ANNEX I: CAUSED BY... LEADS TO...
A method for identifying and classifying the underlying causes of
incidents, accidents and business losses
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Fig 3

THE CAUSES OF INCIDENTS
Tripod causation path

The resident pathogen model of incident causation, popularised as the ‘Swiss cheese’ and
‘Tripod’ models, teaches us that incidents are caused when ‘barriers’ fail.
To reduce risk within an organisation, barriers are established and maintained as part of a
management system, and these span strategic, tactical and operational areas. Barriers are
practical functions, as required by policies, standards and safety studies, and implemented
using procedures, equipment and maintenance activities. The barriers are put in place
and maintained by people with the competence to do so, in line with standards and
specifications. ‘Holes’ appear in the barriers when individuals fail to keep them functional
or in place, e.g. doing a critical task incorrectly or not doing a critical task at all. These
human failures can, in turn, be traced back to influential causes, i.e. the preconditions,
and the associated organisational weaknesses that created those preconditions. The
model sequences human failures in terms of ‘active failures’ (immediate causes),
preconditions and ‘latent failures’ (underlying causes).
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In the Tripod Beta methodology (see Tripod Beta: Guidance on using Tripod Beta in the
investigation and analysis of incidents, accidents and business losses for full details) this
is modeled as the trios (what happened), the failed barriers (how it happened) and the
causation path (why it happened).
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Immediate causes are the substandard acts of people that led directly to a barrier failing
and an incident occurring. Preconditions are the adverse influences that made the
substandard act more likely to happen. Underlying causes are those weaknesses hidden
and dormant within an organisation which created the preconditions.
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CAUSED BY... LEADS TO...
Caused by... Leads to... is a tool to help you determine and classify the preconditions and underlying
causes of failed, inadequate and missing barriers. It can be used to help direct an investigation and
analysis.
In a Tripod Beta analysis, once you have identified the barriers that failed the next step is to identify
the immediate cause - the human action or inaction that allowed that barrier to fail. Often this
is fairly straightforward to do. However, the next steps are much harder: to determine why that
person or group of people did what they did. This requires understanding the environmental,
situational and psychological factors (preconditions) that were likely influencing their behaviour, and
then determining what it was about the organisation that allowed those preconditions to persist.
However, this can be a duanting task if you do not have a good understanding of human and
organisational factors.
Caused by... Leads to... can help you to determine preconditions and underlying causes. It provides a
list of common preconditions and underlying causes, and illustrates how likely each underlying cause
is to contribute to each precondition. The likelihood is based on the experience of health, safety and
environmnet (HSE) professionals. Note that this document does not neccessarily list all preconditions
and underlying causes, but it is a good place to start and covers 11 common areas.
HOW TO USE

The company does not
specify equipment be
tested and certified for
use in low temperature
environments

DE Design
Good!

Good!

Insufficient design
provisions were made
for the operating
environment

3. Once you have evidence, select the underlying cause(s). Within your Tripod diagram you can
use the description from the table (e.g. 1.01 Insufficent design provisions were made for the
operating environment) as a starting point or if categorising for multi-incident analysis, but then
use your own description in order to give more context (1.01 The company does not specify
equipment be tested and certified for use in low temperature environments).
4. By categorising underlying causes and preconditions in a uniform way, it may be possible to
conduct a meta-analysis in order to determine if the same things are causing many incidents.
Each underlying cause is also categorised by basic risk factor (BRF), shown in the third column of
each table.
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Tools or equipment
were too difficult to
use

DE Design
OK as starting
point or multiincident
analysis only

1. Once you have identified the immediate cause, consider the possible preconditions (along
the top of each table). Select the precondition(s) that best fit the evidence. Within the Tripod
diagram, use the description from the table (e.g. 1.B Tools or equipment were too difficult
to use...) as a starting point or if categorising for multi-incident analysis, but then use your
own description in order to give more context (1.B The drill was difficult to use because of its
tendency to lock up in cold weather).
2. Consider the list of underlying causes (going down the table). This will give you ideas of where
to investigate. Where the precondition and an underlying cause intersect: green (yes) means
this underlying cause can cause the precondition and should be considered first; orange
(possible) means this underlying cause can possibly cause the precondition and should be
considered second; grey (uncommon) means the underlying cause does not commonly cause
the precondition and may not be worth considering.

The drill was difficult to
use because of its
tendency to lock up in
cold weather

OK as starting
point or multiincident
analysis only

Preconditions
(...leads to...)

Underlying
causes
(...caused by...)
1.01

1.02

1.03

1.04

Insufficient design provisions were
made for the operating external
environment (extreme temperatures,
humidity, particulates etc.)

DE

The design made insufficient use
of industry standards (standard
guidelines incorrect, out-of-date, HSE
criteria not present)

DE

Insufficient attention was paid to
specific ergonomic issues during
design (no ergonomic assessment,
unfamiliarity with the operational
environment)

DE

There was insufficient designer-user
communication during the design or
modification phase

CO

1.B

1.C

Tools or equipment
were too difficult
to use (use not
made clear,
incorrect actions too
difficult to remedy,
possible actions not
clearly indicated,
no 'designed in'
constraints to ensure
desired action was
carried out)

Tools or equipment did
not match human sizes
or physical capabilities
(strength, height, vision
and arm reach)

Yes

Possible

Yes

Yes

Yes

Yes

Yes

Yes

1. Facilities, equipment and tool design

Preconditions
(...leads to...)

1.A

1.B

1.C

1.D

1.E

1.F

1.G

Tools or equipment
worked or were
used differently
from expectations
(deviation from
earlier use, lack of
standardisation,
illogical or contrary
to common
sense, or other
than general use
normally dictated,
such as red = safe!)

