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My IRSC Journey
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Train Derailment Repeatedly Happened...

High-consequence train derailment incidents happened repeatedly world-wide, safety of
train, track and wheel-rail interface is a top risk challenge for all railway operators.
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An empty train derailed on Nanjing
Metro Line 1
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Ohio train derailment caused
hazardous material leakage

Singapore East West Line train
derailed

= the axle box dropf
causing the wheels of a bogne

j! to come off the running rail and |
‘ hit track equipment.
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The first carriage fell off the track due to Train derallment caused by overheating of Wheel derailment caused by axIe, box
equipment malfunction. wheel bearings leading to fire. jetachment resulting in >6 days’ service
Isruption
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Why Safety Management & S o F® s Safety Barriers
& S
Ko © @V «  Control measures not robust

P (v
fails? o <

* not implemented effectively

Known
Hazards Safety
- Incidents
Safety Maj(]l’ Injunesunknown without specific control measures =
Mingr InjuriesF1@Zards e P
Equipment Design/ Human(H)/
Near Misses Environment (E) Organisation (O)
- Not all risks can be * Human Factors
designed-out (HOPE)
azards . Technology Solutions * Organisational/
too costly to justify for communication barrier
Anomalies whole fleet/ line - Staff competency

Implementation

Unknown hazards

(interfaces, common mode
failures, extreme events etc.)

Plain Rail and Rail Joints
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BOWTIE a total risk management solution

- Bowtie is a simple-yet-structured risk diagram

 manage and visualize the underlying causes and
multiple consequence scenarios of highly complicated
railway major risk scenarios effectively

« drive regular risk reviews and enable build-up of robust
control measures
« All Causes and Consequences of a risk scenario can be
modelled and analysed in a BOWTIE risk diagram

« Categorise and connect relevant types of causes and
controls systematically (~ Operational Level FTA +
ETA)

* Visualise existing controls and potential oversights

« Prompt use of engineering solutions as sustainable
defense

« Enable multiple-layer deep-dive Root Cause Analysis

RISK FORESIGHT = HINDSIGHT+ INSIGHT

CAUSE (5 Types)

Safety Barriers

Train Derailment BOWTIE vRs-DER/A1 2024.11.25

Causes

Risk
Type

2:

Train
and On J
- board
Equip
ment

Risk
Type 3:
Signals

Risk
Type 4:
Human 1
Factors

Risk

Type 5:
Environ ]
mental

—

Barrier

CONSEQUENCES

2-1 Uneven or insecure loading of
lengineer ing vehicles

Load limit door to test
(whether the loaded goods
encroach the KE clearance.

ew venicle Acceptance
Inspection & Type Test check for

People
Barrier
-
[desion defect:

2-2 Axle/Axle Box/Ax|e Bearing
2-3 Equipment Loosening/Fal ling-0ff

[Monitor the sound of the under - vehicle equipment
and the vibration - induced abnormal noise TS1, TS3.

Monitor axle box iti IC pnductre bogie I
1. Sound 2. Njjise 3. Temperature

[Conduct regular maintenance

2-4 Vehicle Suspsnsion Fault or

6 Brake ralTure U ent Braking
Force Caused by Overload (This Will Lead to

D and Wheel-Rail Inspection
2-7 Underframe Equipment Loosening I Ditto I

on bogi

| —

1.0n-board Vibration and Temperature
Monitoring System Reg_u lar ¢
2. Track-side Acoustic Diagnosis System for mal_ntenapce °
Rolling Bearings (TADS)3. bogie equipment :l:

3. Track-side Thermal Imaging Detection System Crew

4.360° Pantograph-Catenary, Undercarriage members
shall report
promptly

upon
hearing or
sceing any
abnormaliti
es.

1. Regular maintenance on bogie|

2. Perform regular maintenance
on braking system equipment

2-8 Bogie Derai ImenttWheelset
Derailment
ol
= =

=T Due to =sido Failure or Software Error ‘
under ATP, the Turnout/Route is Incorrectly Set and

Y Ap|

Bogie Derailment Detection
System for Vehicles (UTO)

Design Barrier

People
Barrier

|

The operating party must load and
unload goods in accordance with the
standards for clearance

. The driver must check the
door status on-site.

