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TTSB investigation tools and systems
Causal Factors Analysis System (CFAS)
Safety Factors Map (SFM)

Case example
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TTSB Investigation tools and systems

SMS Fatigue analysis Causal factors Safety recommendation Voluntary safety
investigation tool tool analysis system tracking system reporting system
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ASC established TTSB established
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Development of TTSB CFAS ‘
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Organizational influence
(what could have been in place to minimize

® CFAS was established by borrowing the
ideas of ATSB’s (AU) Safety
Investigation Information Management
System (SI1IMS) and adding localized

problems with the risk controls?)
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Risk Controls

(what could have been in place to reduce the
likelihood or severity of problems at the operational

material in 2015 for ASC’s aviation level?) _
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occurrence investigation. (Ref. 1, 2) . 3
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® CFAS framework is an extension of LLUL RN oL 2
influenced individual actions/technical problems?) 3

HFACS by adding a Technical Events

category to classify causes resulted from g = —
. . b 2 Indwndual{\t_:tuons Technical Failure
human errors and mechanical failures. % = How? (whatindividual | Mechanisms
g % Actions ln(_:reased (how did the equipment
(Ref 3’ 4) s safety risk?) fail?)
Hik
® CFAS was extended to marine, highway, i
railway modules for occurrence What
investigation after 2020.

CFAS framework
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Functions of CFAS
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Collect
factual data

® Workflow of CFAS

Identify critical
events and
their sequence

_>

Identify human
errors and
technical events

T

Event
nofification

® Investigation progress control

® Documents storage and retrieval

® Investigation analysis (using SFM)

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

Insufficient 10
missed datz

Identify in -
depth causal
factors

Determine
causal factors

Insufficient
missed datg

no

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

® Investigators have consistent standards to conduct investigation



SFM -- unique feature of CFAS yoro—
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® 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.
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® 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)

Organizational R esource Organizational Organizational
Influences hanagement Climate Process
Unsafs Inadequate Planned Failed to Supervisory
Supervision S upervision Inapproprate Correct Problem Violations
B PEr Operations
P]?}Eiﬁﬂl Adverse
B Envirenment Physiological States
Preconditions for Adverze Mental | | Cew Rezource Perzonal
Unsafe Acts States Management Readiness
Technological Phyzical/ Mental
Environment Limitations

Lﬂﬂfﬂ;:; ° || Decision || SkiflBased || Percepmal || Routine || Exceptional || Technical
Technical Events Errors Errors Errors Violations Violations Eveniz
D-;:E-:?.rrsn-:s Event 1 Event 2 | EventN Occurrence
vz
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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. !
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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

Subject

Procedures to conduct SFM analysis

Event

Drove truck into
the site during
downtime period

Construction
site director

\ 4

A 4

Truck driver
could not restart

Truck driver

the truck

Truck stalled at Truck slid Truck fell onto

Truck a turning slope » down, rolled ¥ the track >
of the road over the slope

Train Train collided Train derailed All 8 cars

> »| with truck at > »| derailed and
123 km/h stopped
Sync. time axis
Construction site Truck stalled at Truck slid down The train All 8 cars
director drove a a turning slope the access road collided with derailed and
Seq uence Of events truck into the site #{ of the road and and rolled over » truck at a speed » stopped after

during work could not be a slope and fell of 123 kmv/h entering 130m 8
downtime period restarted onto track and derailed into the tunnel




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.

Organizational
Influences

Unsafe
Supervision

Preconditions
for Unsafe Acts

Unsafe Acts of
Operators/
Technical Events

Occurrence
Events

Supervisory
contractordid not
establish management
control to supervise
the construction works

v

r
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Cons t:mc‘rinlzm . Supervisory
company did || Construction || .ontractorhad
not comply company no on-site
with had no site supervision
specified access and
time period control inspection
to work personnel
> el
Construction site
v director knew
Construction before departure
company truck’s battery was
personnel entered poorly charged and
work site during .
no action taken

downtime period

i

Construction site
director failed to
operate the
truck's clutch and
throttle properly

Construction site
director drove truck
into the site during

work downtime period

X

Truck stalled ata
turning slope of
the road and could
not be restarted 9
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SFM of TRA’s Train No. 408 accident

Supervisory
contractor did not
establish management
control to supervise
the construction works

, v

TRA did not fully
formulate guidance
for the management
of track-side
construction works

—

TRA did not provide
appropriate trainings
for project contractors
and construction
personnel

—

Organizational
Influences

Construction Supervisory Construction ([ TRA contract
company did || Construction | contractor had TRA did Construction || workers reviewers did
Unsafe not comply company no on-site not request || COMPaNYy lacked not have
Supervision with had no site supervision dail c\]/vork had appropriate || ability to
P specified || access and caly Work |linsufficient || training and | review safety
time period || control Inspection workers safety related
to work personnel awareness || matters
.. P Construction (?onst_ructlon
Preconditions company’s site director
for Unsafe work delay ﬂ:i 2:: th:V‘?
Acts led to rush to
operate
work
excavator
YVvY h 4
. ion si . Construction
Unsafe Acts Construction C_onstructlon site Construction site L
compan director knew director failed to site director
of Opera.tors P yl tered before departure i | illegally
/ Technical personnet enfere truck’s battery was operate the " used
work site during truck's clutch and
Events downtime period poorly charged and throttle prover| excavator to
p no action taken properly move truck
\ 4
Construction site Truck stalled at a
Occurrence director drove truck | turning slope of
Events into the site during ”| the road and could
work downtime period not be restarted




When to apply the CFAS?
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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.

yes yes
A 3
Collect Identify critical Identify human . o Tdentify in- .
factualdata | »| cvenfsamd =  errors and Insufficient depth causal Insufficient
their sequence technical events missed dat; factors missed datg
A
no
Event Determine
notification causal factors

CFA

v

Issue safety
recommendations
(to Agencies)

Findings of
Y» investi gation
(causal factors)

Occurrence "
investigation

h 4

Railway
QCCuUrrence

\J
Statistics Safety goals Develop Intervention
(occurrence types, 4—| (recovery and [ counter- |« approaches
counts, trends) prevention) m easures (by agencies) 11
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Thank You for Your
Attention