Tools or
equipment
were too
difficult to use
(use not made
clear, incorrect
actions too
difficult to
remedy,
possible actions
not clearly
indicated, no
'designed in'
constraints to
ensure desired
action was
carried out)

Tools or
equipment did
not match human
sizes or physical
capabilities
(strength, height,
vision and arm
reach)

Tools or equipment
were not adapted
to the perceptual,
processing or
memory capacity
of employees
(too complex,
too obscure, too
bewildering)

Tools or equipment
provided
insufficient insight
into what process
was going on
or offered an
insufficient view
of the operation
(no meters,
obscure computermanaged process
control, blind
spots)

Tools or equipment
failed to provide
sufficient feedback of
status after alteration
of settings, issuing a
command or starting
an action or process
(e.g. 'valve is open'
display, indication of
operation in progress)

The working environment
was improperly equipped
(interaction between tools
or equipment, awkward
or cluttered lay-out,
dangerous situations)

Yes

Yes

Possible

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Underlying causes
(...caused by...)
1.01

1.02

1.03

1.04

1.05

Insufficient design
provisions were made for
the operating external
environment (extreme
temperatures, humidity,
particulates etc.)
The design made insufficient
use of industry standards
(standard guidelines
incorrect, out-of-date, HSE
criteria not present)
Insufficient attention was
paid to specific ergonomic
issues during design (no
ergonomic assessment,
unfamiliarity with the
operational environment)
There was insufficient
designer-user
communication during
the design or modification
phase
There were financial
restrictions or pressure of
time during the design or
modification (cost-related
exclusions or modifications,
acceptance testing shortcuts)

DE

DE

DE

CO

IG
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Preconditions
(...leads to...)

1.A

1.B

1.C

1.D

1.E

1.F

1.G

Tools or equipment
worked or were
used differently
from expectations
(deviation from
earlier use, lack of
standardisation,
illogical or contrary
to common
sense, or other
than general use
normally dictated,
such as red = safe!)

Tools or
equipment
were too
difficult to use
(use not made
clear, incorrect
actions too
difficult to
remedy,
possible actions
not clearly
indicated, no
'designed in'
constraints to
ensure desired
action was
carried out)

Tools or
equipment did
not match human
sizes or physical
capabilities
(strength, height,
vision and arm
reach)

Tools or equipment
were not adapted
to the perceptual,
processing or
memory capacity
of employees
(too complex,
too obscure, too
bewildering)

Tools or equipment
provided
insufficient insight
into what process
was going on
or offered an
insufficient view
of the operation
(no meters,
obscure computermanaged process
control, blind
spots)

Tools or equipment
failed to provide
sufficient feedback of
status after alteration
of settings, issuing a
command or starting
an action or process
(e.g. 'valve is open'
display, indication of
operation in progress)

The working environment
was improperly equipped
(interaction between tools
or equipment, awkward
or cluttered lay-out,
dangerous situations)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Underlying causes
(...caused by...)
1.06

1.07

1.08

There was insufficient
introduction of a new or
modified design (too little
information provided,
implementation badly
planned, insufficient
time allocated for
implementation)
There were insufficient
controls/criteria in the
design process (design
change controls, checks on
compliance with standards/
guidelines, quality controls)
Purchase of material was
insufficiently controlled
(different from previously
purchased material,
materials failing to meet
design specifications)

HW

DE

DE
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2. Facilities, equipment and tool condition, suitability and availability

Preconditions
(...leads to...)

Underlying causes
(...caused by...)
2.01

2.02

2.03

2.04

2.05

2.06

2.07

2.08

The supply system for tools or equipment
was ineffective (inventory, administration,
ordering, issuing)
Procedures for operating tools or
equipment were inadequate (resulting in
wrongful use)
Specifications and requirements that the
tools or equipment should meet were
insufficient (functionality, quality, brand,
material, size, and other details)
The control system for regularly
evaluating and updating the
specifications of the tools or equipment
was inadequate
The physical circumstances in which
the tools or equipment were used
were unsuitable (used outside the
specifications laid down in the design,
such as use of corroding material in the
tropics, the influence of cold, sea water)
Tools or equipment were not properly
stored or insufficiently cleaned (items
were lost, damaged or became very dirty)
Tools or equipment were wrongfully
used (by untrained, inexperienced or
unqualified personnel)
Maintenance of the tools or equipment
was inadequate (planning, execution,
registration)

2.A

2.B

2.C

2.D

Tools or equipment were
partially or wholly defective,
no longer in optimal
condition (too much rust,
too worn, no longer 100%
reliable)

Tool or equipment
maintenance
was makeshift or
'temporary' (substandard materials,
workmanship)

Tools or equipment were
insufficient or not available
(not purchased, not in
stock, already in use, too
late or wrongly supplied,
not in use because of
maintenance)

Tools or equipment were
not suitable or only partially
suitable for the objective in
mind (not fit for purpose, outof-date, inferior brand, poorer
quality, wrong specifications)

HW
Yes

Yes

Yes

Yes

Yes

Yes

Uncommon

Uncommon

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Yes

Yes

PR

DE

HW

HW

HW

TR

MM
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Preconditions
(...leads to...)

Underlying causes
(...caused by...)
2.09

2.1

2.11

2.12

2.13

2.14

There were financial constraints or
pressure of time during the purchase or
improvement of the tools or equipment
(inferior quality, items with too few
possibilities, inadequate number,
necessary modifications were not
performed)
The inspection system for the tools or
equipment was inadequate (frequency,
completeness, precision - items remained
too long in circulation)
Communications between inspection
and maintenance departments was
inadequate (information about defective
material was not notified or was
inadequately notified)
There were insufficient checks on the
tools or equipment being taken from the
workplace (theft)
The system for checking that the tools
or equipment, both on purchase as well
thereafter, met the specifications and
requirements stipulated was inadequate.
Insufficient follow-up action was made to
equipment inspection reports

2.A

2.B

2.C

2.D

Tools or equipment were
partially or wholly defective,
no longer in optimal
condition (too much rust,
too worn, no longer 100%
reliable)

Tool or equipment
maintenance
was makeshift or
'temporary' (substandard materials,
workmanship)

Tools or equipment were
insufficient or not available
(not purchased, not in
stock, already in use, too
late or wrongly supplied,
not in use because of
maintenance)

Tools or equipment were
not suitable or only partially
suitable for the objective in
mind (not fit for purpose, outof-date, inferior brand, poorer
quality, wrong specifications)

HW
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Possible

Yes

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

MM

MM

HW

HW

MM

Page 6

3. Procedures, instructions and working practices

Preconditions
(...leads to...)

