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Occupational Accidents a Serious Concern

Accidents at work in industry:
* Kill 1 person every 2 hours
* Injure 1 person every 5 seconds [Eurostat, 2004]

 In EU-15in 2001 the death toll was approximately
4.900 every year out of 7.6 million accidents (4.9
million resulted in more than 3 days of absence)
[Eurostat 2004].

 The number of fatalities at work has risen in the EU-
27 to 7.460 a year.

* In Greece occupational accidents result in about 100
deaths per year

* In the Netherlands the toll rises to 80 deaths per
year.
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Occupational Risk Management

* Risk Management means the selection of
specific actions that will change the
working environment so that occupational

risk Is reduced.
— Limited resources; time, money etc.

 To manage risk we have to measure lIt.
Because we cannot manage what we

cannot measure
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Risk of Occupational Accident

Probability that during a specified period in the future
the worker will suffer an accident with specific bodily
harm.

Possible Consequences

— Recoverable Injury

— Permanent Injury

— Fatality

— OK

Probability of each consequence
Accidents occur randomly in time.

Exposure to the hazard is important. The more the
riskier.

Poisson Random Process: Constant risk rate
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Quantitative risk indices

 Risk Rate: Probability of an accident per
unit of time.

* Risk per year: Probability of an accident
during a year for the average worker
(mean yearly exposure).

e RiIsk can be calculated if risk rate i1s known
and If exposure is known and it always
refers to the future.
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Risk Ranking

FATALITY RISK RANKING
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Risk Variability

FATALITY RISK PER YEAR FOR VARIOUS OCCUPATIONAL HAZARDS

% Intervals
| 5% to 50%
OMeanto 95%
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1.1.23.2 Fall from height - floor 1
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1.1.3.3 Fall from height — Fixed platform 1
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8.1.2 Contact w ith mowing parts of a machine - clearng 1
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LINKING ACCIDENT ROOT CAUSES TO RISK

QUANTIFICATION OF OCCUPATIONAL RISK ONLY
PARTIALLY ANSWERS THE QUESTION OF RISK
MANAGEMENT (MANAGING EXPOSURES E.G. LADDER
VERSUS SCAFFOLD)

DETERMINIG RISK REDUCING POLICIES THAT CAN BE
QUANTIFIED IN TERMS OF THEIR EFFECT ON RISK IS
NOT EASY AT THIS LEVEL

DEVELOPMENT OF DETAILED MODEL IN ORDER TO
IDENTIFY CAUSES AND OTHER FACTOR INFLUENCING
THE OCCURRENCE OF ACCIDENTS IS NECESSARY

THEN RISK REDUCING ACTIONS (MEASURES) CAN BE
DEFINED AS SPECIFIC ACTIONS INFLUENCING THE
UNDERLYING CAUSES AND OTHER IMPORTAN RISK
SHAPING FACTORS.
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Working Environment

lechnical factors

""" TECHNOLOGY

(@

(@

SAFE
PERSO

\|

Organisational factors |

ROOT CAUSES OF ACCIDENTS CAN BE FOUND IN ANY AND
ALL OF THESE THREE ARAEAS
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DEVELOPMENT OF LOGIC MODELS

DEVELOPMENT OF A MODEL TO SIMULATE THE LOGICAL
INTERCONNECTION OF VARIOUS FACTORS INFLUENCING THE

OCCURRENCE OF ACCIDENTS
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LOGICAL MODEL, BOWTIE

SCIENTIFIC/ TECHNICAL
KNOWLEDGE
COMMON SENSE

ADDITIONAL EXP

@
From
Story
MANAGEMENT Builder
INSIGHTS/ASPECTS To Bowtig

Software to |
Bowtie
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QUANTITATIVE RISK ANALYSIS

o Sixty three logic models have been
developed (one for each hazard)

 The logic models have been quantified on the
basis of:

— Number of accident sequences observed in the
Netherlands (GISAI)

— Assessment of Working Conditions (PIEs) through
a nationwide survey.

