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Standard Provisions Excellent
Practice

Maturity

Risk Control & 
Analysis Committee

ASRisk1.0/ASRisk2.0

Hazard Registration System
HRS 

MRS-Major Risk Scenarios
FMECA – Bottom Up
FTA-Root Cause
ETA - ConsequenceHazard Log (Excel)

Divisional Safety Management Committees

2024年2010

MTR Risk Management Journey
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Hazard Review 
Committee
(functional)

Risk Control & 
Analysis Committee

Corporate Safety 
Management Committee

Risk Matrix

1995

Station Local Hazard 
and Risks Dashboard

HZMTR OIMS：
Visual Management of 12 
MRS using BOWTIEs·

+ Human Factors 
Working Groups 

(functional)

Human Factors 
Mgt Committee



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.

Mar. 2021

南京地铁一号线一空车脱轨
An empty train derailed on Nanjing 
Metro Line 1

——因设备故障导致第一节车厢掉道
The first carriage fell off the track due to 
equipment malfunction.

Feb. 2023

美国俄亥俄州火车脱轨
Ohio train derailment caused 
hazardous material leakage

——因车轮轴承发热引发火灾
Train derailment caused by overheating of 
wheel bearings leading to fire.

Sept. 2024

新加坡东西线列车脱轨
Singapore East West Line train 
derailed

——因轴箱脱落导致轮对脱轨
Wheel derailment caused by axle box 
detachment resulting in >6 days’service 
disruption



Sub-theme: Risk Control and Management

Why Safety Management
 fails?

Safety 

Incidents

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

Unknown
Hazards

without specific control measures

Safety 

Incidents

Safety Barriers
• Control measures not robust 

• not implemented effectively
Known
Hazards

• Not all risks can be 
designed-out

• Technology Solutions 
too costly to justify for 
whole fleet / line 
implementation

• O&M procedures and 
controls not effectively 
implemented

Equipment Design/ 
Environment (E)

O&M Procedures 
(P)

Patrolmen UTV

Manual NDT

(Dye Penetrant / 

Manual UT)

TOV
Maunal 

Measurement

RCF - Headchecking
*When it reach to 2-3mm 

depth

RCF - Squat
*When it reach to 2-3mm 

depth

RCF - Shelling

Tache Ovale

Rail Foot Corrosion

Bolt Hole Crack
*Only when extended to 

visable surface

ATW - Lack of Fusion

ATW - Shrinkage 

Crack

ATW - Porosity

ATW - Horizontal 

Web Split

Top and Side Wear

Gauge Widening

Common Defect Type

Existing Inspection Methods
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• Human Factors 
(HOPE)

• Organisational/ 
communication barrier

• Staff competency 

Human(H)/
Organisation (O)



车站、区间
水淹倒灌

Train 

Derailm

ent3-1 Due to Wrong - side Failure or Software Error 
under ATP, the Turnout/Route is Incorrectly Set and 

the Turnout Moves under the Train

2-3 Equipment Loosening/Falling-Off

4-3 When manually operating, the turnout 
moves under the train

4-4 Signal Passed at Danger

1. A daily inspection mechanism shall be implemented for metro 
protection.2. Projects within the protection zone are classified into 
three grades (A, B, and C), and key construction processes of Grade A 
projects shall be subject to 24-hour on-site supervision.

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

1. Register the items carried when entering and exiting the terminal door.2. 
Research on the application of RFID (Radio Frequency Identification).

1. During the train operation, the driver must start the train based on the departure authority and strictly adhere to 
the speed limits.2. Authorization from the traffic controller must be obtained before implementing Safety Critical 
Operations (SCO).3. For dual-driver operations, one driver is responsible for driving while the other monitors and is 
ready to initiate emergency braking at any time

2-2  Axle/Axle Box/Axle Bearing 
Failure

New Vehicle Acceptance 
Inspection & Type Test check for 
design defects.

Conduct regular maintenance on bogie 
equipment

2-4 Vehicle Suspension Fault or 
Abnormal Condition 

1.On-board Vibration and Temperature 
Monitoring System

2.Track-side Acoustic Diagnosis System for 
Rolling Bearings (TADS)3. 