3.A

3.B

3.C

3.D

3.E

3.F

Procedures were
not available
or insufficiently
available (did not
exist, could not be
found, difficult to
obtain)

Procedures
were defective
(incorrect,
out-of-date,
contradictory,
inefficient,
formal
procedures not
in agreement
with the
usual working
methods)

Procedures were
incomprehensible
(foreign language,
difficult because
of poor language
usage/phrasing,
illogical setup, complex
description)

Procedures offered
too little help in
the completion of
the task (too little
information, no
explicit warnings,
no trouble-shooting
section, no alternative
pathways in the event
of an 'imperfect
world')

There were too
many procedures
(loss of overview
difficulties in
selection of correct
procedure, vital
procedures 'snowed
under' by less
crucial procedures)

Procedures were
to wordy (thereby
discouraging use/
application by
operators)

Underlying causes
(...caused by...)
3.01

3.02

3.03

3.04

The storage and retrieval
system for procedures was
ineffective (no index or a
non-effective index, location
of the storage system too
distant from the workfloor,
authorisation required)
There was insufficient
discipline with regard to use
of procedures (procedures
were not updated, wrong
version used, became dirty or
were lost)
Procedures were drawn up
by people not suited to the
task (no specific operational
knowledge, no knowledge or
experience of how procedures
should be drafted)
There were constraints on
making improvements,
renewals or corrections to
procedures (budget was too
small, time was too short, too
few personnel)

PR
Yes

Uncommon

Uncommon

Uncommon

Uncommon

Uncommon

Yes

Yes

Uncommon

Uncommon

Uncommon

Uncommon

Uncommon

Yes

Yes

Yes

Yes

Yes

Uncommon

Yes

Yes

Possible

Uncommon

Yes

OR

PR

PR
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Preconditions
(...leads to...)

3.A

3.B

3.C

3.D

3.E

3.F

Procedures were
not available
or insufficiently
available (did not
exist, could not be
found, difficult to
obtain)

Procedures
were defective
(incorrect,
out-of-date,
contradictory,
inefficient,
formal
procedures not
in agreement
with the
usual working
methods)

Procedures were
incomprehensible
(foreign language,
difficult because
of poor language
usage/phrasing,
illogical setup, complex
description)

Procedures offered
too little help in
the completion of
the task (too little
information, no
explicit warnings,
no trouble-shooting
section, no alternative
pathways in the event
of an 'imperfect
world')

There were too
many procedures
(loss of overview
difficulties in
selection of correct
procedure, vital
procedures 'snowed
under' by less
crucial procedures)

Procedures were
to wordy (thereby
discouraging use/
application by
operators)

Underlying causes
(...caused by...)
3.05

3.06

3.07

3.08

There was insufficient
feedback about the use of
the procedures in practice
(about the correctness,
comprehensibility, usefulness,
effectiveness)
There was insufficient
opportunity to comment
and adapt the procedures
(valid remarks and criticisms
about the procedures are not
catered for in revisions)
The way in which the
organisation decides when
to produce a procedure was
incomplete/inadequate (the
lack of vital procedures)
The procedure was drafted
for non-operational reasons
(to cover liability, for
insurance purposes or to
meet the ISO 9000 minimum
requirements)

CO
Uncommon

Yes

Yes

Yes

Yes

Yes

Uncommon

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Uncommon

Uncommon

Possible

Uncommon

Uncommon

Yes

Possible

Yes

Yes

Yes

CO

PR

IG
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Preconditions
(...leads to...)

3.A

3.B

3.C

3.D

3.E

3.F

Procedures were
not available
or insufficiently
available (did not
exist, could not be
found, difficult to
obtain)

Procedures
were defective
(incorrect,
out-of-date,
contradictory,
inefficient,
formal
procedures not
in agreement
with the
usual working
methods)

Procedures were
incomprehensible
(foreign language,
difficult because
of poor language
usage/phrasing,
illogical setup, complex
description)

Procedures offered
too little help in
the completion of
the task (too little
information, no
explicit warnings,
no trouble-shooting
section, no alternative
pathways in the event
of an 'imperfect
world')

There were too
many procedures
(loss of overview
difficulties in
selection of correct
procedure, vital
procedures 'snowed
under' by less
crucial procedures)

Procedures were
to wordy (thereby
discouraging use/
application by
operators)

Underlying causes
(...caused by...)
3.09

3.1

3.11

Procedure implementation
was inadequately supervised
(inadequate timing,
insufficient verification that
the procedure introduced was
actually understood)
The quality and quantity
of procedures within the
organisation was insufficiently
controlled (no-one was
responsible for 'maintenance'
of the procedures, no
'overview' of the whole
package of procedures, no
quality control of contractor
procedures)
There was insufficient
involvement of the
organisation with optimum
safe working practice (safety
was not integrated in work
methods, no policy that
stimulated safe working)

PR
Uncommon

Yes

Uncommon

Possible

Yes

Uncommon

Uncommon

Yes

Yes

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Uncommon

Uncommon

PR

OR
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4. Error enforcing conditions

Preconditions
(...leads to...)

Underlying causes
(...caused by...)
4.01

4.02

4.03

4.04

4.05

4.06

4.07

Faulty adjustment or construction
or lack of insulation in material
caused noise, vibration or extreme
temperatures
There was insufficient (personal)
protection against external
disturbing influences (no
sunshades, air conditioning, ear
plugs, insulating suits)
Procedures specifying under what
environmental conditions the work
must be stopped were ineffective
(e.g. above 50°C, below -40°C)
Insufficient attention was given
to keeping the workfloor clean or
tidied up (unpleasant smells)
Employees were insufficiently
accustomed to or familiarised with
the physical environment, weather
or climatic conditions
Feedback to management about
the physical circumstances and
other negative influences was
insufficient
There were insufficient resources
to make improvements in the
working environment (budget too
small, too little time or too few
personnel made available)

4.A

4.B

4.C

4.D

4.E

External or environmental
conditions were
disturbing or influencing
the conduct of the
operation (noise, bad
smell, vibration, dazzle,
extreme temperatures,
wind, rain, atmospheric
disturbances, humidity,
darkness, dust clouds,
chemicals, hostile
environment

Personal factors
or work patterns
were disturbing
operations or
affecting alertness
(illness, use or
abuse of medicine,
working for too
long, disturbed day/
night rhythm, night
shift, post-lunch
dip, Ramadan)

Use of drugs, alcohol
or other additives was
affecting personal
behaviour (disturbed
perception of the
environment, faulty
risk evaluation and
problem solving,
inability to think
clearly)

Reduced attention was
being paid to the work
in hand (under-attention,
problems at home,
problems with colleagues/
boss at work, no career
prospects, monotonous
work)

Over-energetic
attention was being
paid to the work in
hand (over-attention,
can-do attitudes, being
over-ambitious, overconfidence in one's
own ability, inability to
delegate, fear of failure)

Yes

Possible

Possible

Possible

Uncommon

Yes

Possible

Possible

Possible

Uncommon

Yes

Possible

Possible

Possible

Uncommon

Yes

Possible

Possible

Possible

Uncommon

Yes

Possible

Possible

Possible

Possible

Yes

Yes

Yes

Yes

Uncommon

Yes

Yes

Possible

Possible

Yes

DE

DF

PR

HK

EC

CO

EC
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Preconditions
(...leads to...)

