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Objectives of this Section

*To define the basic

terminology  of  the

subject area. il a il
Al lallaiadl) Cay e
Jladll 13

*To outline the reasons — dsd=ied iz
by 5 5 e Jandl

for a safe and healthy *>°<="

workplace.
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Terminology

What is safety

*Freedom from those conditions that can cause
death, injury, occupational illness, damage to or loss

of equipment or property, or damage to the
environment.

e Safety = protection of environment from the system.

* Security = protection of the system from the
environment.

o But, environment is a s¥stem as well. So both safety and security
represent a protection of one system from another...

oSafety is about communication at all levels.
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Environment

v
System

Security
= protection against
— AtleCKS
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Environment
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Safety

= doesn't cause harm
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Terminology

* Hazard : A physical situation with potential to cause harm. Harm including ill health
and injury, damage to property, plant, products or the environment, production
losses or increased liabilities.

* Risk : probability x consequences of an undesired event occurring.

Means the likelihood that a specified undesired event will occur due to the realisation
of a hazard by, or during work activities or by the products and services created by
work activities.

* Accident : Undesired circumstances which give rise to ill-health or injury, damage
to property, plant, products or the environment; production losses or increased
liabilities.

* Incident : Undesired circumstances and ‘near misses’ which could cause accidents.
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Hazards/Danger

Observable or predicted from knowledge

J
Risk

Not directly observable - probability of harm to system elements being
realised from exposure to hazards and danger.

N2

Harm

Damage to system elements - long or short term

J
Accidents

N

Injuries Ill-HealthDamage
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Biological Hazards

Chemical Hazards

Physical Hazards

Safety Hazards

Ergonomic Hazards

Psychosocial Hazards
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ERPIC

Error avoidance;

The Concept of Safety

The ‘control of accidental loss’ ;
Zero accidents or serious incidents ;
Freedom from hazards, i.e. those factors which cause or are likely to cause harm;

Attitudes of employees towards unsafe acts and conditions;

and Regulatory compliance.

Error avoidance is crucial for maintaining a smooth workflow. Follow these steps:

Understand the common mistakes: Be aware of typical errors in your field or industry to anticipate
potential issues.

Implement quality control measures: Establish checkpoints and review processes throughout your
tasks to catch errors before they escalate.

Seek feedback and ask for clarification: Communicate effectively with team members and
supervisors to ensure clarity and address any uncertainties promptly.

Utilize technology tools: Use software programs and platforms designed to detect and prevent
errors, such as spell checkers and data validation tools.

Conduct regular training sessions: Keep your team updated on best practices and techniques to
minimize errors and improve overall performance.

Executive
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What is Safety?

*The state in which the possibility of harm to
persons, animals, property and the environment is
reduced to, and maintained at or below, an
acceptable level through a continuing process of
hazard identification and safety risk management.
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Reasons for Preventing Accidents

There are three main reasons for preventing accidents
and ill-health.
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Moral / Humane

J o cladl Jaadl ) ol aal Y sl / ANl g

No-one comes to work to be injured or killed
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Accidents cost organisations money

e.q. Piper Alpha — 167 people killed — estimated to have cost
over £2 billion including £746 million in direct insurance
payouts.

CalSill — ) 18 Lads 167 — 7l Ll 458 ;e 2
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Accident Costs ‘Iceberg’

Insurance Costs

Covering Injury, ill
£1 health, damage =

C
£ 8 _ 3 6 Uninsured Costs

Product and material
damage.

Plant & building damage
Tool & equipment damage.
Legal costs

Expenditure on emergency
supplies.

Clearing site
Production delays

Overtime working and
temporary labour

Investigation time.
Supervisor’s time diverted
Clerical effort.

Loss of
E p I c expertise/experience HS E
Health & Safety
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Legislation
Organisations have a legal obligation.

In the UK — Health & Safety at Work Act, 1974 and associated
Regulations

e.g.
Management of Health & Safety at Work Regs 1999
Quarry Regulations, 1999
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Safety Management System
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1. Safety Policy — Establishes senior management's commitment to continually improve safety; defines the

methods, processes, and organizational structure needed to meet safety goals

[}

o

[}

Establishes management commitment to safety performance through SMS
Establishes clear safety objectives and commitment to manage to those objectives
Defines methods, processes, and organizational structure needed to meet safety goals
Establishes transparency in management of safety

= Fully documented policy and processes

= Employee reporting and resolution system

= Accountability of management and employees
Builds upon the processes and procedures that already exist

Facilitates cross-organizational communication and cooperation
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Health, Safety And Environment (HSA)

CEGCO places the highest priority on making safety our way of lifa. It is the top priority for all CEGCO people, contractors and communities, and it is one of our most important
value across our culture, businesses and daily operations. Every CEGCO employee has the power and authority to stop any activity that is perceived te be unsafe,

The main goal of CEGCO is to improve lives by providing safe, reliable and sustainable energy. We aim to achieve 100% commitment of every staff member and contractor to
comply with our safety procedures and this is the way towards creating World Class Safety Culture,

There are four CEGCO Safety Beliefs that are in the core of the CEGCO Occupational Health and Safety Management System:

s Safety comes first for our people, our contractors and the individuals in cur communities, and all the activities need to be conducted in a safe manner that promotes
personal health, safety and well-being,

» All occupational incidents can be prevented.

» Working safely is a condition of employment at CEGCO and each individual i responsible for its own safety as well as the safety of their teammates & the people in the
communities in which we work

s All CEGCO people and contractors have the right to stop the work if they identify an unsafe working condition or an unsafe act

(CEGCO) has developed and implementad Environmental & Health and Safety managemeant system to demonstrate its ability to control Environment & occupational health
and safety through the effective application of the system, including continual improvement. The Environmental & health and safety management system complies with the
requirements of the international standard 150 14001:2015 & OHSAS 18001:2007.