3.Track-side Thermal Imaging Detection System
4.360° Pantograph-Catenary, Undercarriage 

and Wheel-Rail Inspection

3-2 Failure to Timely and Correctly Apply TSR Due 
to Lack of Feedback Method, Loss of TSR After 
System Reset, or Other Reasons. 1. The safety integrity level of the ATP system is SIL4 (Safety 

Integrity Level 4).
2. Prior to the upgrade or switchover of relevant software, 
testing must be conducted in the manufacturer's laboratory.
3. Third - party safety certification must be obtained before 
the official software upgrade.

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

2-1 Uneven or insecure loading of 
engineering vehicles

Risk 

Type 3:

Signals

Risk 

Type 4: 

Human 

Factors

Risk 

Type 5: 

Environ

mental 

Factors

4-1 Objects Left on the Track

4-2 Speeding (speeding on curves without 
ATP

5-1 Foreign Object Intrusion：from above or 
beside the track, such as OHL or ECS 
equipment, or spalling concrete.

Design Barrier
Equipment 

Barrier
People 
Barrier

Causes

Monitor axle box abnormalities
1. Sound 2. Noise 3. Temperature

Design Barrier
People 
Barrier

Derailment of 
Multiple Cars and 
Collision with an 

adjacent-line Train1. The driver must check the 
door status on-site.

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

Derailment Prevention Track 
Ballast Bed Design

Track Derailment Containment 
upstand at plain track， viaduct 
and turnout

1. Driver Stops the train 
upon hearing of unusual 
Vibrations

2 Passenger activates the 
Emergency Alarm Device

1. Driver Stops the train 
upon hearing of unusual 
Vibrations

2 Passenger activates the 
Emergency Alarm Device

Decelerate and 
Stop after One-Car 

was derailed

Bogie Derailment 
Detection System 
(UTO) and 
Emergency 
Braking

Stop the Train after 
One-Car Derailment

Wayside 
Derailment 
Detector and 
Emergency 
Braking

2-8 Bogie Derailment或Wheelset 
Derailment

Bogie Derailment Detection 
System for Vehicles (UTO)

2-7 Underframe Equipment Loosening

2-6 Brake Failure/Insufficient Braking 
Force Caused by Overload (This Will Lead to 
Collision Rather Than Derailment)

2-5 Wheelset Failure (Including Flange 
Wear Out of Specification)

Monitor the sound of the under - vehicle equipment 
and the vibration - induced abnormal noise TS1, TS3. The operating party must load and 

unload goods in accordance with the 
standards for clearance

Conduct regular maintenance 
on bogie equipment

1. Regular maintenance on bogie 
equipment
2. Perform regular maintenance 
on braking system equipment

Crew 
members 
shall report 
promptly 
upon 
hearing or 
seeing any 
abnormaliti
es.

Risk 

Type 

2: 

Train 

and On 

- board 

Equip

ment

Ditto

Regular 
maintenance of
bogie equipment

1. Switchover test plan approved 
under engineering documents 
(EDOC).
2. Testing and other works as per 
EDOC plus emergency response
plan

1. After the completion of the work, the team leader shall inspect the 
work site.2. Before construction and after use, register the tools and 

equipment, and take photos to upload them to the ETMS system.

In the NRM (Non-Recognized Mode) of Line 5 trains, an 
authorization key must be obtained before driving at a 
speed of 40 km/h.

1. Implement the requirements for electric multiple unit (EMU) operation on the 
main line2. Execute the finger-point confirmation procedure3. Carry out the 
operation requirements for special trains

In the NRM (Non-Recognized Mode) of Line 5 
trains, an authorization key must be obtained 
before driving at a speed of 40 km/h.

Before authorizing a train to pass a red signal, the consent of the duty 
manager must be obtained

1. Under severe weather conditions, stations shall implement 
inspection frequencies of 2 hours, 1 hour, and 30 minutes in 
response to blue, yellow, orange, and red alerts respectively.2. The 
OCC (Operations Control Center) monitors the operation of station 
water pumps and arranges on-site checks to identify the cause for 
pumps with frequent starts.