Underlying causes
(...caused by...)
4.08

4.09

4.1

4.11

4.12

The decision to work in this
(unacceptable) environment was
taken for financial or productiontechnical reasons
Insufficient arrangements were
made for (the recognition of)
persons with serious personal
problems
Insufficient arrangements were
made for (the recognition of)
persons who were ill or who used
or failed to use medicines that
affect their functioning
Insufficient arrangements were
made for (the recognition of)
persons with problems in the
social environment (boredom, no
prospects, colleagues)
Employees with a nondesirable working attitude were
inadequately supervised or
insufficiently corrected (no training
in delegation, no attention to
motivation and fear of failure,
no way of dealing with a macho
culture)

4.A

4.B

4.C

4.D

4.E

External or environmental
conditions were
disturbing or influencing
the conduct of the
operation (noise, bad
smell, vibration, dazzle,
extreme temperatures,
wind, rain, atmospheric
disturbances, humidity,
darkness, dust clouds,
chemicals, hostile
environment

Personal factors
or work patterns
were disturbing
operations or
affecting alertness
(illness, use or
abuse of medicine,
working for too
long, disturbed day/
night rhythm, night
shift, post-lunch
dip, Ramadan)

Use of drugs, alcohol
or other additives was
affecting personal
behaviour (disturbed
perception of the
environment, faulty
risk evaluation and
problem solving,
inability to think
clearly)

Reduced attention was
being paid to the work
in hand (under-attention,
problems at home,
problems with colleagues/
boss at work, no career
prospects, monotonous
work)

Over-energetic
attention was being
paid to the work in
hand (over-attention,
can-do attitudes, being
over-ambitious, overconfidence in one's
own ability, inability to
delegate, fear of failure)

Yes

Yes

Uncommon

Possible

Yes

Uncommon

Yes

Yes

Yes

Possible

Uncommon

Yes

Yes

Yes

Possible

Uncommon

Yes

Yes

Yes

Possible

Uncommon

Possible

Possible

Yes

Yes

IG

EC

EC

EC

EC
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Preconditions
(...leads to...)

Underlying causes
(...caused by...)
4.13

4.14

Insufficient arrangements were
made for the recognition and
management of unsuitable
working conditions (management
did not want to hear)
Non-preventable unsuitable
working conditions were
inadequately recognised, poorly
evaluated or insufficiently
compensated for (thunderstorms,
hurricanes, sandstorms, political
upheavals)

4.A

4.B

4.C

4.D

4.E

External or environmental
conditions were
disturbing or influencing
the conduct of the
operation (noise, bad
smell, vibration, dazzle,
extreme temperatures,
wind, rain, atmospheric
disturbances, humidity,
darkness, dust clouds,
chemicals, hostile
environment

Personal factors
or work patterns
were disturbing
operations or
affecting alertness
(illness, use or
abuse of medicine,
working for too
long, disturbed day/
night rhythm, night
shift, post-lunch
dip, Ramadan)

Use of drugs, alcohol
or other additives was
affecting personal
behaviour (disturbed
perception of the
environment, faulty
risk evaluation and
problem solving,
inability to think
clearly)

Reduced attention was
being paid to the work
in hand (under-attention,
problems at home,
problems with colleagues/
boss at work, no career
prospects, monotonous
work)

Over-energetic
attention was being
paid to the work in
hand (over-attention,
can-do attitudes, being
over-ambitious, overconfidence in one's
own ability, inability to
delegate, fear of failure)

Yes

Yes

Possible

Yes

Uncommon

Yes

Yes

Possible

Yes

Possible

EC

DE
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5. Environment and workplace

Preconditions
(...leads to...)

5.A

5.B

5.C

Installations, tools, workfloor, or
equipment were dirty (slippery floors/
surfaces, meters no longer readable,
material not immediately usable)

The working environment
was not properly tidied up
(obstacles, too little space,
inability to work efficiently)

The working environment was
inadequately laid out or organised
(inability to find the necessary
material, inability to work
efficiently)

Underlying causes
(...caused by...)
5.01

5.02
5.03

5.04
5.05

5.06
5.07

5.08
5.09

5.1

The working environment (installations, equipment
and tools) could not be cleaned or was difficult
to keep clean (became dirty quickly through the
nature of the work, or because the dirty places
were not easily accessible)
There was insufficient storage space or a work
area that was too small to be kept tidy and clean
There was insufficient collection or filtering of
dirt emission from equipment or installations
(inadequate gutters, wastepipes, filters)
Cleaning equipment or cleaning material was
insufficient, unavailable or of inadequate quality
Instructions for cleaning or tidying-up the work
environment were inadequate (how and how
often something must be cleaned and tidied)
The weather conditions made it difficult to clean
and tidy-up properly
Insufficient resources were allocated for keeping
the workfloor clean and tidy (purchasing budget
was too small, time allowed was too short, too
few personnel)
Training or experience of the cleaning personnel
was inadequate
There was insufficient feeling of 'ownership' of the
location by employees (lack of interest in how the
location looked; 'that's for the next shift to do')
Planning and demarcation of locations and tasks
was unclear or inadequate (which department or
shift was responsible for cleaning which location,
overviews and duty rosters)

DE

DE

Possible

Yes

Possible

Yes

Yes

Uncommon

Yes

Possible

Uncommon

Yes

Yes

Possible

Possible

Yes

Yes

Possible

Yes

Possible

Yes

Yes

Yes

Yes

Yes

Uncommon

Possible

Yes

Yes

Yes

Yes

Possible

DE

HK
PR

EC
HK

TR
CO

OR
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Preconditions
(...leads to...)

5.A

5.B

5.C

Installations, tools, workfloor, or
equipment were dirty (slippery floors/
surfaces, meters no longer readable,
material not immediately usable)

The working environment
was not properly tidied up
(obstacles, too little space,
inability to work efficiently)

The working environment was
inadequately laid out or organised
(inability to find the necessary
material, inability to work
efficiently)

Underlying causes
(...caused by...)
5.11

5.12

There was insufficient supervision of the
cleanliness and tidiness of the working
environment (e.g. no management visit to look at
the tidiness of the location or no 'follow-up' after
a working visit)
There were insufficient cleaning areas or
opportunities for waste disposal (insufficient or
badly located containers)

OR
Yes

Yes

Possible

Yes

Yes

Yes

DE
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6. Competence, training and awareness

Preconditions
(...leads to...)