— This quantification provides the Dutch National
Average (DNA)
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Probability Influencing Entities (PIES)
Safety Barriers and Logical model

WORKING
ENVIRONMENT RIEK

—! DNA
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RISK MANAGEMENT

RISK

NEW INPUT TO

il BOWTIE )

DNA
g NEW RISK

NEW BASIC
T

BILITIES

*This can be done for:
e a single hazard
e a particular job type (combination of hazards and exposures)
«a particular work place with different types of jobs.
SELECT FROM A LIST OF 350 RISK REDUCING MEASURES
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COMPOSITE MODEL
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RISK REDUCING MEASURES --- MULTIPLE HAZARDS

ORM

RISK
REDUCING
MEASURES
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Multiobjective Risk Optimization

Optimum solution

Alternative |\|2 1S dk I
Risk Reduction —
Strateqies

Multipte criteria
Harm
Fatalities

Multiobjective Perm. Injuries
Evolutionary Rec. Injuries

Algorithm « Economic costs
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Customising Working Environment
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Individual risk per year for each job and

hazard typ

B] run by yannisp _I_I— = il

- 'ORM Pro Version 0.8.17.206 [*EXAMPLE FINAL REPORT_G6.
File Help
Exposure I Workplace Questions Risk Calculation I Optimisation Calculation I
Company risk Individual risk per year | Individual risk per mission |

ICarpenters LI
Current Risk Comparison
oA Risk Results |
B Save | B Export | W Delete | W Delete all |
Exposure frequency Fatality Permanent |Recoverable) Fatality Permanent |Recoverable)
(risk per | injury (per | injury (per (risk per | injury (per | injury (per
year) year) year) year) year) year
=~ Carpenters
i Total risk
- Background risk
E- Occupational risk
- 01.1.1.1 Fall from height - Flacement ladder Once per Week
01.1.1.3 Fall from height - Step ladder or steps Once per Week
- 01.1.2.1 Fall fram height - Working on mabile scaffold Once per Week
01.1.2.2 Fall from height - Working on fixed scaffold Once per Week
-~ 01.1.3.1 Fall from height - Roof Once per Week
01.1.3.2 Fall from height - Floor 0Once per Week
-~ 01.2 Fall on same level Once per Week
03.4 Contact falling obiect - Manual Handling once per Week
-~ 03.5 Contact falling object - Other Once per Week
04.1 Contact flying obiect - Machine or handheld tool once per Week
-~ 04.2 Contact flying object - Object under pressure or tension Once per Week
04.3 Contact flying object - Blown by wind once per Week
-~ 06.1 Contact obiect carried or used by other person - handheld tool Once per Week
06.2 Contact object carried or used by other person - NOT handheld tool once per Week
-~ 07 Contact handheld tool by self Once per Week
08.1.1 Contact Moving Parts Machine - Operating once per Week
- 08.1.3 Contact Moving Farts Machine - Clearing Once per Week
25.1 Extreme muscular exertion - handling objects 0Once per Week
-~ 25.2 Extreme muscular exertion - moving around Once per Week
Threshold:
Calculate | Calculate DNA & Show 1~ Hide ‘ [5] Edit thresholds

Fatality
Permanant Injury

Recoverable Injury
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Efficient frontier

M Pro Verseon 8.1 7. 5006 | ELAMPLE FIRAL REPORT_6.MDB] men by yannksp i _ | _31
Fle melp
Ewpusre | ool Quessees | Rk Candaten | Optimisation Calculation |
Fun Optimisation | Optimisation Results |
Full Resuilts I Fatality | Permanent Injury | Recoversbde Injury || Schutions st |