5-2 Extreme weather: Strong winds, typhoons, 
earthquakes and other extreme weather 
conditions cause trains to derail

1. For suspended equipment in tunnels, 
chemical anchor bolt technology is used 
to enhance the strength of suspension 
parts.2. The I1. Protection Zone 
Information Management System and 
Metro Protection Monitoring Platform are 
adopted, utilizing video along the line 

and unreported human-
machine inspection 
technology.

1. Civil engineering maintenance includes a 
special inspection of segment cracks in interval 
tunnels once every six months.2. Count the 
number of segment cracks and spalls every 
month, and knock off concrete blocks that are 
at risk of falling.

1. Both Line 1 and Line 5 stations are underground stations.2. All civil 
engineering works are designed to meet the 100-year strength 
standard.3. For the above-ground installation renovation project of civil 
air defense doors, when waterlogging and backflow occur, the civil air 
defense doors at entrances and exits can be closed within 3 minutes to 
prevent water inundation.

Consequences

Serious Injuries 
and Severe 
Damage

Minor casualties

Fatalities

Train Derailment BOWTIE MRS-DER/A1  2024.11.25

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

Sub-theme: Risk Control and Management`

Fault Tree Analysis (FTA) Event Tree Analysis (ETA)

CAUSE (5 Types) CONSEQUENCESSafety Barriers

RISK FORESIGHT = HINDSIGHT+ INSIGHT



Train Collisions

Escalator Roll-back 

/ Major Incidents

Bowtie
Risk

Models

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

➢ 12+ Major Safety Risk Scenarios

➢ Long Service Delay Failure Scenarios

7

Risk Knowledge Management Platform 
drive and unite learning and sharing across Business Units and Corporations

➢ Integrated with Chinese Mainland Transport Bureau 

Dual Risk and Hazard Management and Prevention 

Framework (双重风险分级管控及隐患治理预防机制 2025）

Train braking at

 tunnel sections

Railway 

Protection

BJMTRHZMTR MTR(SZ)

Flooding Bowtie Analysis
3

Cross Business 
Unit Bowtie



车站、区间
水淹倒灌

Train 
Derailment

脱轨

1-1 Broken rail
Periodic Flaw Detection (Rail, Weld)

I1. Track Integrated Trolley 

Periodic Track Inspection

Periodic Rail Wear 
Measurement

1-6 Rail wear out-of-limit

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

Periodic Rail 
Grinding

1-2 Abnormal wheel/rail friction

1-4 Detached track component

1-5 Gauge spread

1-7 Switches & Crossings I1. 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

1-3 Cyclic top
No Feedback Received

Design Barrier Human Barrier
Design 
Barrier

Equipment 

Barrier

Human
Barrier

Derailment of 
Multiple Cars and 
Collision with an 
Adjacent - Line 

Train1.The driver must check the door status 
on-site.

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

Derailment Prevention Track 
Ballast Bed Design
（HKTS/SZ viaduct)
( Derailment Containment 
upstand at plain track，
viaduct and turnout)

1.Driver Stops the Train 
upon Hearing Unusual 
Vibrations
2. Passenger Activates the 
Emergency Alarm Device

Serious Injuries 
and Severe 
Damages

Train decelerated 
and Stopped after 

One-Car 
Derailment

Minor casualties

Bogie Derailment 
Detection System 
(UTO) and Emergency 
Braking

1 Driver Stops the Train 
upon Hearing Unusual 
Vibrations

2 Passenger Activates the 
Emergency Alarm Device

Train stopped 
after One-Car 

Derailment

Fatalities

1-8  Track alignment
Rail Creep Monitoring Points 
Installation on Elevated Lines

I1. Electric Train Bogie Monitoring System、
DTGMS
I2.T2 On-board Track Geometric Dimension 
Monitoring SystemI3. Track Integrated Trolley 

Wayside Derailment 
Inductor and 
Emergency Braking 
(HKTS TML Elevated 
Section

1-9-1 Track buckle due to extreme 
weather Conduct Preventive Maintenance in Advance 

in Accordance with the Severe Weather Work 
Guidelines

Weather and Meteorological Warning System

1-9-2 Track buckle due to improper 
track installation procedure 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 
section

I1. Intelligent Track Monitoring SystemI2. 
Track Inspection Robot (HZ)
I3. Track Trolley (BJ)I4. Integrated Track 
Trolley

1-10 Track twist / Track curvature / 
Under superelevation

The geometric dimensions of the 
main line and yard line tracks 
shall be inspected dynamically 
and statically every month.