Underlying causes
(...caused by...)
6.01

6.02

6.03
6.04

6.05

6.06

6.07

6.08

6.09

6.1

The selection process for the hiring of employees
was ineffective (no medical investigations were
carried out, no suitable investigation made of the
abilities of the employee)
Tests of the effectiveness of training or education
given were inadequate (no final test on the
material or skills taught)
There were insufficient resources to carry out the
training programme (money, time)
Insufficient feedback was given to the training
manager/management about the quality and
effectiveness of training or educational courses
There was inadequate notification of the need for
training or educational courses or for specifically
trained personnel
There was insufficient standardisation of training
courses, educational standards and competence
requirements between companies and countries
Timing, co-ordination or planning of training and
educational courses was inadequate (employees
were not sent on time to the necessary 'refresher'
and 'certification' training courses)
Inadequate records were kept of the training and
educational courses employees had followed,
or what tested level of competence they had
achieved
Guidelines on minimum training and experience
requirements for specific functions/tasks were
inadequate
Guidelines on establishing the requirements of
training and educational courses were lacking or
inadequate

6.A

6.B

6.C

Employees involved had insufficient
knowledge of or insight into what
or how a task should be performed
(not or insufficiently practised,
training was not effective)

Employees involved had
insufficient experience with
the performance of a task
(no on-the-job training given)

Employees with insufficient ability
to carry out the task were involved

Uncommon

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Yes

Yes

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Yes

OR

TR

TR
CO

TR

TR

TR

TR

OR

TR
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Preconditions
(...leads to...)

Underlying causes
(...caused by...)
6.11

6.12

6.13

Quality control of (the standard of) training and
educational courses was inadequate (training was
inadequate, the standard had fallen)
Training was poorly organised/managed within
the organisation (no focal point, no control, no
overview)
No training courses were authorised/organised
(lack of management concern regarding
competence)

6.A

6.B

6.C

Employees involved had insufficient
knowledge of or insight into what
or how a task should be performed
(not or insufficiently practised,
training was not effective)

Employees involved had
insufficient experience with
the performance of a task
(no on-the-job training given)

Employees with insufficient ability
to carry out the task were involved

Yes

Possible

Possible

Yes

Yes

Yes

Yes

Yes

Yes

TR

TR

TR
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7. Conflicting goals and activities

Preconditions
(...leads to...)

7.A

7.B

7.C

7.D

The operation was being
conducted in haste (careless
working, (partial) negation of
procedures, corner cutting)

Production capacity
maximum deliberately
exceeded (maintenance
programme
not adhered to,
undermanned working,
work periods that were
too long)

A potentially dangerous
situation was being ignored
(remedial action postponed
to maintain production)

Work continued although
employees were aware that
working conditions were
less than optimal (HSErelated measures or essential
maintenance suspended
'temporarily' by conscious
decision, by production goals,
by the social environment, by
superiors)

Yes

Yes

Yes

Yes

Yes

Possible

Uncommon

Yes

Yes

Yes

Uncommon

Yes

Yes

Uncommon

Uncommon

Yes

Yes

Yes

Uncommon

Yes

Yes

Yes

Yes

Yes

Underlying causes
(...caused by...)
7.01

7.02

7.03

7.04

7.05

7.06

The employees considered themselves
not empowered to stop the activities
(management did not make it clear how
important safety was)
Insufficient feedback about the
potentially dangerous situation was given
to the persons who had authority to take
action
The employees experienced pressure to
conform to the informal group norms
(norms not accepted by management)
Internal or external individual
circumstances made priority setting
more difficult (family problems, other
activities that took priority, shyness, overmotivation, addiction, personal goals
intruding in work)
Supervision to maintain optimal working
conditions was insufficient (individual
priorities were not suppressed)
Management commitment to the
maintenance of optimal working
conditions was insufficient (because
of short-term profit seeking, meeting
immediate production targets)

OR

CO

IG

IG

OR

IG
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Preconditions
(...leads to...)

7.A

7.B

7.C

7.D

The operation was being
conducted in haste (careless
working, (partial) negation of
procedures, corner cutting)

Production capacity
maximum deliberately
exceeded (maintenance
programme
not adhered to,
undermanned working,
work periods that were
too long)

A potentially dangerous
situation was being ignored
(remedial action postponed
to maintain production)

Work continued although
employees were aware that
working conditions were
less than optimal (HSErelated measures or essential
maintenance suspended
'temporarily' by conscious
decision, by production goals,
by the social environment, by
superiors)

Possible

Yes

Uncommon

Uncommon

Yes

Uncommon

Yes

Possible

Underlying causes
(...caused by...)
7.07

7.08

There was insufficient recognition by
management of existing contradictory
goals (operational priorities not made
clear enough, annual programme
creating requirements not compensated
by safety plan)
There were failures on the part of
management to manage external
pressures (political pressures, national
policies on hiring incompatible with
necessary competencies)

IG

IG
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8. Communications and information

Preconditions
(...leads to...)

Underlying causes
(...caused by...)
8.01

8.02

8.03

8.04

8.05

The ergonomic design of the
communications equipment
was inadequate (no 'hands free'
function)
The quality or quantity of the
communications equipment was
inadequate (many disruptions,
too small capacity, too little
communications equipment, too
few (reserve) communications
channels)
Disturbing external influences
disrupted the communication
(atmospheric disturbances, noise)
Procedures about the
communications structure were
ineffective (who should receive or
request what information, who
you have to notify something
to, medium to use, standard
terminology and abbreviations,
hand signals, 'repeat to confirm'
procedure)
Personal factors made
communications more difficult
(intoxication (drink/drugs),
deafness, stubbornness)

8.A

8.B

8.C

8.D

8.E

Important information
was not being sent
to/offered to the
appropriate person(s) or
department(s) (failure
to initiate or attempt
transmission - includes
failures to discuss
at toolbox or other
meetings)

Important
information
was not being
requested by
the appropriate
person(s) or
department(s)

Important information
was being sent, but
did not arrive or
arrived too late at the
appropriate person(s)
or department(s)
(transfer initiated
but information not
properly received or
delivered)

Important messages were
being wrongly interpreted/
understood by the receiver(s)
(received but not understood ambiguous, unclear, difficult to
understand)

Receiver(s) were
making inadequate
response to
the message(s)
(understood but
not acted on, e.g.
routinely pushed
aside)

DE
Uncommon

Uncommon

Uncommon

Yes

Uncommon

Yes

Uncommon

Yes

Yes

Uncommon

Yes

Uncommon

Yes

Yes

Uncommon

Yes

Yes

Yes

Uncommon

Uncommon

Yes

Possible

Possible

Yes

Yes

CO

DE

PR

CO
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Preconditions
(...leads to...)

