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OUTLINE

◼ TTSB investigation tools and systems 

◼ Causal Factors Analysis System (CFAS)

◼ Safety Factors Map (SFM)

◼ Case example
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Development of TTSB CFAS
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CFAS framework

⚫ CFAS was established by borrowing the 

ideas of ATSB’s (AU) Safety 

Investigation Information Management 

System (SIIMS) and adding localized 

material in 2015 for ASC’s aviation 

occurrence investigation. (Ref. 1, 2)

⚫ CFAS framework is an extension of 

HFACS by adding a Technical Events 

category to classify causes resulted from 

human errors and mechanical failures. 

(Ref. 3, 4)

⚫ CFAS was extended to marine, highway, 

railway modules for occurrence 

investigation after 2020.
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Functions of CFAS

⚫ Investigation progress control

⚫ Documents storage and retrieval

⚫ Investigation analysis (using SFM)

1. safety factors at operational and organizational levels are clearly present

2. analysis topics can be identified earlier, important safety issues will not missing

⚫ Investigators have consistent standards to conduct investigation

⚫ Workflow of CFAS
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SFM -- unique feature of CFAS

⚫ The bespoke TTSB SFM is a causal factors analysis tool adapted from ATSB’s 

causal and influence diagrams of SIIMS, HFACS, and borrowed the ideas of 

Rasmussen’s hierarchical ‘Accimap’, and Reason’s accident causation model. 

+ + +

⚫ The display of SFM shows logical relationships of consecutive sequential events 

and top down influences of causal factors at different levels.

⚫ The connections of classified affecting factors present in the SFM can assist 

investigators to capture the analysis topics of occurrence investigation.
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SFM coding form (Ref. 5, 6)

6



TRA’s Train No. 408 accident at Qingshui Tunnel on Apr. 2, 2021, investigation report published by TTSB (Ref. 7)

Findings related to probable causes

The construction site director drove a truck into the construction site during work downtime period. Due to improper operations and poor

battery power efficiency, the truck stalled at a turning slope and could not be restarted. Non-compliant pavement and surface conditions caused

the truck to slide down the access road after the construction site director failed to recover the truck. Lack of guardrails caused the truck to roll

over a side slope and fell onto the track. The construction site director did not carry TR communication radio to notify the drivers to stop the

train. After the train exiting Heren tunnel, driver’s vision was affected by light adaptation, track alignment and track-side retaining walls. When

the driver saw a foreign object on the track ahead, emergency brake was activated immediately. The train collided with the foreign object one

second later at a speed of 123 km/h and derailed.

Case example
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Step 1.

Collect factual info. and identify events and subjects; synchronize time axis to consolidate 

events and connect critical events IAW time sequence to determine sequence of events

Sync. time axis

Subject Event

Construction 

site director

Truck driver

Truck

Drove truck into 

the site during 

downtime period

Train

Truck stalled at 

a turning slope 

of the road

Truck driver 

could not restart

the truck

Truck slid 

down, rolled 

over the slope

Truck fell onto 

the track

Train collided 

with truck at 

123 km/h

All 8 cars 

derailed and 

stopped

Train derailed

Procedures to conduct SFM analysis

Sequence of events
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Procedures to conduct SFM analysis

Step 2. 

Bottom up approach to 

identify unsafe acts of 

operators/ technical events, 

preconditions for unsafe 

acts, unsafe supervision and 

organizational influences 

which caused those critical 

occurrence events.

Step 3. 

Combine the sequence of 

events and the identified 

factors at each level to form 

a safety factors map. 
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Organizational

Influences

Unsafe 

Supervision

Preconditions 

for Unsafe 

Acts

Unsafe Acts 

of Operators 

/ Technical 

Events

Occurrence 

Events

Construction 

company did 

not comply 

with 

specified 

time period 

to work

Construction 

company 

personnel entered 

work site during 

downtime period

Construction site 

director drove truck 

into the site during 

work downtime period

Truck stalled at a 

turning slope of 

the road and could 

not be restarted

Truck slid down the 

access road and 

rolled over a slope 

and fell onto track

The train collided 

with truck at a 

speed of 123 km/h 

and derailed

All 8 cars 

derailed and 

stopped after 

entering 130 m 

into the tunnel

Construction 

company 

had no site 

access 

control

Supervisory 

contractor had 

no on-site 

supervision 

and 

inspection 

personnel

Supervisory 

contractor did not 

establish management 

control to supervise 

the construction works

TRA did not fully 

formulate guidance 

for the management 

of track-side 

construction works

Construction 

company s 

work delay 

led to rush to 

work

TRA did 

not request 

daily  work 

notification

Construction 

company 

had 

insufficient 

workers

Construction site 

director knew 

before departure 

truck s battery was 

poorly charged and 

no action taken

Construction site 

director failed to 

operate the 

truck's clutch and 

throttle properly

Construction 

workers 

lacked 

appropriate 

training and 

safety 

awareness

TRA contract 

reviewers did 

not have 

ability to 

review safety 

related 

matters

Construction 

company did 

not place 

guard rails 

along access 

road next to 

track

Construction 

workers did 

not carry radio 

and emergency 

contact 

information

Speed limit 

for tilting 

trains at the 

accident 

site was 

130 km/h

TRA did not provide 

appropriate trainings 

for project contractors 

and construction 

personnel

TRA did not fully 

formulate safety 

guidelines for track-

side construction site 

in the contract

Construction 

company did 

not lay 

asphalt 

concrete on 

the access 

road

TRA did not establish 

a risk Control and 

prevention mechanism 

in the track-side 

construction area

No slow 

speed signal 

at the 

construction 

site

TRA did not 

provide 

emergency 

notification 

guidelines 

for track side 

construction

Accident 

site lacked 

effective 

foreign 

object 

detection 

device

Construction 

site director 

did not have 

license to 

operate 

excavator

Downward 

slope at the 

turn of 

access road 

exceeded 

20 degrees

Construction 

access road 

next to the 

track was 

covered with 

gravel soil

Construction 

site director 

illegally 

used 

excavator to 

move truck

Train driver did 

not know foreign 

object on the track 

and emergency 

braking could not 

stop the train

SFM of TRA’s Train No. 408 accident
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⚫ SFM (CFAS) can assist investigators to classify factors and summarize topics for 

investigation analysis. Findings and conclusions are drawn based on the results of 

analysis. CFAS is applied from the beginning of occurrence investigation.

When to apply the CFAS?
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