. If the door is open, the
driver must perform the
manual isolation and
closing procedure.

I

4.

a d Go y TR
ito Lack of Feedback Method, Loss of TSR After

1. The safety integrity level of the ATP system is SIL4 (Safety Jj1. Switchover test plan approved
Integrity Level 4). lunder engineering documents

3-3 The train exceeds the speed |imit due to
hardware failures and software errors under ATP

-

2. Prior to the upgrade or switchover of relevant software, (EDOC).

testing must be conducted in the manufacturer's laboratory. f§2. Testing and other works as per
3. Third - party safety certification must be obtained before JEDOC plus emergency response
the official software upgrade. plan

-1 Objects Left on the Track

1. After the completion of the work, the team leadier
ksite.2 : g ;

and turnout

Derailment Prevention Track
Ballast Bed Design

Track Derailment Containment
upstand at plain track, viaduct

1. Driver Stops the train
upon hearing of unusual
Vibrations

2 Passenger activates the
Emergency Alarm Device

-

I

Derailment of
Multiple Cars and
Collision with an

adjacent-line Train

Serious Injuries
and Severe
Damage

Decelerate and
Stop after One-Car
was derailed

l
fail inspect the

Il. Register theitems carried when entering and exiting the terminal door2.
|| ion of RFID (Radio Freq use, regis

-2 Speeding (speeding on curves without
-3 When manual ly operating, the turnout
oves under the train

equipment, and take photos. lauioadthunmlheE

1. Implement
[main line2. Execute the inger-point confirmaf
loperation requirements for special trains

t T >
Iauthorizaﬁun key must be obtained before driving at a I

tia

The NRM (Non - Recognized M

1. During the train operation, the driver must start the train based on the d
don from

fMS system. Bogie Derailment
unit (EMU)operation on the] Detection System
fion procedure3. Carry out the (UTO) il
Emergency

the speed limits i must be obtainef

© e o
trains, an authorization key mustbe obtained
AL UG i L [Operations (SCO).3. For dual-driver operations, one driver i

parture authority and strictly adhere to

ready to initiate cmergency bralingatany time

(Wayside
Derailment
Detector and
Emergency
Braking

Before authorizing a train to passa red sig

i—4 Signal Passed at Danger I
L T

jchemical anchor bolt technlogy is used

For ded tunnels, manager must be obtained

itical .
,s Braking
Jal, the consent Dh.hedutyl

for metro

= A A ion: to enhance thestrength of suspension
1.Fora|gn Object Intrusion: from above or o et s M I
eside the track, such as OHL or ECS ystem and T ——— "
. . i arefl |- civil 1. A daily shall
e, lizine vi special inspection of segment cracks in interval| tecti i ithi
adadpm' iticine pides Slone th el hree grades (A, B, and C), and key consf

into

an
imachine inspection K off

-2 Extreme weather: Strong winds, typhoons, i ltechnolocy. at risk of falling. .

s

human- tunnels once every six months.2. Countthe
number of segment cracks and spalls every projects shall be subject to 24-hour on-sA

buction processes of Grade A
ke supervision.

month, and k thatare,

tonditions cause trains to derail
stan

Factors

parthquakes and other extreme weather 1. Both Line 1 and Line 5 stations are underground stations.2. All civil
engineeringworks are designed to meet the 100-year strength

1. Under i i
inspection hours, 1 hour, and
llow, orange, and red i The

dard.3. For

project of civl

air when ocau
defense doors at entrances and exits can be closed within 3 minutes to | Rvater
Iprevent water inundation. [pumps with frequent starts.

n thecivilair | loce (Operati

Control Center) of station

Fault Tree Analysis (FTA)

1. Driver Stops the train
upon hearing of unusual
Vibrations

2 Passenger activates the
Emergency Alarm Device

Event Tree Analysis (ETA)

Sub-theme: Risk Control and Management
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Risk Knowledge Management Platform
drive and unite learning and sharing across Business Units and Corporations

Bowtie Applications in HZMTR+BJMTR+SZMTR+...