Underlying causes
(...caused by...)
8.06

8.07

8.08

8.09

8.1

Inadequate training was given
for staff, supervisors and
management about the best
way to communicate (standard
terminology and abbreviations,
hand signals , simple and clear
formulation, repetition of
instructions/notification)
There were language problems
(different native language,
dialects, jargon)
Conflicting goals hindered the
transmission and receipt of
information (not wishing to be
the bearer of or to hear bad
news, pressure of time)
There were inadequate controls
on the correct use of means of
communication and on following
communications procedures

TR

An ineffective communications
structure prevented information
from getting through, arriving in
time, or reaching the right person
(lines were too long)

CO

8.A

8.B

8.C

8.D

8.E

Important information
was not being sent
to/offered to the
appropriate person(s) or
department(s) (failure
to initiate or attempt
transmission - includes
failures to discuss
at toolbox or other
meetings)

Important
information
was not being
requested by
the appropriate
person(s) or
department(s)

Important information
was being sent, but
did not arrive or
arrived too late at the
appropriate person(s)
or department(s)
(transfer initiated
but information not
properly received or
delivered)

Important messages were
being wrongly interpreted/
understood by the receiver(s)
(received but not understood ambiguous, unclear, difficult to
understand)

Receiver(s) were
making inadequate
response to
the message(s)
(understood but
not acted on, e.g.
routinely pushed
aside)

Yes

Yes

Yes

Yes

Uncommon

Possible

Uncommon

Uncommon

Yes

Uncommon

Possible

Yes

Yes

Uncommon

Uncommon

Uncommon

Yes

Yes

Yes

Yes

Yes

Possible

Yes

Uncommon

Uncommon

CO

IG

CO
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9. Organisation and responsibility

Preconditions
(...leads to...)

Underlying causes
(...caused by...)
9.01

9.02

9.03

9.04

Management priorities
were wrongly assigned
(unsound company
management, willfully
following the wrong
policy)
Organisational objectives
were ineffectively defined
('quality' was not an
objective or was not
operationalised)
Company management
style was inadequately
or insufficiently defined
(company management
lacks direction, deviation
from core business,
blurring of business
branch)
Job descriptions were
insufficiently defined
(work requiring activities
outside job description,
training limited to formal
job definition)

9.A

9.B

9.C

9.D

9.E

9.F

9.G

There was
insufficient
supervision
(supervisor absent
or overly busy
elsewhere, PTW
incorrectly filled
in, hazardous
combinations of
jobs unrecognised
by supervisors)

There was no
or insufficient
oversight
or 'grip' on
all activities
within the
company
(uncontrolled
activities and
situations)

Existing abuses
or inefficiencies
were not dealt
with or changed
(no measures
taken, no
follow-up)

Incorrect or
irresponsible
decisions were
taken (on the
wrong basis,
poorly timed, not
authorised, by the
wrong person)

Activities were
insufficiently
planned
(estimation and
co-ordination
faults, incurring
delay or causing
more processes
to be performed
simultaneously)

Insufficient means
were available for
the task that had
to be performed
(incorrect
allocation of funds,
material, time and
people across the
tasks)

The culture within
the company was not
healthy (employees
were not functioning
optimally: they had no
'heart' for the business)

Possible

Possible

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Possible

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Yes

OR

OR

OR

OR

Page 21

Preconditions
(...leads to...)

Underlying causes
(...caused by...)
9.05

9.06

9.07

The company structure/
organogram was
insufficiently defined
(interrelationships
between persons and
departments unclear or
not effective)
The company organisation
and communications
structure was not
effective (too much
bureaucracy and rigidity,
small scale, lack of
flexibility, shareholders'/
stakeholders' demands
not aimed at improving
quality)
Responsibilities or
accountabilities were
incorrectly or ineffectively
defined (lack of clarity
about who or which
department had the
responsibility for what,
responsibility and
accountability lying with
different people)

9.A

9.B

9.C

9.D

9.E

9.F

9.G

There was
insufficient
supervision
(supervisor absent
or overly busy
elsewhere, PTW
incorrectly filled
in, hazardous
combinations of
jobs unrecognised
by supervisors)

There was no
or insufficient
oversight
or 'grip' on
all activities
within the
company
(uncontrolled
activities and
situations)

Existing abuses
or inefficiencies
were not dealt
with or changed
(no measures
taken, no
follow-up)

Incorrect or
irresponsible
decisions were
taken (on the
wrong basis,
poorly timed, not
authorised, by the
wrong person)

Activities were
insufficiently
planned
(estimation and
co-ordination
faults, incurring
delay or causing
more processes
to be performed
simultaneously)

Insufficient means
were available for
the task that had
to be performed
(incorrect
allocation of funds,
material, time and
people across the
tasks)

The culture within
the company was not
healthy (employees
were not functioning
optimally: they had no
'heart' for the business)

Yes

Possible

Yes

Yes

Yes

Possible

Yes

Possible

Possible

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

OR

OR

OR
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Preconditions
(...leads to...)

Underlying causes
(...caused by...)
9.08

9.09

9.1

There had been too
many departmental reorganisations or changes
of senior management
The control system
within the company was
ineffective: structure,
resources, approach
(supervisor(s) overstretched, execution
and control lying with
one person, supervision
ineffective)
Bodies outside the
organisation exerted a
dominating influence
(governments,
multinational
organisations)

9.A

9.B

9.C

9.D

9.E

9.F

9.G

There was
insufficient
supervision
(supervisor absent
or overly busy
elsewhere, PTW
incorrectly filled
in, hazardous
combinations of
jobs unrecognised
by supervisors)

There was no
or insufficient
oversight
or 'grip' on
all activities
within the
company
(uncontrolled
activities and
situations)

Existing abuses
or inefficiencies
were not dealt
with or changed
(no measures
taken, no
follow-up)

Incorrect or
irresponsible
decisions were
taken (on the
wrong basis,
poorly timed, not
authorised, by the
wrong person)

Activities were
insufficiently
planned
(estimation and
co-ordination
faults, incurring
delay or causing
more processes
to be performed
simultaneously)

Insufficient means
were available for
the task that had
to be performed
(incorrect
allocation of funds,
material, time and
people across the
tasks)

The culture within
the company was not
healthy (employees
were not functioning
optimally: they had no
'heart' for the business)

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Yes

Possible

Possible

Yes

Yes

Possible

OR

OR

IG
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10. Maintenance, inspection and technical integrity

Preconditions
(...leads to...)