| Cost |
. T Awsdabikty of means to secure loads. #1010 ;I
153000 1 ..E. AN X R o L | A R T Fhysical partitioreng-off of machine, 1575
rasopa 4 ---- - Sa B0 ..IE...... Seme end B e O Physicsl partitinning batwean workars... £500
C i [T Indicate whare chjeds should be gra... 2100
140008 1M ) I 177 | 1--=1 111 [ Pericdic evaluation of ool sterage sg... 2600
. ""h"%""' / e T .I. [ Tools purdhasing policy. &400
s o [T Harness belts, 910
| [ Check all toels, aquipmsant ard sacuri..., EITE0
[ Frocedura: Tool Storsge. EL20
LALLY [T mestructione for selection and correct ... BERE
| [ Momtar ghysical conditicn, A5
HaEn [ Training on risis dua 1o inatentiveness. €275
r [ Fit blind =pot marrars, w1572
1ITIT O Correct arironmant for patiants/oust.., €170
-1 T Mondtor safa working practicas. E2E000
I [T Mark dangerous areas. a3
L L [ et o protect against falling objects, 70
T Foundations. EEZ40
|
[T Optical or electronic guard. #3480
% I [T Ganeral safety intrgduction €117
MR [T Distinct work diothing wameng clothing. 700
= [ [ Fernodic mantenance and inspecton, #2080
| [F Farsomal protectve aquipment, 1120
TTIT [T Fractcal training. E1050
A1 [T Frocedure: Manually handlng koads. LST-"-L]
E-L-HH- [ Progedure; Controlled dropging of olbij... €240
L [T Frocedure: Stacking objecs. E1FI0
¥ Guardrails. 2045
1T [ Clean and ey working space, 3160
O stzbke surfaca. @SSR
[ I Anb-slip feat, L4-1]
A1 F Work shoes 350
[T Caordon-off warking araz E1580
I [¥ Frocedure: Using [adders 732
b-E-H11- [ Ladders of the correct fype and 182 .., £1000
-1 O Qualfiad perscnnal &2450
AL [T Suttsbity of addiional strudures uss... €1115
| [F Sell-defence coures, k]
¥ Correct height of stapiadder w332
[¥! Carry cut RIE an working condibons 50
& Cardaning and sgns for danger asea €330
T T ¥ Imtroduca & system of recordad comgp... (L]
[ Toolbox meehing. s |
¥ Granng when road surfacs is slippery £1400 =

¥ Loganithmic Risk Axis
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SUMMARY AND CONCLUSIONS

e For existing risks for which there is experiential data risk
guantification is possible on the basis of
— Number of accidents;
— EXposure;
— Risk Rate;
— Risk per year;

 Risk Management Policies based on observed number
of accidents might not always result in optimum risk
reduction.

 Risk Management Policies based on quantified risk
Indices based on average exposures might also be
suboptimal for individual workers and/or groups differing
In exposure profiles from the average

* Information existing about the factors determining the
work place (technical, human, organisational) can be
organised in a logic model to provide the basis of

___evaluating risk reducing measures.
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SUMMARY AND CONCLUSIONS

Logical models can be developed also for new
and emerging risks. Analysis of the relevant
technology, human behaviour and organisational
aspects of new working environments and
situations can be based on the same principles as
for logic models of existing risks.

Quantification of these new models is, however,
more difficult. Information about probabilities
concerning simple elements of the models might,
nevertheless, be deduced from extrapolation of
existing data. Other not known probabillities can
be assessed through expert judgment and
provide the basis of a sensitivity analysis for
various alternative risk reducing policies.
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Quantified Occupational Risk

THANK YOU
FOR YOUR
ATTENTION
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Occupational Accidents a Serious Concern

    Accidents at work in industry:

		Kill 1 person every 2 hours 

		Injure 1 person every 5 seconds [Eurostat, 2004]

		In EU-15 in 2001 the death toll was approximately 4.900 every year out of 7.6 million accidents (4.9 million resulted in more than 3 days of absence) [Eurostat 2004]. 

		The number of fatalities at work has risen in the EU-27 to 7.460 a year. 

		In Greece occupational accidents result in about 100 deaths per year 

		In the Netherlands the toll rises to 80 deaths per year. 
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The WORM project
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Occupational Risk Management

		Risk Management means the selection of specific actions that will change the working environment so that occupational risk is reduced.

		Limited resources; time, money etc.



		To manage risk we have to measure it. Because we cannot manage what we cannot measure
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Working Environment





TECHNOLOGY

ORGANISATION

HUMAN

SAFE PLACE

SAFE SYSTEM

SAFE PERSON

ROOT CAUSES OF ACCIDENTS CAN BE FOUND IN ANY AND ALL OF THESE THREE ARAEAS
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Risk of Occupational Accident

		Probability that during a specified period in the future the worker will suffer an accident with specific bodily harm.

		Possible Consequences

		Recoverable Injury

		Permanent Injury

		Fatality

		OK

		Probability of each consequence

		Accidents occur randomly in time.

		Exposure to the hazard is important. The more the riskier.