> Integrated with Chinese Mainland Transport Bureau
> 12+ Major Safety Risk Scenarios

Dual Risk and Hazard Management and Prevention

Framework (WEXE D REIENRIZEQIBFRHLE] 2025

> Long Service Delay Failure Scenarios

BB $AEE{RHPBOWTIE MRS-COL-RP/A2
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Unit Bowtie
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Train Derailment li%l BOWTIE MRs-DER/AT 2024.11.25
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1-1 Broken rail

Causes

T2 On-board Track Geometric Dimension Monitoring System. 3. For the effective
T'ay curve radius, the "flash welding” engineering vehicle is used to perform welding with
the 400-meter conventional technology.»

{J 14. Track Comprehensive Trolley

eriodic Flaw Detection (Rail, Weld)

A Y-
DO il OF]

I1. T1 On-board Vibration and
Temperature Monitoring System

Periodic Rail Wear
Measurement

Grinding

Periodic Rai

1-3 Cyclic top

—4 Detached track component

1-5 Gauge spread

11. Electric Train Bogie Monitoring System (Photo
Recognition)
12. rack Inspection RobotI3. Track Integrated

No Feedback Received

Regularly clean the wheel flange side to
prevent debris accumulation and ensure
smooth train operation

DTGMS
12.T2 On-board Track Geometric Dimension

Periodic Track Inspection

1-6 Rail wear out—of—Ilimit

III . Track Integrated Trolley I

11. Switch Machine Gap Detection System (HZ)I2. Signal Switch Closure
Monitoring System (Ningbo, Shanghai)

I3. : Signal Switch Vibration Monitoring System (HKTS)I4. Integrated Track
Trolley

IPeriodic Track Inspection

Rail Creep Monitoring Points
Installation on Elevated Lines

1-9-1 Track buckle due to extreme

= |

No Feedback Received

weather

IWeather and Meteorological Warning System

Guidelines

Conduct Preventive Maintenance in Advance
I in Accordance with the Severe Weather Work

1-9-2 Track buckle due to improper

track installation procedure

I1. Intelligent Track Monitoring SystemI2.
Track Inspection Robot (HZ)

13. Track Trolley (BJ)I4. Integrated Track
Trolle

section

After the installation and clearance, if conditions permit,
the track trolley can be pushed and pulled back and
forth more than 3 times in the shock-absorbing splint

11. Intelligent Track Monitoring System (ORIS,
Bogie Al Image Analysis)I2. Track Inspection
Robot (HZ)I3. Track Trolley (T2 On-board Track
[Geometric Dimension Monitoring SystemlI5S.
Integrated Track Trolley

main line and yard line tracks
shall be inspected dynamically
and statically every month.

The geometric dimensions of the

Develop
Operational

and Reporting
Procedures for

Train Drivers
on Unusual
Track

1-11-3 Track and trackbed settlement
due to external construction works

1-11-4 Track and trackbed settlement
due to underneath water pipe burst

1-12 Rail failure at transition

I1. Long-term Detection of Tunnel 3D Laser
Scanning Monitoring T2 On-board Track
Geometric Dimension Monitoring SystemI3.
Integrated Track Trolleyl4. Integrated Track
Trolley

1. The entire line shall be inspected once
every 48 hours2. Conduct tunnel 3D laser
scanning monitoring annually, check the

to ensure the data of the tunnel remains
stable after rectification

horizontal diameter difference, and rectify if
exceeding the standard (>80mm)3. Monitor

Conditions to
Effectively
Handle
Accidents

|

between rail types, rail expansion
joints or floating slab track

11. T2 On - board Track Geometry Dimension
Monitoring SystemlI2. Integrated Track TrolleyI3.
Inspection of Floating Slab Track BedI4. Long - term
Detection of Tunnel 3D Laser Scanning Monitoring
Technology

diameter difference, and rectify if it

to ensure the data of the tunnel remains

1. Conduct 3D laser scanning monitoring
of tunnels annually, check the horizontal

exceeds the standard (=80mm)2. Monitor

on-site.

perform the

1.The driver must check the door status

2.If the door is open, the driver must

manual isolation and

closing procedure.

Train
Derailment

.

