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Japanese High-Speed Ralil (Shinkansen) an overview
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Organizational and Regulatory factors’ importance > IRSC 205

o HSR, a complex socio-technical system (multiple components) (kewakami 2014, poi 2015, Hidema 2017)
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Systemic interactions govern safety

o Context of Shinkansen - Study of Organizational and !
* Rise in Automation 1 Rise in degree of (crawford 2015) - Regulatory factors affecting |
= Rise inuse of ICT Organizational Control i Shinkansen safety is important 1

Deregulation in the Railway Market . (Trend generalizable across world) !
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Objectives and study framework IRSC 2020

Research Objectives

1.) Identify challenges in the current safety management practices at the organizational and regulatory
levels in the Japanese HSR and 2.) Suggest ways on how these challenges could be mitigated
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Research Gaps

P
o

IRSC 2020

Shinkansen Safety related articles in Google Scholar
! Reference : Normalizer Value -7240 citations
(Goagle Scholar database for English, Searched on January 31,
08 2019)
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(Bugalia et al 2020)

Shinkansen kept running with human body parts in nose

Driver noticed an “bump”,
but did not reportthe issues
Station staff reported to
control room, only after the
train departed the station

JR Hokkaido may face criminal charge for
falsifications
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Inadequate current Risk-Management in Japanese HSR IRSC 2020

o Event-chain models used by JR are inadequate

[Event Flow | [4M why?) | [4Ewhar?) |

» Man # Education

M Machine N Engineering

M Media \ Environment

= SCM requires components to fail for events to occur {vansgemen | Enforeemen

= An assumption no-longer true for accidents VT [
4M4E model

(.IR Kyushu Field Trlp) (JR West 2017)
(JR East 2017)
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(Amagasaki Accident, 2004, Japan) - oz,
= SCM does not explicitly consider systemic factors 0‘?,\;“;@;‘;2“‘ }
= [Factors affecting many components simultaneously e ale s
= Change in one part affecting other parts e W
Active Failure —— \)“Sae Losses

= Systematic masking of organizational factors



System-Thinking based accident models an alternative
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Alternative theoretical accident models for complex systems (2 most popular models) (karanikas, 2019)
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Detailed analysis of the process safety in Japanese HSR through accident 8 IRSC 2020

Accident Background- JR West, December 2017 — “First Serious Accident” in Shinkansen history
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Accident Analysis
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STAMP Analysis “Bogey Crack accident” —Data (accident & other report, technical standards,

(Railway technical standard in Japan)
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(Yanase, 2010) SCS for JR West

pf EEEEEEEER

Approval process of Japanese Regulator

(Reliance on past-experiences)
Unsystematic & Vague Process (ota 2008)

4 Railway Business Operator

Establish
Implementation Standard

\_ Notify
/ District Transport Bureau

Examine Conformity with Ministerial Ordinance
Liaise and Coordinate with the jurisdictional district

|
| - Another operator has
CoordinaFe deta'ils' of theg proven conformity
explanation, opinions of g
district transport - Accept Implementation
\ - Standard

Liaise with District

transportation bureaus
1

Examine Conformity with Ministerial Ordinance
Coordinate among district transport bureaus
Revision of Approved Model Specifications

/

\ Engineering Planning Division, Railway

literature)



b

IRSC 2020

Accident Analysis 10

STAMP Analysis “Bogey Crack accident” —Data (accident & other report, technical standards, literature)

(Railway technical standard in Japan)
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Accident Analysis and Solutions " IRsc 205
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. 5 System-wide thorough Risk- | _ :
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! = Monitoring by Operator:|

» Systemic factor : “Critical Points” based on the past experience : Mentioned in accident report:

-All tests implemented only for critical points identified through previous failure cases (Operator and Regulator)

- The point in case was later identified to be critical, if slight variation in assumptions could have been considered
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Trade-offs in leading indicator operationalization
» Trade-offs can limit the indicator selection
and Its monitoring frequency

= Capacity constraints at the regulator

(Dokas et al., 2013)
_._._._._._._._._._“.J_".' ______________________________ . gg‘j
Awareness Act ’I g §
1 85
! 83 = Control vs Autonomy of the operator
R = Practical Monopoly of the operators

T T o wweey

(Bugalia et al., Under Review)

o Proposed two new suitability criterion to
identify suitable receiver of the warning
sign in a complex system

o The proposed criteria are grounded in '
theory and can help prevent accidents in | o
several types of complex systems oyt



Dynamic of near-miss reporting
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o Trends for any indicator must be understood considering the underlying interactions among
factors affecting it
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(Bugalia et al., Under Review)
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Overall context of the analysis of Japanese HSR IRSC 2020
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Japanese HSR
o Context of Shinkansen

= Rise in Automation Rise in degree of (crawford z019)
= Rise inuse of ICT Centralized Control



Generalized approaches may not work
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underlying interactions among
factors affecting it

Core-Technical System

Present and future
Japanese HSR

effectively capture
the system specific

IRSC 2020
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Research Key Findings Implications : MLIT's Safety :
I
STAMP » [Ineffective redundancy Current Approach : Management :
Analysis vulnerable to safety issues * Due to the expected trade-offs : Survey sta rted in :
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independent Risk-Assessment generalized indicators based on I :
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- I
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indicator monitoring I 2013 I
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= Control vs Autonomy : :
SD Model Trends for any indicator must be | Lo = N : The current :
understood considering the | Sap | Automai I approach could not :

I
) I
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I I
I I
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Suggested Risk-Management approach — First conduct a system-specific Risk-Assessment, then set-
up the level of monitoring, considering the underlying dynamics of factors affecting risks.
Can manage trade-offs and safety considering future complexities
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System-Thinking can be integrated Into existing practices 17 p
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Conclusions IRSC 2020

1. Use of event-chain models is not suitable for explaining accidents in complex systems such as HSR.
As opposed, the current study showcases the merit of using systematic risk-assessment methods to
analyze organizational and institutional factors.

2. Considering the trade-off in monitoring, and dynamic relationship affecting the trends of the
Indicator, the current study recommends that indicator monitoring level related decisions should be
made after the risk identification and should comprehensively consider the interdependence and
dynamics of the factors affecting the said indicator.
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