10.A

10.B

10.C

10.D

Tools were defective, no
longer in optimal condition
(too much rust, too worn, no
longer 100% reliable)

Equipment
maintenance
was makeshift or
'temporary' (substandard material,
expertise)

Equipment was not
available (not in use
because of maintenance)

Detection, alarm and relief
devices were unreliable
(initiation settings, calibration)

Underlying causes
(...caused by...)
10.01

10.02
10.03
10.04

10.05

10.06

10.07

10.08

10.09

Equipment was difficult to maintain
because of the way it was designed
(unreachable or difficult to reach
components, total dismantling necessary)
A tool for maintenance was difficult to use
(poor ergonomic design)
Maintenance material, tools or equipment
was of inadequate quality
Work procedures for maintenance tasks
were ineffective (out-or-date, noneffective, incorrect)
Maintenance documentation was
inadequate (no manuals, unauthorised
drafts or sub-standard manuals)
There were personal factors disruptive
to maintenance (problems at home or at
work, illness, use of medications, addiction
or a disturbed day-night rhythm)
Environmental conditions were disruptive
to maintenance (extreme temperatures,
darkness, noise, stench, rain, wind)
Knowledge and experience levels
among the maintenance personnel were
insufficient (no specific training or on-thejob training given)
Resource constraints made good
maintenance difficult (too few
maintenance personnel, budget for
materials too small, too little time)

DE

DE
MM

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

PR

MM

MM

DE

TR

MM
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Preconditions
(...leads to...)

10.A

10.B

10.C

10.D

Tools were defective, no
longer in optimal condition
(too much rust, too worn, no
longer 100% reliable)

Equipment
maintenance
was makeshift or
'temporary' (substandard material,
expertise)

Equipment was not
available (not in use
because of maintenance)

Detection, alarm and relief
devices were unreliable
(initiation settings, calibration)

Underlying causes
(...caused by...)
10.1

10.11

10.12

10.13

10.14

10.15

There was insufficient co-operation
between inspection and maintenance
teams (no notification of defective
material)
Maintenance history or documentation on
the 'settings' of the tools or equipment
were inadequate (changing settings 'backand-forth', repeated mistakes)
Planning and co-ordination of
maintenance activities was inadequate
(no oversight of the maintenance to be
performed, no priorities set for essential
material, no or inadequate maintenance
schedules)
The safe system of work (e.g. PTW) for
the performance of maintenance was
ineffective
Checking of maintenance quality was
inadequate (no feedback about the
effectiveness, no functional tests carried
out, no inspection)
The maintenance philosophy was
inappropriate (breakdown, preventative or
condition based maintenance, philosophy
inappropriate to equipment)

MM
Yes

Possible

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Uncommon

Yes

Uncommon

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

MM

MM

PR

MM

MM
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11. Rescue and recovery

Preconditions
(...leads to...)

11.A

11.B

11.C

11.D

11.E

11.F

Insufficient use was
made of safety and
protective equipment
(safety barriers not in
place, PPE available
but not used)

Safety and
protective
equipment were
inadequate or
not available
(PPE not issued,
equipment
inadequate for
hazards)

Detection and
alarm system
or notices gave
insufficient warning
(inoperative,
insufficient lead
time, difficult to see
or hear, impossible
to understand or
too general)

Operational
emergency control
procedures were
inadequate for the
range of envisaged
operational
disturbances (limited
scope, capability)

Recovery systems
were inoperative
or were operating
unsatisfactorily
(shut-downs
unreliable,
diversions
ineffective, back-up
systems inoperative)

Rescue facilities and
services were below
required capacity or
capability (medical
services, evacuation,
fire fighting, stand-by
equipment - under
manned, under
resourced)

Yes

Yes

Yes

Uncommon

Yes

Yes

Yes

Possible

Yes

Yes

Yes

Yes

Uncommon

Yes

Possible

Yes

Yes

Possible

Possible

Yes

Yes

Yes

Underlying causes
(...caused by...)
11.01

11.02

11.03

11.04

The ergonomic design
of safety and emergency
equipment or protective gear
was inadequate (difficult to
handle, alarm signal difficult
to perceive)
There was insufficient
maintenance and repair
of safety and emergency
equipment or protective
gear (no checks made on
fire extinguishers, fire suits,
no testing of alarm systems,
emergency exits)
Evacuation or rescue plans
were ineffective (out-of-date,
insufficiently informative or
not flexible enough about
what to do in what situation)
Emergency procedures/
operational disaster plans
were ineffective (out-of-date,
insufficiently informative or
not flexible enough about
what to do in what situation,
last line defences not
included)

DE
Possible

Yes

MM

DF

PR
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Preconditions
(...leads to...)

11.A

11.B

11.C

11.D

11.E

11.F

Insufficient use was
made of safety and
protective equipment
(safety barriers not in
place, PPE available
but not used)

Safety and
protective
equipment were
inadequate or
not available
(PPE not issued,
equipment
inadequate for
hazards)

Detection and
alarm system
or notices gave
insufficient warning
(inoperative,
insufficient lead
time, difficult to see
or hear, impossible
to understand or
too general)

Operational
emergency control
procedures were
inadequate for the
range of envisaged
operational
disturbances (limited
scope, capability)

Recovery systems
were inoperative
or were operating
unsatisfactorily
(shut-downs
unreliable,
diversions
ineffective, back-up
systems inoperative)

Rescue facilities and
services were below
required capacity or
capability (medical
services, evacuation,
fire fighting, stand-by
equipment - under
manned, under
resourced)

Uncommon

Yes

Yes

Yes

Yes

Possible

Yes

Uncommon

Uncommon

Yes

Yes

Possible

Yes

Uncommon

Yes

Yes

Yes

Yes

Yes

Yes

Uncommon

Yes

Yes

Possible

Underlying causes
(...caused by...)
11.05

11.06

11.07

11.08

Environmental conditions at
the time of the emergency
operations were unfavourable
(weather conditions,
darkness)
The condition of people at
the time of the emergency
operations was unfavourable
(people were ill, drunk, very
frightened, stressed)
Congestion or chaos in
the operating environment
hindered the emergency
operation or preventative
measures (inability to find
the necessary equipment,
emergency exits or evacuation
routes were blocked)
Employees involved had
insufficient know-how to
be able to carry out the
emergency operations or
the preventative measures
(operational knowledge,
insufficient emergency
training, no first aid
qualifications)

DE

EC

DF

TR
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Preconditions
(...leads to...)