+

%1

Derailment Prevention Track

Ballast Bed Design
(HKTS/SZ viaduct)

( Derailment Containment

1.Driver Stops the Train
upon Hearing Unusual
Vibrations

2. Passenger Activates the
Emergency Alarm Device

upstand at plain track,
viaduct and turnout)

Derailment of
Multiple Cars and
Collision with an

Adjacent - Line
Train

Serious Injuries
and Severe
Damages

Train decelerated
and Stopped after
One-Car
Derailment

Train stopped

Wayside Derailment
Inductor and
Emergency Braking
(HKTS TML Elevated
Section

Bogie Derailment
Detection System
(UTO) and Emergency
Braking

1 Driver Stops the Train
upon Hearing Unusual
Vibrations

2 Passenger Activates the
Emergency Alarm Device

after One-Car
Derailment

S

—=

SRS CT.

stable after rectiﬁ(lion

1-13 KE infringement due to misaligned
trackside objects, or slope failures

1.TIDS(HKTS)/RadarSystem
2.FAOTrain(ObstacleDetectionSysteminthefirstbogie)
3. Obstacle Monitoring System (TCT/ZH)I4. Long-
term Detection of Tunnel 3D Laser Scanning
Monitoring Technology

of tunnels annually, check the horizontal
diameter difference, and rectify if it

to ensure the data of the tunnel remains

1-14 Derai lment Containment —Track

1. Conduct 3D laser scanning monitoring

exceeds the standard (=80mm)2. Monitor

and Ballast Track Bed Design

I1. Integrated
Track Trolley

stable after rectiﬁ:iion

1. Derailment Prevention
Track Maintenance
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TraCkWO I'k Management Exceedance Management Instrumented Revenue Vehicle Glﬂbal ﬂperatinns Standards Lnst itute

. Bk HEHFLRIKE ( HK2021+, HZ 2024 TV
Excellent Practice EmEE e ' ) SHEEIERT 5

e e —— o — Track Gauge & vibration
Patrolling identifying — = . monitoring / heat maps
defects = | : ]38 R~ ey /RO E
AT esHike —— e r -
. _— = .
Onboard Rail Inspection o =

+

System & Al fault

=
_ .--ll'A‘I'JAUM"J"IW'IM-MM‘JI‘J‘l ;
categorization TE £ | % — W—

Track Inspection Robot

RN R (BJ 2021) Measurement etc. ( HZ 2025_)\

LI B RE AR SRR

(HK 2022, HZ 2022 trial) 75 & Al IS YT 0 TR
> B A # ; - . -————— 3
= | B ; | i -
LLl -Iﬁl- Track Geometry (TOV) I I EI I | : 4 G
o N measurement & - = &R a - ik o) 1)
NDT (UTV i i
8 2 \_l_ﬁulrimsé(:mug)ﬁﬁﬁ Track Intelligent Inspection Integrated Track Inspection Vehicle
CCJ g v BINE x Trolley ﬁg%é*ﬁﬂ“Eg%ﬁﬂEhg‘k with Ultrasound, Al Track Surface Defect, Rail & Gauge
()
2
whd
o
=
LL

Maturity
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Benchmarking of Trackwork I&T Control Measures

New I&T HK Line1 | HK Line2| CM Line 1 |CM Line 2|CM Line 3|CM Line4 CMLine5/CMLine6/ CMLine7| CMLine38

-

-EMU
Dynamic DTGMS
Track
Geometry

-Integrated
Track Inspection Yes
Vehicle

-Integrated
Ultrasonic Yes
Track Vehicle

-Train JEll .

borne rail
Borne track
. surface
Inspection ! .
Svsterm inspection
y (Al)

-Track Yes
inspection robot

-Floating
Slab trackform Nil
monitoring

DTGMS

Yes

Yes

Nil

Nil

Nil

Trainborne
Track
Geometry

Measuremet

System

Yes
2025

Nil

Nil

Nil

Trial 2025

Same as
Line 1

Yes
2025

Nil

Track
Inspection
System

no Al)

Nil

Trial 2025

Nil

Yes

Nil

Nil

Nil

Nil

Nil

Yes

Nil

Nil

Nil

Nil

Hosted by:

Nil

Yes

Nil

Nil

Nil

Nil

Yes

Yes

Nil

Nil

Nil

Nil

Giobal ﬂperatinns Standards Institute

HEBTRE
EMSD

FHBEBIRETRY

Nil Nil
Nil Nil
Nil Nil
Nil Nil
Nil Nil
Nil Nil

OOMTR O EER



Benchmarking of Train Related I&T Control Measures Giobal Operations Standards nstitute