		Poisson Random Process: Constant risk rate
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Quantitative risk indices

		Risk Rate: Probability of an accident per unit of time. 

		Risk per year: Probability of an accident during a year for the average worker (mean yearly exposure).

		Risk can be calculated if risk rate is known and if exposure is known and it always refers to the future. 
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Risk Ranking
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Risk Variability















iNTeg-Risk



LINKING ACCIDENT ROOT CAUSES TO RISK

		QUANTIFICATION OF OCCUPATIONAL RISK ONLY PARTIALLY ANSWERS THE QUESTION OF RISK MANAGEMENT (MANAGING EXPOSURES E.G. LADDER VERSUS SCAFFOLD)





		DETERMINIG RISK REDUCING POLICIES THAT CAN BE QUANTIFIED IN TERMS OF THEIR EFFECT ON RISK IS NOT EASY AT THIS LEVEL





		DEVELOPMENT OF DETAILED MODEL IN ORDER TO IDENTIFY CAUSES AND OTHER FACTOR INFLUENCING THE OCCURRENCE OF ACCIDENTS IS NECESSARY





		THEN RISK REDUCING ACTIONS (MEASURES) CAN BE DEFINED AS SPECIFIC ACTIONS INFLUENCING THE UNDERLYING CAUSES AND OTHER IMPORTAN RISK SHAPING FACTORS.
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Working Environment





TECHNOLOGY

ORGANISATION

HUMAN

SAFE PLACE

SAFE SYSTEM

SAFE PERSON

ROOT CAUSES OF ACCIDENTS CAN BE FOUND IN ANY AND ALL OF THESE THREE ARAEAS

Technical factors

……

……

……

Human factors

……

……

……

Organisational factors

……

……

……
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DEVELOPMENT OF LOGIC MODELS

		DEVELOPMENT OF A MODEL TO SIMULATE THE LOGICAL INTERCONNECTION OF VARIOUS FACTORS INFLUENCING  THE OCCURRENCE OF ACCIDENTS













iNTeg-Risk



LOGICAL MODEL, BOWTIE







ORGANIZE INFORMATION



		INITIATING EVENTS

		SAFETY FUNCTIONS

		PRIMARY BARRIERS

		SUPPORT BARRIERS

		PIEs

		DEPENDENCES

		STRUCTURAL

		PROBABILISTIC

		CENTER EVENT (output)



SCIENTIFIC/ TECHNICAL KNOWLEDGE

 COMMON SENSE

ADDITIONAL EXPERIENCE

MANAGEMENT INSIGHTS/ASPECTS



EXPERIENCE

HORRIBLE STORIES

About 9113 accidents in a period of 

six years in GISAI



STORY BUILDER



From 

Story Builder 

To Bowtie

LOGICAL MODEL

Software to built

Bowtie

















iNTeg-Risk



QUANTITATIVE RISK ANALYSIS

		Sixty three logic models have been developed (one for each hazard)



		The logic models have been quantified on the basis of:

		Number of accident sequences observed in the Netherlands (GISAI)

		Assessment of Working Conditions (PIEs) through a nationwide survey. 

		This quantification provides the Dutch National Average (DNA)
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Probability Influencing Entities (PIEs) 

Safety Barriers and Logical model
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RISK MANAGEMENT





		This can be done for:

		 a single hazard

		 a particular job type (combination of hazards and exposures)

		a particular work place with different types of jobs.

		SELECT FROM A LIST OF 350 RISK REDUCING MEASURES
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COMPOSITE MODEL
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RISK REDUCING MEASURES --- MULTIPLE HAZARDS
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Multiobjective Risk Optimization

Input data

(Accident reports,  surveys,

 measures ,costs)

Risk 

Model

13-18 JUNE  2004

PSAM 7 – ESREL 2004

6

Alternative 

Risk Reduction

Strategies



   Multiple criteria

		 Harm 



 	Fatalities

	Perm. Injuries

	Rec.  Injuries

		 Economic costs 
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Optimum solution

Quantitative 

Risk Assessment
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Customising Working Environment
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Individual risk per year for each job and hazard type
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Efficient frontier
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SUMMARY AND CONCLUSIONS

		For existing risks for which there is experiential data risk quantification is possible on the basis of 

		Number of accidents;

		Exposure;

		Risk Rate; 

		Risk per year;

		Risk Management Policies based on observed number of accidents might not always result in optimum risk reduction.