CEGCO has fulfilled this requirement by establishing Environmental Aspect Identification & Hazard Identification, Risk Assessment and Risk Control procedures and ensuring
the effective implementation of HSE procedures; to ensure continuing suitability, adequacy, and effectivenass, and to identify any possible failures or breakdowns, as well as
opportunities for improvement.

This OHSAS18001:2007, 150 14001:20045tandardsas a part of Integrated Management system (IMS) is intended to address occupational health, safety and Environment in
CEGCO Head Office & Power Stations: Agaba Thermal Power Station (ATPS), Rehab Power Station and Risha Power Station sites and activities and to all CEGCO's contracts as
operation and maintenance service provider..

Operational control and implementation of the Occupational Health, Safety and Environmental Management at our plants is done through a series of planned inspections,
safety walks and audits. These activities aim to provide control, independent assurance of implementation and effectiveness and compliance of the adopted health, safety and
environmental measures with the current legal regulations and CEGCO Corporate standards.,

CEGCO sets annual safety goals, which include the number of walks and inspections, number of H3E observation every staff member is obliged to carry out. In addition, set the
| TI tarpater rata.
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» Fundamentals of Safety

» Safety Managemenf System
» Components of SMS

» Legislation
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ACCIDENT AND THEIR
EFFECT
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1. Differentiate between direct costs and u’)”f’u{ <3l sl ;qm‘y\. L
indirect costs; O3S O g o gmsall 18 Al
rle 158

2. ldentify the main causes of workplace BJ“""P‘“M Sl G Sl 1
accidents; ¢ yilaall ye ;
Gl gall A Hl QL) aaa5,2

3. Analyze the types of workplace acudenté’“’d\ Oe
which cause injuries Gt Gl Gl sall o153 Jilas, 3

and death; ¢Jardl (SLal 8 il g 5 cililial

4. Calculate the total of average cost for eiciysl! A58 e JOER 411;

accident case given; e Dl gall JU padli 5

and Ciluss ‘gall

5. Summarize the effects of accidents on
organizations.



ACCIDENT AND THEIR EFFECT
4.1 Cost of Accidents

4.2 Accident Causes

4.2.1 Work Environment Factor
4.2.2 Equipment Factor

4.2.3 Worker Factor

4.3 Death and Injuries Caused by
Workplace Accidents

4.4 Accident Cost Estimation

4.5 Effects and Accidents on
Organizations

Summary

Eal gal) 445 41

Gl sall Clanl 4.2
Jardl iy Jal e 4.2 1
Glazall el e 4.2 .2
Jaladl Jal s 4.2.3
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Most workplace accidents are caused by similar fe“gtor .
d these incident tually b ted. ¥ el s 25
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Accidental Vs. Other Causes of Deat

There are more yearly deaths of heart disease, cancer &

strokes than from accidents :

* But concentrated among people at or near retirement age

| Accidents 27,500 |
Cancer 20,300
Motor vehicle 16,500
Heart disease 16,000
Poison (solid, liquid) 2,700
Drowning 1,500
Falls 1,100
Fire related 900

Note that for persons from
25 to 44 years of age, the
leading cause is accidents.

Accidents are a serious
detriment to productivity,
quality & competitiveness

in today’s workplace
Figure 2-3 Causes of accidents
(ages 25 to 44 years, typical year).

Accidents are one cause of death & injury
that companies can most easily control.



ST 2 Sl sall
4.1 COST OF ACCIDENTS e
There are 2 types of costs related to workplagesl) s dlull CallKile
accidents, namely direct costs (insured costs{‘a#r

indirect costs (uninsured costs). e ) bl e callSslle
\(Le—)lc (5 5l

Direct costs are costs such as claims and medical expenses paid to workers directly
affected by an accident. The rate and method of payment are predetermined. - ala) e dlli 5 ks

Indirect costs include all the other unexpected costs related to an accident, such as US 3 ool }f <3l sl o
wages paid to unaffected workers despite stopping work caused by the accident, 50) gl &2 B ENEPRPIT N
cost of property damage and raw material, additional cost for overtime, and soon. | aladl LgBlows (paiia
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A proper perspective on economics of . ] B
@A;J Ld) Ll | ydanll
workplace accidents can be gained C“_..m\. en Ui;y‘ ‘f 3@3‘ éu Sl sal
by viewing them in the overall e 150 i pm sasiall iy S s

context of all accidents. 5 aYI728 L) a5
e Overall cost of accidents in the Ol G a37 P52 ssiall

US 1s about $150 billion Crelill 31312440kl Cilsali4 8 Jazl)
Gl gl 8J el Ehal 4229
‘ ' Wages lost $37 . - £ -
Motor vehicle éCCldents §72 g CilSliaall ) jual] 2dalall
Workplace accidents 48 Medical expenses 4 o , "o
s andants 8 Insurance administration 29 J-\LHAJ\271 Od—’)éj‘ )—\M(C—’U\:\J‘)
Public accidents 12 E:;plzzzeiamage IR f; -2 M\23M\ <l jéj 3 )_.2\_\.4]\ )—tc
i : . Indirect losses for work accidents 23 SERENY &}’ o ‘LJ‘JAJ‘ “—“S... LS5 1
igure 2.-1'Acc1(.1ent co;tsbyacudent . . . a oyl ol S 1
e bl e Figure 2-2 Accident costs by categories -2 JS....J\ : (@ij eb Lé cL_i\) - b)
(in billons, in  typical year), Al Cas jéj‘ —aallss 2

Accidents on and off the job cost Ug> 2> (e ple 2 il lell)
industry dearly Acliall IS5 daall 7 8 5 Jala
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ACCIDENTS .o LSl B )l sal

Category s
1. Wage losses A RS el S

Slal (8 &l 3 paleall
2. Medical expenses 16 US ) Cy = e il
A el A sa Jaall
3. Insurance 19 Ladd Allaay) |
administration UJMJ G@Auw\ Al Ll
4. Property damage 18 d—“ €0 s )—tc

oSlatiall 82 53 e
6. Other costs Oalalall O s (alisile

In general, direct costs of workplace accidents involve only about
1/5 of the total accident costs.