I1. Intelligent Track Monitoring System (ORIS, 
Bogie AI Image Analysis)I2. Track Inspection 
Robot (HZ)I3. Track Trolley (T2 On-board Track 
Geometric Dimension Monitoring SystemI5. 
Integrated Track Trolley

1-11-1 Track and trackbed settlement 
due to tunnel settlement

1-11-2 Track and trackbed settlement 
due to trackbed void

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

1. The entire line shall be inspected once 
every 48 hours2. Conduct tunnel 3D laser 
scanning monitoring annually, check the 
horizontal diameter difference, and rectify if 
exceeding the standard (≥80mm)3. Monitor 
to ensure the data of the tunnel remains 
stable after rectification1-11-4 Track and trackbed settlement 

due to underneath water pipe burst

1-12 Rail failure at transition 
between rail types, rail expansion 
joints or floating slab track

1. Conduct 3D laser scanning monitoring 
of tunnels annually, check the horizontal 
diameter difference, and rectify if it 
exceeds the standard (≥80mm)2. Monitor 
to ensure the data of the tunnel remains 
stable after rectification

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

1. Conduct 3D laser scanning monitoring 
of tunnels annually, check the horizontal 
diameter difference, and rectify if it 
exceeds the standard (≥80mm)2. Monitor 
to ensure the data of the tunnel remains 
stable after rectification

Develop 
Operational 
and Reporting 
Procedures for 
Train Drivers 
on Unusual 
Track 
Conditions to 
Effectively 
Handle 
Accidents

I1. Long-term Detection of Tunnel 3D Laser 
Scanning Monitoring T2 On-board Track 
Geometric Dimension Monitoring SystemI3. 
Integrated Track TrolleyI4. Integrated Track 
Trolley

I1. T2 On - board Track Geometry Dimension 

Monitoring SystemI2. Integrated Track TrolleyI3. 
Inspection of Floating Slab Track BedI4. Long - term 
Detection of Tunnel 3D Laser Scanning Monitoring 
Technology

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

No Feedback Received

Track 
Circuit

I1. T1 On-board Vibration and 
Temperature Monitoring System

1-14 Derailment Containment -Track 
and Ballast Track Bed Design 1. Derailment Prevention 

Track Maintenance

I1. Integrated 
Track Trolley

Train Derailment 脱轨 BOWTIE MRS-DER/A1  2024.11.25
Causes

R
isk Type 1: Track 

轨
道 and W

ayside Equipm
ent

I1. Electric Train Bogie Monitoring System (Photo 
Recognition)
I2. rack Inspection RobotI3. Track Integrated 
Trolley 

T2 On-board Track Geometric Dimension Monitoring System。I3. For the effective 
curve radius, the "flash welding" engineering vehicle is used to perform welding with 
the 400-meter conventional technology.。
I4. Track Comprehensive Trolley 

Periodic Track Inspection

Consequence
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Trackwork Management
Excellent Practice
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Excellent Practice
优秀做法

Maturity

成熟度

Patrolling identifying   
defects

人工巡查故障

Track Geometry (TOV)  
measurement & 

NDT (UTV)
计划性轨道测量和探伤

Track Inspection Robot
(HK 2022, HZ 2022 trial)

轨道检测机械人

Track Gauge & vibration 
monitoring / heat maps
轨道尺寸/振动监测/热力图

Instrumented Revenue Vehicle 
载客列车安装设备（HK 2021+, HZ 2024)

Onboard Rail Inspection 
System & AI fault 

categorization 在线监测系
统& AI故障归类

Exceedance Management
超标管理

Track Intelligent Inspection 
Trolley 能综合检测车具备钢轨探

伤以及钢轨病害 (BJ 2021)

Good Practice
良好做法

Standard 
一般做法

Integrated Track Inspection Vehicle
with Ultrasound, AI Track Surface Defect, Rail & Gauge 

Measurement etc.（HZ 2025)



