailment due to obstacles
Derailment due to external obstacles (e.g.: trees, buildings)
Derailment due to signal violation
Derailment due to driving error Derailment due to overspeeding
Derailment due to driver compartment device misplacement
Derailment due to track defects Derailment due to track defects
Due to height difference between train and station platform
Passenger falling when getting on and off
Due to slippery flooring
Passenger trapped between the train door Trapped between the train door
Casualty ) ) Fall inside the train car
) Passenger falling off the train
accident

Fall on the gangway

Passenger trapped between train and platform

Trapped due to space between the PSD and the train platform

Electric shock

Electric shock to passenger

Electric shock to employee technician)
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Table 4. Probability determination basis of hazard

Hazard Probability determination basis

In case of overspeed compared to the reference speed due to a fault in the brake system, the cab signal
device automatically detects overspeed

= At this time, the probability of failing in automatic overspeed detection is 10-8 (SIL4 standard) as the
failure probability of the cab signal device, but conservatively, in the case of 0.01 %, it is assumed that
overspeed detection is impossible.

Automatic overspeed
detection

Driver manually detects overspeed in case of overspeed relative to reference speed due to faulty braking

system

* When automatic detection is successful: No need for manual detection

* When automatic detection fails: Although a driver is on board, the probability of manually detecting

abnormalities in braking performance is extremely rare, so we conservatively assume 0%

In case of automatic detection of overspeed compared to the reference speed, automatic braking is

performed by fastening emergency braking.

Automatic braking |® In case of automatic detection: If emergency braking is not possible, 28.1444 % of cases are caused by a
action faulty brake system, so conservatively, in 30 % of cases, it is assumed that emergency braking is

impossible, and with a 70 % probability, automatic Braking fastening possible

In case of automatic detection failure: automatic braking cannot be engaged

= In case of overspeed compared to the reference speed, the driver manually detects and performs brake

fastening.

Manual brake fastening is impossible because manual detection is impossible.

Manual overspeed
detection

Manual braking
action

Driving speed is classified according to the following ratio according to the driving speed profile.
Train operation -0< <25:9.10 %

speed 25¢ <60 : 45.04 %
- 60¢ <80 : 45.86 %

Speed when = If braking is successful, it is assumed that the vehicle derails at a speed of 25 km/h or less.

derailment occurs | = If all brakes are unsuccessful, it is calculated as derailing at the same speed while driving.
* The probability of each section of derailment speed is calculated by adding up the cases applicable
through the preceding events.

Speed on derailment

Whether or not to overturn after derailment when derailed at the corresponding derailment speed
depends on the results of the advisory meeting

Derailment Derailment Rollover
Derailment or speed probability probability
rollover occurrence 0 -25 km/h 100 % 0%
25 =60 km/h 81.25 % 18.75 %
60 -80 km/h 60 % 40 %

For the analysis target, it is assumed that there are adjacent structures in about 40.39 % of the section
excluding the ground section, and collision is possible only when there are adjacent structures.
= According to the results of the advisory meeting

Derailment Derailment/ Collision N Collision Y
speed rollover
Collision with Derailment 78.80 % 21.2 %
0 -25 km/h
adjacent structures 5 ken/ Rollover 59.61 % 40.39 %
25 -60 km/h Derailment ?9.61 % 40.39 %
Rollover 59.61 % 40.39 %
60 80 km/h Derailment ?961 % 40.39 %
Rollover 59.61 % 40.39 %
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Fig. 4. ETA results
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Table 5. Severity results by hazard event

Hazard event Severity

result
Derailment due to bogie system failure 16.5
Derailment due to abnormal braking performance 6.0
Derailment due to signaling device failure 2.2
Derailment due to obstacles 13.9
Derailment due to driving error 2.2
Total 40.8
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Table 6. Derailment accident cases

Casualty
Location | Year Passen EF| Speed Converted
gers | F| M| m value

SPain | 5006 | 420 | 43| 12| 35/44.4| 80km/h | 40.0
Valencia

South

Korea | 2012 | 474 | - 47|1545.5|37km/h 4.4
Busan

South

Korea | 2014 |1,000| - | 22|45 4.5|15km/h 1.7
Seoul

Russia 1014 | 426 | 24| 42|160 29 |70km/n| 258
Moscow
*F: Fatality

M: Major injuries
m: Minor injuries
EF:Equivalent Fatality
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