The remaining are indirect costs such as productivity loss, lowered
output quality of goods, and low morale among workers. o



Prevention is better than cure.
Lokl e A 448

This saying is very true when 4%kl Ba xisia Jgall 12a
implemented in the field of occupational 4sall g 43l 3l Jlaw 3
safety and health management. Anigall 9

Employers are responsible for providing sle 3_kaadl zali yi b ¢ 4 g e
a workplace accident control and 4w A e Al 5 ) gall

prevention program that consists of; (el g o Janll

- training courses, Ay X Gl gae

- seminars and ¢ gaie

- purchase of safety equipment for «Jleall L3l Cilaza o) jlo
workers Olels aglas ¢lal (e | siSaty Jine

agilin ol aginia (g el ()53
so that they can carry out their work . b3l
safely without risking their health or lives.
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4.4 ACCIDENT COST ESTIMATION

However, some employers

think that such programs are 21y xa 550l gal) A8IST a8
expensive, or that they can do O derdl Glaal (jany atiny
without them. «alll Adaaly ol jull 020 Jia
1) e eLiniul) agiSa 4l
If you were an occupational Al (e Y gane S
safety and health officer, you OsSid (Ayigal) daall
would be responsible for 28 Uad il e Y s5ase

proving that this view is wrong: 1B\
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Class 1 accidents: Lost workdays, permanent G jall Qlile Yl 5 cdailal

partial disabilities, and temporary total ISl lEle Y 5 cdadlall
disabilities. z okl 12 dsall & g 458 50l
sliie z HA b Jd (1
Class 2 accidents: Treatment by a physician -3 adll &l ga 4K )3
outside the company’s facility. Glaa Ladial) 430 Y1 cililasy)
Class 3 accidents: Locally provided first aid, e Jal Oyl j < ¥ s2100

property damage of less than $100, or the

CB g e Dlele Sl
loss of less than eight hours of work time. ol s

Gl 4 22al) By a Sl

. o . i Y L) da ol dduslal
Class 4 accidents: Injuries that are so minor that L. .
they do not require the attention of a SV g5 ) Ak e )
physician, result in property damage of $100 100 4wty CilSlieaally )yl
or more, or cause eight or more work hoursto & il j USST j Y 92
be lost. o Jae el il (s

s
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The next step involves calculating the uninsured costs by using the
classification proposed as shown in table below:

B . \
Class R

1 Lost workdays, permanent partial disabilities,

"

S O
and temporary total disabilities. il
. : <)
2 Treatment by a physician outside the company’s ) ,
- (o 3all e
facility.
3 Locally provided first aid, property damage of ‘ L
less than USD100 (RM340) or the loss of fewer o -
: : il
than eight hours of work time. §
Slonta
BEREN

4 Injuries that are so minor they do not require
the attention of a physician result in property
damage of USS100 (RM340) or more, or cause
eight or more work hours to be lost. 13



In order to determine the average

cost of workplace accidents, Simonds cual ga 4al<S Jais gie Baadl
recommends that each organization 3 gcuws s (Jaall 184
keeps records of the cost of accidents ¢:Maww daaic JS Jadiag oL
during a specified period not covered by 3 yid JMA il gall 4l
insurance, based on the classes stated in ¢ il A gadin & B3
the previous table. & 3o sSAl ) e gl

For example, the costs of class 1 i (e Gl Jsaal

accidents may be recorded for a period ‘4-‘5\5-‘ d-m-“-‘ Sy ¢ JUEA
of six months. A Baal 1 4l QD ga

IS 28K Lo gia 2a ), gl

- Find the average cost per accident by &u*y\. el dandy ks
dividing the total sum with the number bl 8 Sl sall 220 e
of accidents in the specified period. sl

14



4.4 ACCIDENT COST ESTIMATION

The following Table will help you to understand the estimation of indirect
accident costs for class 1.

The Number of Class 1 Accidents from January to June 2004

Cost 1 200.00 500.00 97.00 453.00
Cost 2 150.00 200.00 25.00 58.00
Cost 3 150.00 375.00 - 97.00
Cost 4 - 1,500.00 - 2,530.00
Cost 5 - - - -
Cost 6 83.00 15.00

Average Cost = Total cost of accident / number of accidents
per Accident =S (500+2,575+205+3,153) /4 =5 1,608.25



* Lost work hours (total number of lost hours for
the period multiplying the hours times the
applicable loaded labor rate)

** loaded labor rate is the employee’s hourly rate
plus benefits. Benefits vary from company to
company but typically inflate the hourly wage by
20 to 35 percent).