		Risk Management Policies based on quantified risk indices based on average exposures might also be suboptimal for individual workers and/or groups differing in exposure profiles from the average

		Information existing about the factors determining the work place (technical, human, organisational) can be organised in a logic model to provide the basis of evaluating risk reducing measures.
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SUMMARY AND CONCLUSIONS

		Logical models can be developed also for new and emerging risks. Analysis of the relevant technology, human behaviour and organisational aspects of new working environments and situations can be based on the same principles as for logic models of existing risks. 

		Quantification of these new models is, however, more difficult. Information about probabilities concerning simple elements of the models might, nevertheless, be deduced from extrapolation of existing data. Other not known probabilities can be assessed through expert judgment and provide the basis of a sensitivity analysis for various alternative risk reducing policies.
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SUMMARY AND CONCLUSIONS

		A methodology and the associated computer tool for the optimisation of the occupational-risk reducing strategy has been presented.

		A “tailor-made” model for the quantification of occupational risk in ‘entities’ involving one or any number of workers is determined.

		The model is based on specific logic models, linking the various working environment factors with the final harm from an accident, and developed for 63 single hazards.

		A collection of risk reducing measures is available. Additional measures may be defined by the user.

		A multiobjective optimisation is performed providing the efficient frontier in four dimensions: Cost; expected number of fatalities; expected number of permanent injuries; and expected number of recoverable injuries. 
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Quantified Occupational Risk
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FATALITY RISK RANKING
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3.5 Contact with falling object – other