FHBERETEY

- HK Line1 | HKLine2 | CMLine1 | CMLine2 |CMLine3 CMLine4 CMLine5 | CMLine6 | CMLine7 CI\(,IF’IZ:S? 8

Train borne Track

o - SPIRT SPIRTA . Yes
V'brat'oh_MO”'tor'”g (vibration) (vibration) Yes (testing) an\;ejigfarzgn) Nil Nil Nil Yes Yes? i Yes NJ
*“ - two trains two trains -
Trackside Acoustics Yes e
: DESEEEE | Nil . (Trackside Nil Nil Nil Nil Nil Nil
Detection System (TADS) (Trackside) 2025+)

Trackside Train
Underframe Equipment l Nil Nil Yes Yes Nil Nil Nil Nil Nil Nil
Temperature Monitoring 5’

i

-360 Pantograph/ OHL,
wheel/rail and train bog-- Nil Nil Nil Yes Nil Nil Nil Yes Nil Nil
& underframe inspectiq
Train RFID -' Yes . . . . . . .
Temp. Monitoring : Yes (all trains) Yes Nil Nil Nil Nil Nil Nil Nil
Derailment Deteé . . . . . . . .
li FAONJ Nil Nil Nil Nil Nil Nil Nil Yes Nil
SIBIEIEL PO SIL Yes Nil Nil Nil Nil Nil Nil Nil Yes e

(ODDS)

-Train Wheel

Dimension (TWDS) Nil Yes Yes Nil Yes Nil Yes Nil Nil ﬁ

TR




Derailment Prevention Solution — Collaboration with Suppliers
“9 Integrated Real-time Trackside & Trainborne Safety Assurance System”

5 Intelligent Safety Systems detect abnormal conditions holistically at the early stages of
bearing degradation

maticall

T2 EEmEnm QRS i
R&ZRR TS3 Z4360°8

BR

TS1 ShEXMAEESE | TS2 S REmE

T2-Vehicle mounted track
geometry dimension
detection system

A

SRR HERR

TS1-Acoustic diagnostic system for TS2-Trackside temperature
trackside bearings imaging detection system

TS3-Vehicle 360 ° Detection

SEHBEEIEDT ! u T1 Eﬁﬂiﬁﬁ]é)*ﬁ/iﬂ
Track data detection \ hm}# §j W Eﬁﬂﬂ“?&ﬁ
l¢'$§3 *ﬁ b}&tﬁbﬁj HI:I: Sound and temperature analysis T1-Vehicle mounted vibration and
impact analysis T ySISI ';' |‘Xﬂl¢ﬁi}ﬂ'ﬂ temperature detection system

Xapu] uonepaibag i m¢ &< @

\ \ Vehicle exterior inspection

SR EIRED T

Special Bearing Data Analysis

pRd T

Starting point of deterioration HE"‘H-_I Time

A 4

« Based on sound, vibration and temperature
detection technologies and Data-driven Al

damaged axle-
bearing etc.

E&E Enable effective and collective monitoring of critical
underframe equipment conditions for the “entire train fleet”

thereby enabling early detection of equipment anomalies
before failure

A - TRERER E | | |
O o B | Effectively avoid TS mEnmEESsNEG | T2 ASARmGRNRA TS3 ZH3C0MMES:
] | 1 1 -Acoustic diagnostic system for trackside TS2-Trackside temperature imagin . o .
HBET‘JJHH : ESZBEEF,HH 'ﬁilllﬁ):ﬁﬁ | major Catastroph IC elag HEe gbea:mg)st ¢ ¢ g detecttionpsysttem ging TS3-Vehicle 360 ° Detection System
Initial stage of malfunction : Mid term malfunction |Late stage of njalfu ction fallure d ue to hot or BT o 7 = T | = | _..