* Medical costs

* Insurance premiums and administration
* Property damage

* Firelosses

* Indirect costs

ployee Hours Lost (4th quarter]) % Average Loaded Labor Rate = Cost
386 x 13.48 = $5,203.28

failaall el ae )
darll Jaza (A U5 puiaae 5 idll
Jandl Jane **(Gudaal) Jasall
Cabh sall jad Jaze s Jasll
) Al dclull,

A< 5 e Ll el Calias Ly gl
Lo Sale LTy o5 a1
douiy deludly Yl A
sl (25l 35 LY 20
Ol Lalodld
LA ) pals oY)
PSS LSRN

dxiliall Jaall cilelus pdliall
X (& @l) G5l

= 13.48 x 386 4l
1Y 92 5203.28 °



4.5 EFFECTS AND ACCIDENTS ON ORGANISATIONS
Organizations nowadays take a

serious view of workplace accidents. S8 b il yal) 32k

This is bece?use. wgrkplace accidents Tl e Ul U
have negative implications on the o ) i Y Gl

organizations, which in turn reduce Gyl e i Al |5

their  competitiveness in  the b Fanslil] L ) Canaca) L

market. .
Gl
e GV 028 (e
Among these implications are: oLzl Cadl<alle
(a) Operational Costs 5 ) LISl

(b) Legal Costs
(c) Motivating Workers
(d) Boosting Organizational Image

Jleall jrascie
dawngall B ) a3 jalle
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(a) Operational Costs

Accident costs include:

- medical costs of workers injured in the accident,

costs of insurance premiums which must be borne by the
organizations,

costs of accident investigation,

costs due to absence of workers affected by the accidents,
costs of productivity loss, and

the costs of training workers who are replacing the workers
displaced by the accident.

When the accident rate increases;
- accident prevention programs must be implemented
- these programs may add substantial amounts to the
overall
costs. 18
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4.5 EFFECTS AND ACCIDENTS ON ORGANISATIONS

(a) Operational Costs ol JS Ciiad oSay
All these costs can be avoided if only — aie a3 L 13} Caddlsall
accidents can be prevented, and this  J3& (e &by il sall
can be achieved by inculcating a safe Al Jue A8E Fu 53

work culture. ee clld (gaady
(alxlle

That means education, training and  «ou_ille

adhering to safety procedures. Gilel jabs ol 3ilYle
Aol

Ultimately, management  is a8 cdlhaall doles A ge

responsible for creating a safe and &l e ddysll

healthy work environment. des 4 Glasal 3 laY)

Aaa g 4l
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4.5 EFFECTS AND ACCIDENTS ON ORGANISATIONS

(b) Legal Costs

When an accident occurs at the workplace, enforcement agencies

such as the:

i. Occupational Safety and Health Department (DOSH),

ii. Department of Environment (DOE)

iii. Fire and Rescue Department (Bomba & Penyelamat)

- will conduct an investigation into why the accident happened
and what could be done to prevent a recurrence.

The penalty imposed might be in the form of
. summonses,
ii. an order to close the premises,

iii. or worse still, an order to cease operation altogether.

21
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4.5 EFFECTS AND ACCIDENTS ON ORGANISATIONS

(b) Legal Costs
According to the Occupational Safety and Health Act 1994, both

parties involved
- the employer &

- the employee
are jointly responsible for ensuring that a safe work method is being

practiced.

It is very important for both parties to understand and fulfil their
responsibilities stated in the act in order to reduce the adverse

effect of workplace accidents.
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4.5 EFFECTS AND ACCIDENTS ON ORGANISATIONS

(c) Motivating Workers
Implementing occupational safety and health aspects at the
workplace can be a motivating factor to workers.

Workers who work in a safe and conducive environment will feel
happy and will be motivated to perform their tasks more effectively

and efficiently.

Such environment will also encourage workers to be more
committed.

25



Jloall Bz Inaie 0550 OF Sy Joal Ay (3 digoll domally oMl Cilga (Gadas

5;\.&&3 L}A@.UJST &éb p.GJJJ L)}iéj cO.)L’.MJLJ QM zbu.ubwj Lal 2\5.;\.: L} Q}l.wt;: u..gu\.” Jlas!
Adelag

Ao §al) AST elaisY g ALY e cphalall aoxiid &l o



4.5 EFFECTS AND ACCIDENTS ON ORGANISATIONS
(d) Boosting Organizational Image

When the rate of workplace accidents is low, workers will feel safe.

This in turn will boost the image of the organization among the
public and will attract more job seekers.

Good corporate image will be a major ‘selling point’ to win over
potential employees, thereby cutting down on the tedious
process of recruitment and worker selection.

Moreover, the reputable organization will be able to hire more
appropriate and more qualified candidates who may come forward
on their own to apply for jobs.
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4.5 EFFECTS AND ACCIDENTS ON ORGANISATIONS

(d) Boosting Organizational Image

In addition, the surrounding
community will also respect and
support the efforts of the
organization to improve its work
safety and health standards.

In the long run, goods produced or
services rendered by the
organization will be of high
standards, whether in the local or
international market.
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Time Lost Because of Work Injuries

o An important effect of accidents on industry is the amount
of lost time due to work injuries:

* Assessing the effect of accidents on industry (the amount of
lost time due to work 1njuries).

* About 35 million hours are lost in a typical year

o Additional time is lost for medical check-ups after the
injured employee returns to work

* Accidents 1n previous years often continue to cause lost
time 1n the current year.
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4.2 ACCIDENT CAUSES

Workplace accidents are not a normal
problem that can be taken lightly. sl Jandl S S pa

. el oS dale AlCA
Acudents may cause companles . .

. uA c_m\jaj\ 02D (i) Jad
operatlons tO, ‘le)ﬂ‘ uﬁ Q‘,] { U -

halt; e ;
L.\.\HM“ .bs“J u_A \‘9“‘ ‘9& u ‘5\

evedn worse, they may cause death Al Yl ol sl gl

an | i

uj‘ S5 uh.u\ sac Sl
e ecliayl ) gal

. L)
. There are several causes of accidents andM\

injuries such as:

(a) Work environment factor;
(b) Equipment factor; and

(c) Worker factor.

damage the environment.