Benchmarking of Trackwork I&T Control Measures

New I&T HK Line1 HK Line2 CM Line 1 CM Line 2 CM Line 3 CM Line 4 CM Line 5 CM Line 6 CM Line 7 CM Line 8

-EMU 
Dynamic 
Track 
Geometry

DTGMS DTGMS

Trainborne 
Track 

Geometry 
Measuremet 

System

Same as 
Line 1 Nil Nil Nil Yes Nil Nil

-Integrated
Track Inspection
Vehicle

Yes Yes Yes
2025

Yes
2025 Yes Yes Yes Yes Nil Nil

-Integrated 
Ultrasonic
Track Vehicle

Yes Yes Nil Nil Nil Nil Nil Nil Nil Nil

-Train 
Borne track
Inspection 
System

Train 
borne rail 

surface 
inspection 

(AI)

Nil Nil

Track 
Inspection 

System
no AI)

Nil Nil Nil Nil Nil Nil

-Track 
inspection robot Yes Nil Nil Nil Nil Nil Nil Nil Nil Nil

-Floating 
Slab trackform 
 monitoring

Nil Nil Trial 2025 Trial 2025 Nil Nil Nil Nil Nil Nil



HK Line1 HK Line2 CM Line 1 CM Line 2 CM Line 3 CM Line 4 CM Line 5 CM Line 6 CM Line 7
CM Line 8 

(FAO)

 Train borne Track 
Vibration Monitoring SPIRT 

(vibration) 
two trains

SPIRTǍ
(vibration)
two trains

Yes (testing) Yes (temp 
and vibration) Nil Nil Nil Yes YesǍ

5

Yes
ǉ Yes Ǌ

 Trackside Acoustics 
Detection System (TADS) Nil Nil Yes

(Trackside)

Yes
(Trackside 

2025+)
Nil Nil Nil Nil Nil Nil

Trackside Train 
Underframe Equipment 
Temperature Monitoring

Nil Nil Yes Yes Nil Nil Nil Nil Nil Nil

-360 Pantograph/ OHL, 
wheel/rail and train body 
& underframe inspection

Nil Nil Nil Yes Nil Nil Nil Yes Nil Nil

 Train RFID
Temp. Monitoring Yes

Yes

(all trains)
Yes Nil Nil Nil Nil Nil Nil Nil

 Derailment Detection 
ǉFAOǊ Nil Nil Nil Nil Nil Nil Nil Yes Nil

Obstacle Detection
(ODDS) SIL Yes Nil Nil Nil Nil Nil Nil Nil Yes

-Train Wheel 
Dimension (TWDS) Nil Nil Yes Yes Nil Yes Nil Yes Nil Nil

Benchmarking of Train Related I&T Control Measures



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

• Based on sound, vibration and temperature 

detection technologies and Data-driven AI 

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

bearing degradation

时间 Time

退
化
指
标

D
e
g

re
d

a
tio

n
 In

d
e
x

劣化起点
Starting point of deterioration

TS2 轨旁式温度成像
检测系统

TS2-Trackside temperature 
imaging detection system

外观检测
Vehicle exterior inspection

T1 车载式振动/冲击/温
度检测系统

T1-Vehicle mounted vibration and 

temperature detection system

预警时间段
Pre-warning time

专项轴承数据分析
Special Bearing Data Analysis

故障初期
Initial stage of malfunction

故障中期
Mid term malfunction

故障后期
Late stage of malfunction

冲击分析
impact analysis

T2 车载式轨道几何
尺寸检测系统

T2-Vehicle mounted track 
geometry dimension 

detection system

全线轨道数据分析
Track data detection

TS3 车辆360°检测
系统

TS3-Vehicle 360 ° Detection 
System

振动分析
vibration analysis

声音、温度分析
Sound and temperature analysis

TS1 轨旁式轴承声学
诊测系统

TS1-Acoustic diagnostic system for 
trackside bearings

Systematically Systematically Systematically Systematically 

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

$ Comprehensive data enables optimisation of maintenance 

strategy resulting in cost optimisation for wheel/rail interface 
related maintenance tasks.

Effectively avoid 

major catastrophic 

failure due to hot or 

damaged axle-

bearing etc. 