T1 ZEEURE/

™ s o AL IR AR
AR ek
i 1, SLIAIZTR ; 3
ARTERNERS o —— .
&% 2 ! = mie
T1-Vehicle mounted = - [—— TZ-VeIII(che mounted d
- » b {
Verationand - B sk geometry um@ﬁm
temperature detection : system

system

$ Comprehensive data enables optimisation of maintenance

strategy resulting in cost optimisation for wheel/rail interface
related maintenance tasks.
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Finding Unknown Hazards
and Holes in Existing Safety Barriers

Existing Inspection Methods

Existing Inspection Methods Coming New Technology

Manual NDT

Manual NDT Maunal Maunal Eddy Current .
Common Defect Type Patrolmen uTVv (Dye Penetrant / Y Common Defect Type Patrolmen (Dye Penetrant / M A DTGMS Syst Inspection Robot
Manual UT) Manual UT) easuremen ystem

—_
— * .

q — When it reach to 2-3mm
RCF - Headchecking :.E‘_-:_-__ . i . . ) . ) ;
— Manganesse Xing - Only at main route rail ‘Only at main route rail

Nose dip /crack top surface top surface
~ - *When it reach to 2-3mm
- - o = o~ |
RCF - Squat . : depth
furpaat

*Only at main route rail
top surface

*Only at main route rail
top surface

Manganesse Xing - Tri-

RCF - Shelling Metal Weld Crack

Tache Ovale

Manganesse Xing -
Cast Body Crack

Crossings

Rail Foot Corrosion

*Oniy .0 _.wued to

Fabricated Xing -
visable surface

Broken Bolt

Bolt Hole Crack

ATW - Lack of Fusion l j e |
ATW - Shrinkage t
Crack

*Only at main route rail ~ *Only at Wheel Contacted *Only at main route rail
top surface Area top surface

Fabricated Xing - Bolt
Hole Crack

*Only when extended to |*Only at Wheel Contacted
visable surface

Plain Rail and Rail Joints

ATW - Porosity

Stock/Switch Rail
vertical Mismatch \

ATW - Horizontal E
ES
Web Split 8 -
-
E ()
— = e h Rail L
= Switch Rail D
Top and Side Wear oy _5 witch Rail Damage
-
Top wear V;')

Cracked/Broken
Stretcher Bar

l:- ¥
Gauge Widening |—:‘L—|

Patrolman is currently the

i ONLY means to identify this defect Hasfed s BMETRS A i3
i d L EMSD GMTR ur BELER

===

RS T. during maintenance




Consolidating 2D Risk Tables to n-D Bowties

Risk Register Tables

* Flat Risk Register - Individual risk items are organised and
registered discretely with lots of details

« Each risk item has a Lead Risk Owner to review the risk of
the individual items

Risk Registers (X000 records)  >025 Chinese Mainland Ministry of
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BOWTIE Models

» Depicts the relationship of threats, consequences, and

the controls that manage them

RECOVERY
MEASURES

Risk scenarios are contextualised with elements of the
current risk items mapped and embedded

Each scenario highlights different stakeholders’ roles
and responsibilities in managing the associated risks




Station Hazard Management Dashboard

(HZMTR OIMS)

« Oversight of high-risk maintenance and project works at

each station

« Alert staff on the location of each high-risk work

« Keep track of faulty equipment status and staff and

qualification of staff/contractors on duty
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Holistic Management of Major Railway Risks

« The BOWTIE method has proven to be instrumental in holistic risk
management:

g B EAREER (MRS)
. To review Major Risk Scenarios (MRS) -

Manage Complexities: A suitable tool for delineating highly complicated risk

scenario

« Build-up Knowledge : A useful knowledge management tool to capture and

assimilate all lessons learnt from internal and external incidents and near-misses

« Enable Top-Down and Bottom-Up Risk Alignment: Linkage to Departmental Risk

Registers to assure all Top Risk Scenarios are well covered and being managed

« Enable Cross Learning: Facilitates benchmarking with railway lines of different
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Conclusions

« BOWTIE risk diagram is a pivotal tool in Operations Safety
Risk Management

« enables systematic integration and management of Risks +
Control Measures

» enables effective review of risk controls and build-up of
safety knowledge/wisdom from incidents

 Internal and External Benchmarking of risk control measures
especially I&T solutions can inspire continuous improvement of
control measures to reduce risk to ALARP

« Linkage of Bowtie control measures with risk registers =
enables daily monitoring and review of control measures and = = R
their effective implementation by responsible risk owners E,% gl —=—senas H =

g
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Make Unknowns and
Risk Solutions Visible to

T hiBib you and others

“Bowtie Risk Diagram”
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