Ay Jalse, 1
Gzl Jal 52,2
(A Jalal) (55l Jalall,3
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L
Accident Causation

Organization Workplace

= Accident

e

—
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Fig Incident /
Accident
- _ _ Degradation /
Error Deviation Amplification Breakdown

Operational Errors — Investigation of major
breakdowns
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e
Effective Safety Reporting

Effective safety reporting builds upon certain basic attributes, such as:

a) strong emphasis on hazard identification as part of the
strategy for the management of safety;

b) realistic view of the hazards faced by the organization

c) support active hazard reporting, ensuring that key safety
data are properly registered, demonstrating a receptive
attitude to the reporting of hazards, and implementing
measures to address the consequences of hazards;
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e
Effective Safety Reporting

\
d) key safety data are properly safeguarded and
promotes a system of checks

e) Personnel are formally trained to recognize and
report hazards and understand the incidence and
consequences of hazards in the activities supporting
delivery of services; and

f) There is a low incidence of hazardous behaviour,
and a safety ethic which discourages such
behaviour.
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Strategies to Controi Operatlona‘ Errors

Y
1. Reduction strategies

Human-centred design;

ey 8 aSail) il il
(Lemiail) Clasl jis) 4l

Training.
. . (L_i‘u\.a.n.\:}” JP PR ?73'“4"
Checklists; Baleall Sl (tdanl yall
Task cards; & ISl (bl bl i
3. Tolerance strategies WSl Gl Slilee (s ¢l

system redundancies; and

structural inspections.

39



4.2.1 Work Environment Factor

How would you feel if you had to work in an untidy, noisy and
disorganized environment such as the one shown in the Figure

below?

Would you be able to give your full commitment and fully focus on
your work?

Jie dadaia pe g cddlia 4 gia g8 A0y

e JASl Sl e 19506 ¢ oSt Ja
Cellac

Jaladl elal e Gla 558 daaaall e 43

An unhealthy working environment
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4.2.1 Work Environment Factor

The environment factor includes the problem of disorderly
placement of equipment and tools,

- which might hinder human movement around the workplace,
hence increasing the likelihood of an accident.

Insufficient lighting and poor ventilation may cause:
- visual impairment

- and breathing problems respectively, in the long run.

In addition, unhygienic and untidy surroundings will reduce one’s

ability to perform his duties properly due to environmental
discomfort.
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4.2.1 Work Environment Factor

The use of hazardous substances without adequate protection
and proper handling,

- whether they are used as raw materials or

- intermediate products, not only will harm the workers but will
also cause pollution to the entire vicinity, including the public.

Air pollution from factories

43
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4.2.1 Work Environment Factor
Besides that, how the handling of hazardous work processes

is identified, managed and controlled may also be a factor
leading to workplace accidents, particularly in the
manufacturing industry where a wide range of chemical
substances whether organic or inorganic are used.

Such pollution will no doubt cause health problems to workers,
which in turn cause production downtime and other losses.

Lol 5 Lapaasis 3 yadll Cililaxl) - Jaladl) 08K ld SIS
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4.2.2 Equipment Factor

In the manufacturing sector today, sophisticated equipment such
as robots and automated machines are used to produce
goods.

These machines are cost- effective and efficient.
However, they may potentially become a cause of accident,
as they still require human assistance to ensure that they

operate properly.

Human error in this case may introduce new risks, despite all
the necessary precautions taken to ensure smooth operation.
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4.2.2 Equipment Factor

On the other hand, obsolete machines and machines subjected to
continuous use (Figure 3.3) may also lead to breakdown caused by
over-use, resulting in accidents.

Operating machines and equipment in an unsafe and inappropriate
manner will only lead to accidents.

Sometimes, the machines themselves are left in an unsafe condition
when they are not fitted with adequate safety devices, such as a
proper guard, thereby increasing the potential to cause accidents.

Usage of machines continuously,
increases the risks of accidents
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4.2.3 Worker Factor

Each work system involves 3 elements; . | _iic 3 0 Jee Al o () 5Sy

I.  Human Adgl) — AV — sy

ii. Machine (b)) (sl Jaladl yiind

iii. Environment. Y oyl s 4y caal) yuaisll
el Sl S

The human (or worker) element is the ) all Qlead fe Guaall e

most important element, as without gl Jaladl e 35S 5l Cany
this, the work cannot be completed. <L ¢ual ga o ot ) S

Uzl
When talking about accident causes, the
worker factor must be discussed as a
main cause of workplace accidents.
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4.2.3 Worker Factor

4 factors how the human factor may cause workplace accidents.

i. Worker Negligence

ii. Insufficient Training and Work Information

iii. Age and Current Health Conditions

iv. Failure to Follow Employer’s Rules and Instructions

6 e 5080 o el (S S el el
) gal)
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4.2.3 Worker Factor

No | Cause _ Explanation

1

Worker
Negligence

Workers are the closest people to the task being
performed.

They know the  work process, the
substances used and the accident risks associated
with the task they perform.

Accidents often occur when a worker is negligent
during the course of his work, e.g. not using
safety boots while working at a construction site
where foot injury caused by falling objects is
highly probable.
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4.2.3 Worker Factor

No_ Cause Explanation

2

Insufficient
Training

&

Work

Information

The failure of the employer to provide training
and information on how the work is to be
performed may lead to accidents.

For example, workers who are not trained in
electrical wiring may cause electric shock to
himself or his co-workers during the wiring
process.
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4.2.3 Worker Factor

No_ Cause Explanation

3

Age

&
Current
Health

Conditions

When a worker is recruited, there are several
things which must be taken into consideration,
among which are his age and health.

Failure of the employer to detect an existing
disease suffered by the workers (such as heart
disease and hypertension) may also contribute
to accidents.

For example, if a worker has a heart problem
and continues to work in a strenuous
environment, then he is prone to getting a heart
attack compared to a healthy person.
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4.2.3 Worker Factor

No Cause Explanation

4

Failure to
Follow
Employer’s
Rules and
Instructions

Workers sometimes, whether intentionally or
not, fail to follow rules and instructions from
their supervisor/employer.