11.A

11.B

11.C

11.D

11.E

11.F

Insufficient use was
made of safety and
protective equipment
(safety barriers not in
place, PPE available
but not used)

Safety and
protective
equipment were
inadequate or
not available
(PPE not issued,
equipment
inadequate for
hazards)

Detection and
alarm system
or notices gave
insufficient warning
(inoperative,
insufficient lead
time, difficult to see
or hear, impossible
to understand or
too general)

Operational
emergency control
procedures were
inadequate for the
range of envisaged
operational
disturbances (limited
scope, capability)

Recovery systems
were inoperative
or were operating
unsatisfactorily
(shut-downs
unreliable,
diversions
ineffective, back-up
systems inoperative)

Rescue facilities and
services were below
required capacity or
capability (medical
services, evacuation,
fire fighting, stand-by
equipment - under
manned, under
resourced)

Yes

Yes

Yes

Yes

Yes

Yes

Possible

Uncommon

Yes

Yes

Yes

Yes

Yes

Yes

Uncommon

Possible

Possible

Possible

Yes

Yes

Yes

Yes

Yes

Yes

Underlying causes
(...caused by...)
11.09

11.1

11.11

11.12

There was insufficient
exchange of information
about safety aspects between
the various sites, departments
or persons belonging to the
company
Communications during the
emergency were ineffective
(ineffective communications
structure, inaccessibility,
disruptions)
A conflict between
production, financial,
government or individual
objectives and safety
measures hindered the
emergency response (waiting
too long before shutting
down, failure to inform
outside bodies, guidelines not
hard enough)
Release of money, personnel
or other means was
inadequate to guarantee
effective preventative
measures, emergency
procedures or safety
equipment

CO

CO

IG

DF
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Preconditions
(...leads to...)

11.A

11.B

11.C

11.D

11.E

11.F

Insufficient use was
made of safety and
protective equipment
(safety barriers not in
place, PPE available
but not used)

Safety and
protective
equipment were
inadequate or
not available
(PPE not issued,
equipment
inadequate for
hazards)

Detection and
alarm system
or notices gave
insufficient warning
(inoperative,
insufficient lead
time, difficult to see
or hear, impossible
to understand or
too general)

Operational
emergency control
procedures were
inadequate for the
range of envisaged
operational
disturbances (limited
scope, capability)

Recovery systems
were inoperative
or were operating
unsatisfactorily
(shut-downs
unreliable,
diversions
ineffective, back-up
systems inoperative)

Rescue facilities and
services were below
required capacity or
capability (medical
services, evacuation,
fire fighting, stand-by
equipment - under
manned, under
resourced)

Possible

Yes

Yes

Yes

Yes

Yes

Uncommon

Uncommon

Yes

Yes

Yes

Yes

Yes

Possible

Possible

Possible

Yes

Possible

Underlying causes
(...caused by...)
11.13

11.14

11.15

The organisation was
insufficiently involved with
safety (lack of systematic
registration of who was
working where, safety
not integrated in working
methods, no policy that
stimulated safety)
The structure of the
emergency response
organisation was unsound
(hierarchy, responsibilities,
delegation)
Supervision during the
performance of emergency or
other safety related activities
was insufficient

OR

OR

OR
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BASIC RISK FACTORS (BRFs)
Based upon incident investigation studies, Tripod research classified underlying causes
into eleven basic risk factors (BRFs), which provide a comprehensive risk management
picture valid across many industry activities. Each BRF category represents a distinctive
area of management activity. Some of these BRFs reach back over the development
history of the organisation (e.g. incompatible goals and organisational failures) whilst
others assess the current quality of its specific functions (e.g. design, maintenance,
procedures, etc.). Preconditions can also be categorised into BRFs. There are 11 BRFs:

7.Incompatible goals (IG)
Failure to manage conflict; between organisational goals, such as safety and production;
between formal rules such as company written procedures and the rules generated
informally by a work group; between the demands of individuals’ tasks and their personal
preoccupations or distractions.
8.Communication (CO)
Failure in transmitting information necessary for the safe and effective functioning of the
organisation to the appropriate recipients in a clear, unambiguous or intelligible form.

1.Hardware (HW)
Failures due to inadequate quality of materials or construction, non-availability of
hardware and failures due to ageing (position in the life-cycle). The BRF does not
include error-generating mechanisms due to poorly designed equipment (Design BRF)
and hardware failures caused by inadequate maintenance (Maintenance management
BRF).

9.Organisation (OR)
Deficiencies in either the structure of a company or the way it conducts its business that
allow responsibilities to become ill-defined and warning signs to be overlooked.
10.Training (TR)
Deficiencies in the system for providing the necessary awareness, knowledge or skill to an
individual or individuals in the organisation. In this context, training includes on the job
coaching by mentors and supervisors as well as formal courses.

2.Design (DE)
Deficiencies in layout or design of facilities, plant, equipment or tools that lead to
misuse or substandard acts, increasing the chance of particular types of errors and
violations.

11.Defences (DF)
Failures in the systems, facilities and equipment for control or containment of source of
harm or for the mitigation of the consequences of either human or component failures.

3.Maintenance management (MM)
Failures in the systems for ensuring technical integrity of facilities, plant, equipment
and tools, e.g. condition surveys, corrosion barriers and function testing of safety and
emergency equipment. Issues relevant to the execution aspects of maintenance are
considered in the BRFs Error-enforcing conditions, Procedures, Design, Hardware, and
Communication.
4.Procedures (PR)
Unclear, unavailable, incorrect or otherwise unusable standardised task information that
has been established to achieve a desired result.
5.Error-enforcing conditions (EC)
Factors such as time pressures, changes in work patterns, physical working conditions
(hot, cold, noisy), etc. acting on the individual or in the workplace that promote the
performance of substandard acts – including errors or violations.
6.Housekeeping (HK)
Tolerance of deficiencies in conditions of tidiness and cleanliness of facilities and work
spaces or in the provision of adequate resources for cleaning and waste removal.
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