T2 车载式轨道几

何尺寸检测系统

T2-Vehicle mounted 
track geometry 

dimension detection 
system

T1 车载式振动/

冲击/温度检测系

统
T1-Vehicle mounted 

vibration and 
temperature detection 

system

TS1 轨旁式轴承声学诊测系统
TS1-Acoustic diagnostic system for trackside 

bearings

TS2 轨旁式温度成像检测系统
TS2-Trackside temperature imaging 

detection system

TS3 车辆360°检测系统

TS3-Vehicle 360 ° Detection System

车载主机

前置处理器
复合传感器



Patrolmen UTV

Manual NDT

(Dye Penetrant / 

Manual UT)

TOV
Maunal 

Measurement

RCF - Headchecking
*When it reach to 2-3mm 

depth

RCF - Squat
*When it reach to 2-3mm 

depth

RCF - Shelling

Tache Ovale

Rail Foot Corrosion

Bolt Hole Crack
*Only when extended to 

visable surface

ATW - Lack of Fusion

ATW - Shrinkage 

Crack

ATW - Porosity

ATW - Horizontal 

Web Split

Top and Side Wear

Gauge Widening

Common Defect Type

Existing Inspection Methods
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1

Finding Unknown Hazards
and Holes in Existing Safety Barriers 

Patrolmen UTV

Manual NDT

(Dye Penetrant / 

Manual UT)

TOV
Maunal 

Measurement
DTGMS ORIS

Eddy Current 

System
Inspection Robot

Manganesse Xing - 

Nose dip /crack

*Only at main route rail 

top surface

*Only at main route rail 

top surface

Manganesse Xing - Tri-

Metal Weld Crack

*Only at main route rail 

top surface

*Only at main route rail 

top surface

Manganesse Xing - 

Cast Body Crack

Fabricated Xing - 

Broken Bolt

Fabricated Xing - Bolt 

Hole Crack

*Only when extended to 

visable surface

*Only at Wheel Contacted 

Area 

*Only at main route rail 

top surface

*Only at Wheel Contacted 

Area 

*Only at main route rail 

top surface

Stock/Switch Rail 

vertical Mismatch

Switch Rail Damage

Cracked/Broken 

Stretcher Bar

Existing Inspection Methods Coming New Technology

Common Defect Type

C
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g
s

S
w
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 &
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to
ck

Patrolman is currently the 
ONLY means to identify this defect 

during maintenance



Operations

Risk Register Tables

Consolidation of 

risk data into 

different attributes of 

Bowtie Models

• Depicts the relationship of threats, consequences, and 

the controls that manage them

• 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 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

Consolidating 2D Risk Tables to nthD Bowties

Risk Registers (X000 records) 2025 Chinese Mainland Ministry of 
Transport New Risk Identification and 
Control Check List ш 7 Fields, 420 Risk 
Points, over 1279 control measures

BOWTIE Models

+
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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

Location Line Up/Dn Line Station
Detailed

Location



Holistic Management of Major Railway Risks
• The BOWTIE method has proven to be instrumental in holistic risk 

management:

• 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 

design, operational context and external environment

• Drive Safety Critical Controls – embed in process MTR DNA Safety Critical 

Maintenance Item (SCI), Safety Critical Operations (SCO) and precursors monitoring 



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 
their effective implementation by responsible risk owners
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Maturity

成熟度

Patrolling identifying   
defects

Track Geometry (TOV)  
measurement & 

NDT (UTV)

Track Inspection Robot
(HK 2022, HZ 2022 trial)

Track Gauge & vibration 
monitoring / heat maps

/ /

Instrumented Revenue Vehicle 
HK 2021+, HZ 2024)

Onboard Rail Inspection 
System & AI fault 

categorization 
& AI

Exceedance Management

Track Intelligent Inspection 
Trolley 

(BJ 2021)

Good PracticeStandard 

Integrated Track Inspection Robot 
with Ultrasound, AI Track Surface Defect, Rail & Gauge 

Measurement etc. HZ 2024 Trial)



Make Unknowns and 
Risk Solutions Visible to 

you and others 

ŧBowtie Risk DiagramŨ
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