For example, a worker might forget to wear
safety boots and hard hats in a factory, and face
the risk of stepping on a sharp object or being
hit by a falling object.

His failure to observe safety rules and
procedures may cause harm to himself or their
co- workers.
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4.3 DEATH AND INJURIES CAUSED BY WORKPLACE ACCIDENTS

In general, there are 8 types of accidents which will lead to injuries
or even deaths, some of which are shown below.

1. Overexertion B Sl gl e gl sl 8 Alia cale ISy
2. Impact Accidents Lo lebas b5 (a5l llaa) ) (05
3. Poisoning b
4. Falls Bl el
S Fire Cileaall e Aaslill ¢l salle
6. Motor Vehicle Accidents panille
7. Suffocation b saudle
. 8. Firearms G oale
LS yall Ehal ge
iy le

ALl ALY alaatiole
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4.3 DEATH AND INJURIES CAUSED BY WORKPLACE ACCIDENTS

No_ Type of Accident

1. Overexertion The result of employees working beyond
their physical limits.

2. Impact Accidents Workers being struck by, or strike against,
an object. For example, a worker being
struck by a machine

3. Poisoning Poisoning is caused by chemical
substances whether gases, liquids or
solids.

Hazardous chemical substances are
harmful to humans if they enter the
human body through inhalation, injection
or skin absorption.
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4.3 DEATH AND INJURIES CAUSED BY WORKPLACE ACCIDENTS

No_ Type of Accident

4. Falls For example, a worker who falls from the
roof of a building, falls into a drain,
stumbles and falls due to a defect in the
walking surface.

5. Fire Injuries and deaths caused by fire, toxic
fumes, falls, impact from a falling object
due to fire at the place of work.

6. Motor Vehicle Motor vehicle accident is the main cause
Accidents of injuries and deaths at the workplace.

It may be work risk if the person works as
a driver or it can occur to workers on their
way to or from their place of work.
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4.3 DEATH AND INJURIES CAUSED BY WORKPLACE ACCIDENTS

No_| Type of Accident

7. Suffocation Suffocation can be work-related or non-
work related.

Suffocation can occur in the water
(drowning) and also on land due to lack of
oxygen.

8. Firearms Injuries and deaths caused by firearms
such as armed robbery, negligence while
using firearms and violence.
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4.3 DEATH AND INJURIES CAUSED BY WORKPLACE ACCIDENTS

Based on report from SOCSO Malaysia from 1999 to 2003,
Industry Accidents are as follows:

Manufacturing

Trade

Civil Service
Construction

Services

Transport

Agriculture, fishery and
forestry

Electrical, Gas, Water &
Cleaning Services

9. Mining & Quarry

10. Financial & Insurance
Institutions
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4.3 DEATH AND INJURIES CAUSED BY WORKPLACE ACCIDENTS

Industry

2001

Reported Reported Reported

1. Manufacturing

2. Trade

3. Civil services

4. Construction

5. Services

35,642 33,523
13,774 192 13,685
7,487 136 8,140
4,593 39 5,015
5950 106 5,924

134
141

38

37

23,319
8,826

4,334
4,134

3,952

102
92

72

65

68



4.3 DEATH AND INJURIES CAUSED BY WORKPLACE ACCIDENTS

Industry Reported

6. Transport 4,382
7. Agriculture, Fishery 12,424
& Forestry
8. Electric, gas, water 447
& Cleaning services

. 9. Mining & quarry 573
10. Financial &

602

insurances Institutions

o Reported

75

13

4,439 3,218

9,456 69 6,501 52
516 14 448 11
545 12 389 8
567 9 388 7
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e
Parts of the Body Injured on the Job

0 To develop/maintain an effective safety & health program, it is also
necessary to know the parts
of the body most frequently injured.
* 1998 disabling work injuries totaled about 1.75 million.
* 10,400 fatal & 60,000 resulted in some permanent impairment.
O Injuries to the back occurred most frequently.
 Followed by thumb & finger injuries and leg injuries.

O Frequent injury rankings show that a fundamental component of a
safety & health program should be instruction on how to lift without
hurting the back.
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Accidents and Cost of Injuries in Jordan

(Sl D) § I 2l oLl ar § Sl Sy ) o) 31y Lol 13,7 g

2009-2005
2009 2008 2007 | 2006 | 2005 3
16606 18383 | 17385 | 16640 | 14738 ) 231 gy LYl 3
1493082 | 2884554 | 2845528 | 1175611 | 666787 Sl 3l
96180 | 162946 | 174343 | 83264 | 59903 i oLl s
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2012 - 2008 ¢ Flozr¥l Olaall 2 IS pdadl Sliaadl & DUl ATy omnad! Jodll 3155 o) 13 .4 Jyur
Table 4. 13 Registered Work Injuries and Accidents and Cost of Injuries in Establishments

No. of registered injunies and accidents

Cost of injuries

No. of absence days

a

16589

4800000

115899

16128

16994

1980820

101523

ed in Social Security. 2008 - 2012

16606

1493982

86180

18383

2884554

162946

Aol sty DLy sas

Shlay WS

Source: Social Security Corporation

*: Changes in the figures compared with previous years are due to the vanation

in the methodology of the calculations
-2 Data not available from the source

P e e e

guli,wdbldgaﬂw;;bhlop(u)’m*ﬂ:'

Pl e By pE DU -

73



et BN O e Sl Oladl] 3 85 m2d) DLl 3 el &3 g2 5 SLo) 2.3.7 J g

2009-2005
2009 | 2008 | 2007 | 2006 | 2005 il Loy OIS
2199 | 2453 | 2431 | 2360 | 2211 A
84 0 0 0 0 i3 )
815 | 911 | 1061 | 1487 | 1284 il
387 | 446 | 356 | 300 | 235 Bl cLae Yy g Ak
| 7246 | 8068 | 7836 | 7286 | 6496 Lkt 31 LY ]
L 4617 | 5029 | 4799 | 4337 | 3800 i L
0 0 0 7 24 diga o)l
1258 | 1476 | 902 863 | 688 x5 el
16606 | 18383 | 17385 | 16640 | 14738 § 3o

74



S| e Pl N Ol B A5 el STeall (8 Al 0 Leall S0l g g DLl 3.3.7 J s

2009-2005

2009 2008 2007 2006 2005 ]
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Chemical Burn Injuries

0 The greatest incidence of chemical burns, about one-third, occurs in
manufacturing, with the rest in services, trade, and construction.