1.1.3.1 Fall from height – roof


1.1.5.1 Fall from height - moveable platform


1.1.3.2 Fall from height – floor


1.1.2.1 Fall from height – working on mobile scaffold


3.1 Contact with falling object – crane or load


1.1.3.3 Fall from height – Fixed platform


23.2  Impact by immersion in liquid – working nearby


12.1 Contact with electricity – high voltage cable


22.2  Hazardous atmosphere through breathing apparatus


11 In or on moving vehicle with loss of control


1.1.2.2 Fall from height -  working on fixed scaffold


8.1.3 Contact with moving parts of a machine – clearing


22.1 Hazardous atmosphere in confined space


1.1.5.3 Fall from height – other


1.1.2.3 Fall from height – (de-)Installing scaffold


23.1  Impact by immersion in liquid – working in or under


1.1.1.1 Fall from height - placement ladder


8.3Trapped between


27.2.1 Chemical explosion – vapour or gas 


8.2 Contact with hanging/ swinging objects


15.4 Release of a hazardous substance out of a closed con...


2. Struck by moving vehicle


1.1.5.2 Fall from height - non-moving vehicle


8.1.4 Contact with moving parts of a machine – cleaning


4.2 Contact with flying object – object under pressure or te...


1.1.1.2 Fall from height - fixed ladder


12.3 Contact with electricity – electrical work


12.2 Contact with electricity – tool 


3.2 Contact with falling object - mechanical lifting


TYPES OF HAZARDS


RELATIVE RISK VALUE


RISK PER YEAR


RISK PER HOUR


NUMBER OF ACCIDENTS PER YEAR


FATALITY RISK PER YEAR FOR VARIOUS OCCUPATIONAL HAZARDS


1.E-081.E-071.E-061.E-051.E-041.E-03


3.3 Contact with falling object – vehicle or load


3.4 Contact with falling object - manual handling


4.3 Contact with flying object – blown by wind


6.1 Contact with object used or carried–hand held tool  operated by other person


7 Contact with hand held tools operated by self


9 Moving into object


10 Buried by bulk mass


13 Contact with hot or cold surfaces or open flame


14.1 Release of hazardous substance out of open containment


15.2 Release of a hazardous substance out of a closed containment – transport


15.3 Release of a hazardous substance out of a closed containment- closing


17.3 Fire - fire fighting


25.1  Extreme muscular exertion – handling objects


25.2  Extreme muscular exertion – moving around


27.2.3 Chemical explosion – explosives


27.2.4 Chemical explosion – exothermic reactions


1.2 Fall on same level


1.3 Fall down stairs or ramp


6.2 Contact with object used or carried - NOT handheld tool


20.1 Human aggression


8.1.1 Contact with moving parts of a machine – operating


12.2 Contact with electricity – tool 


17.1 Fire - hot work


1.1.4 Fall from height – hole in the ground


27.2.2 Chemical explosion – dust


14.2 Exposure to hazardous substance without Loss of Containment


5 Hit by rolling/sliding object or person


4.1 Contact with flying object – machine or handheld tool


8.1.4 Contact with moving parts of a machine – cleaning


1.1.1.3 Fall from height -  step ladder or steps


17.2 Fire - working near flammables/ combustibles


27.1  Physical explosion


20.2 Animal behaviour


15.1 Release of a hazardous substance out of a closed containment – adding,


8.1.2 Contact with moving parts of a machine – maintaining


3.2 Contact with falling object - mechanical lifting


1.1.1.2 Fall from height - fixed ladder


1.1.5.2 Fall from height - non-moving vehicle


4.2 Contact with flying object – object under pressure or tension


2. Struck by moving vehicle


8.2 Contact with hanging/ swinging objects


12.3 Contact with electricity – electrical work


15.4 Release of a hazardous substance out of a closed containment – working nearby


27.2.1 Chemical explosion – vapour or gas 


1.1.1.1 Fall from height - placement ladder


11 In or on moving vehicle with loss of control


22.2  Hazardous atmosphere through breathing apparatus


1.1.5.3 Fall from height – other


8.3Trapped between


1.1.2.3 Fall from height – (de-)Installing scaffold


22.1 Hazardous atmosphere in confined space


1.1.2.2 Fall from height -  working on fixed scaffold


23.1  Impact by immersion in liquid – working in or under


8.1.3 Contact with moving parts of a machine – clearing


23.2  Impact by immersion in liquid – working nearby


12.1 Contact with electricity – high voltage cable


1.1.3.3 Fall from height – Fixed platform


1.1.2.1 Fall from height – working on mobile scaffold


3.1 Contact with falling object – crane or load


1.1.3.2 Fall from height – floor


1.1.5.1 Fall from height - moveable platform


1.1.3.1 Fall from height – roof


3.5 Contact with falling object – other


PROBABILITY OF FATLITY PER YEAR OF EXPOSURE


% Intervals


5% to 50%


Mean to 95%
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ORM Pro Version 0.8.17.206 [*EXAMPLE FINAL REPORT_6.MDB] run by yannisp
e Heb
Exposure | Workplace Questons Calculation | optmisatn Calclaton |

Company risk  Individual risk per year | Individual risk per mission |

==l x]

Corpenters =
Current Risk Comparison
DNA Risk Results =
B save B8 Export @ pelete | @ peleteall
Exposure frequency | Fatality | Permanent [Recoverable] | Fatality | Permanent [Recoverable
sk per | injury (per | injory (per | | (rsk per | injury (per | njury (per
Vean | yean | yean Vean | vean | vear)

- Carpenters
- Total risk
- Background risk
£ Occupational risk
- 01111 Fall from height - Placement ladder
01113 Fall from height - Step ladder o steps
- 01.12.1 Fall from height - Working on mobile scaffold
++ 01.12.2 Fall from height - Working on fixed scaffold
 01.13.1 Fall from height - Roof
~ 01.13.2 Fall from height - Floor
- 01.2 Fall on same level
034 Contact falling object - Manual Handling
03,5 Contact falling object - Other
041 Contact flying object - Machine or handheld tool
- 04.2 Contact flying object - Object under pressure or tension
+ 04.3 Contact flying object - Blown by wind
- 06.1 Contact object carried or used by other person - handheld tool
-+ 06.2 Contact object carried or used by other person - NOT handheld tool
07 Contact handheld tool by self
0811 Contact Moving Parts Machine - Operating
++ 08.13 Contact Moving Parts Machine - Clearing
- 25.1 Bxtreme muscular exertion - handiing objects
25.2 Extreme muscular exertion - moving around

Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week
Once per Week

Calculate Calculate DNA

Fatalty
Permanant Ijury
Recoverable jury

Thresholds——————————

& show

C Hide

[ edit thresholds
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