* Acids & alkalis; soaps, detergents, cleaning compounds.
* Solvents and degreasers.

* Calcium hydroxide (used in cement & plaster).
 Potassium hydroxide (drain cleaners, etc.).

« Sulfuric acid (battery acid).

O Many occur, in spite of personal protective equipment, safety
instruction, and available treatment facilities.
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Chemical Burn Injuries

O Strategies recommended for safety & health professionals, for
preventing chemical burn injuries:

 Familiarize yourself, workers & supervisors with the chemicals to be used and their
inherent dangers.

* Secure the proper personal protection equipment.
« Provide instruction on proper use of equipment.
* Supervisors confirm equipment is used properly every time.

* Replace personal protection equipment when it begins
to show wear.
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Heat Burn Injuries

O Almost 40% of heat burn injuries occur in manufacturing every year.

» Most frequent causes are flame (also smoke inhalation), molten metal, petroleum
asphalts, steam & water.

O Employees should be familiar with hazards, know the appropriate safety
precautions, and have & use the proper personal protection equipment.

O Safety professionals should monitor to ensure that safety rules are being
followed, personal protection equipment is being used correctly,
and that it is in good condition.
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Heat Burn Injuries

O Factors contributing to workplace heat burn injuries:
« Employer has no health & safety policy regarding heat hazards.
« Employer fails to enforce safety procedures & practices.

« Employees are not familiar with the employer’s safety policy and procedures
concerning heat hazards.

« Employees fail to use, or improperly use personal protection equipment.

« Employees have inadequate or worn personal protection equipment and/or poorly
maintained tools and equipment.

* Employees work in a limited space, attempt to work too fast, or carelessly.
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SUMMARY

Workplace accident is an event that cannot be totally eliminated.

The efforts of occupational safety and health practitioners are
merely to reduce the number of workplace accidents.

Apart from that, these efforts are also aimed at reducing the number of
fatal accidents and accidents that can bring both temporary and
permanent disabilities to victims.

Workplace accidents only lead to financial and human losses.

In reality, the indirect costs due to accidents are higher than their direct
costs.

To prevent such losses, accident prevention programs must be
implemented by organizations so as to fulfill their occupational safety

and health responsibilities. N
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Thank You
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* Occupational Safety and Health Administration

* The National Examination Board for Occupational Safety and Health
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Difference between
NEBOSH, OSHA & IOSH

nebosh

NEBOSH
“National Examination Board
in Occupational
Health and Safety

NEBDSH is a UK-based independent
examination board delivering
vocational qualifications in  heaith,
safety & environmental practice and
management

NEBOSH does not deliver courses. It
develops  syllabuses for its
qualifications and sets methods of
assessment, such as examinations
and practical coursework. Courses
are delivered by NEBOSH Accredited
Course Providers ke our Institute
QHSE International.

NEBOSH is a glebally recognized
qualification in Health Safety and
Environment. The course is intended
to provide Managers, Supervisors
and Employees who require a broader
knowledge of risk management and
undesstanding of health and safety
principles and practices

For some, it is the first step towards a
life-long carees in health and safety.
For others, it forms part of an
important set of quakfications that
brings them accomplishment and
advancement at any chosen held.

OSHA “Occupational
Safety and
Health Administration”

QSHA is a regulatory and compliance
body of health and safety in the United
States of America in which offers a 10
hour and 30 hour awareness classes
for workers on OSHA regulations and
standards related to different jobs at
the  workplace. For  example
excavations, working at height and
other related matters. OSHA issues a
wallet size card to all participants
such as workers, supervisors, etc.
OSHA is no longer issuing any cards
10 any trainees oulside the United
States of America since 2010.

OSHA training pragrams are intended
for workers within the agency's
geographic  jurisdiction.  These
locations include the 50 U.S. States,
the District of Columbia, the
Commonvrealth of Puerto Rico, the
Virgin Islands. American Samoa,
Guam, the Trust Territory of the
Pacitic Islands. Wake Island, Outer
Continental Shelf Lands defined in the
CQuter Continental Shelf Lands Act,
and Johnston Island

For this reason

Although trainers may provide safety
and health training 10 workers outside
the OSHA's geegraphic jurisdiction, it
must be done outside of the Outreach
Traming Program and  without
OSHA's involvement. Under such a
plan, tramers may design and issue
their ovm certificates, cards, badges,
stickers, etc, as long as they do not
indicate that the program is
supported by OSHA or is a part of the

I0SH “Institution of
Occupational Safety
and Health”

I0SH is the world's biggest
professional health and salety
membership and is also the only
Chartered body for health and safety
professionals. A world leader in health
and safety training with
approximately 160,000 take their
COUTSES BVETY year,

This intensive 3 day course is
designed for everyone obliged with
any responsibility for managing
health and safety requiring a broad
based knowledge in health and safety
and has a need to develop practical
safe systems of work.

It is for is for non-health and safety
expert personnel who have to manage
risk and resources. Managers,
superasors and any individual with
responsibilities in health & safety in
any sector and any organization - It is
designed to get managers up to speed
on the practical actions they need to
lake to handle health and safely in
their teams.



OSHA’s Record Keeping And Reporting

* The OSH Act’s centralization & systematization of record keeping has
simplified the collecting of health and safety statistics for monitoring

problems and taking the appropriate steps to solve them.
o Over time, OSHA has made changes to its requirements.
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OSHA’s Record Keeping And Reporting

oEmployers have complained for years about the mandated injury and
iliness record-keeping system:
* The Original system was cumbersome and complicated.
* The OSHA record-keeping rule had not kept up with new and emerging issues.

 There were too many interpretations in many of the record-keeping
documents.

e Record-keeping forms were too complex.
e Guidelines for record-keeping were too long and difficult to understand.

o In response to these complaints, OSHA initiated a dialogue among
stakeholders to improve the record-keeping and reporting process.
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Reporting Requirements

* All occupational illnesses/injuries must be reported if they result in

one or more of the following:

o Death of one or more workers

o One or more days away from work

o Restricted motion or restrictions to the work that an employee can do
o Loss of consciousness of one or more workers

o Transfer of an employee to another job

o Medical treatment beyond in-house first aid (if it is not on the first-aid list, it is
considered medical treatment)

Title Code of Fed. Redq. Part Section
29 CFR 1926 .59 (h)
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Record-Keeping Requirements

Em ployers are required to keep injury and illness records for each location where they do
usiness.

Records must be maintained on an annual basis using special forms prescribed by OSHA.
o Computer or electronic copies can replace paper copies.
Records are not sent to OSHA—they must be maintained locally for a minimum of three

years.
o Auvailable for inspection by OSHA at any time.

OSHA Form 300 is used to record information about every work-related death and every
work-related injury or illness that:

O Involves loss of consciousness, restricted work activity, job transfer, days away from work, or
medical treatment beyond first aid.

Form 300 is also used to record significant work-related injuries and illnesses diagnosed
by a physician or licensed health care professional.
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Record-Keeping Requirements
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Occupational Safety and Health Administration

OSHA w STANDARDS w TOPICS w HELP AND RESOURCES w

By Standard Number

= Part Number:

« Part Number Title:
= Standard Number:

« Title:
« GPO Source:

1904 - Table of Contents/Authority for 1904

1904

Recording and Reporting Occupational Injuries and liness.

1904
Table of Contents/Authority for 1904
e-CFR

PART 1204—RECORDING AND REPORTING OCCUPATIONAL INJURIES AND ILLNESSES

Subpart A—Purpose

§1904.0 Purpose.

Subpart B—Scope

§1904.1 Partial exemption for employers with 10 or fewer employees.
§1904.2 Partial exemption for establishments in certain industries.

S14n4d 32 KWeeninn records for more than nne anencwy

CONTACTUS FAQ ATOZINDEX E!
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Record-Keeping Requirements

* All organizations covered by 29 CFR Part 1904 must complete Form
300A, even if there were no work-related injuries/illnesses during the
year in question.

o This form is used to summarize all injuries and illnesses that appear on OSHA’s
Form 300.
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Record-Keeping Requirements

* OSHA Form 301is used for every incidence of a recordable injury

o Must be completed within seven calendar days.

1
2)

3)
4)
5)

Full Name

Street

Caty

Date of birth
Date hared

J Male
J Female

W' S,

10) Case number from Log

Jaanall A48 il 4 dla) JN 202300 0SHA 301 ZA e
-u‘u-a\a”v C_n Ju Wﬁ@%)\:m e
Within 7 calendar days after you receive information that a recordable work- Completed by:
related injury or illness has occurred, you must fill out this form or an equivalent.
Some state workers’ compensation, insurance, or other reports may be acceptable Title
substitutes. To be considered an equivalent form, any substitute must contain all the
information asked for on this form. Phone ( ) -
According to Public Law 91-596 and 29 CFR 1904, OSHA s recordkeeping Date / /
rule, you must keep this form on file for five years following the year to which it

(Transfer the number

Jrom the Log after you record the case.)

11) Date of injury or illness / /
12) Time employec began work AM /PM
13) Time of event AM / PM

14)

3 Check if ime cannot be determined
What was the employee doing just before the incident occurred?

Describe the uchvny as well as the tools, cqmpmcnt or matenial the
employee was using Be specific. Examples: “cli
carrying roofing materials™, “sprayi




Reporting and Record-Keeping Summary

* Reporting and record-keeping requirements appear as part of several
different OSHA standards.

o Employers are required to keep injury and illness records on file for three years.

o Employers are required to give employees, government representatives, former
employees and their /designated representatives access to their own individual injury
and illness records.

o A major incident is the death of one employee or the hospitalization of five or more
employees in one incident.

o When a business changes ownership, the new owner is required to maintain the OSHA-
related records of the previous owner.
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Workplace Inspections & Enforcement

* OSHA may conduct inspections unannounced, and except under
special circumstances, prior notice is a crime punishable by fine,
imprisonment, or both.

* OSHA compliance officers are required to present their credentials to
the person in charge.

o Having done so, they are authorized to enter any site, location, or facility
where work is taking place.

o They may inspect, at reasonable times, any condition, facility, machine,
equipment, materials, etc.

o Finally, they may question, in private, any employee or other person formally
associated with the company.
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Workplace Inspections & Enforcement

* Under special circumstances, employers may be given up to 24 hours’
notice of an inspection.
o When imminent danger conditions exist.
o When special employer preparation is required
o When inspection must take place at times other than during regular business hours.

o When it is necessary to ensure the employer, employee representative & other pertinent
personnel will be present.

o When the local OSHA director for OSHA advises it.

* Employers may require that OSHA have a judicially authorized warrant
before conducting an inspection.

o On obtaining a warrant, OSHA personnel must be allowed to proceed without interference or
impediment
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OSHA’s Enhanced Enforcement Policy

* Organizations that receive OSHA citations for high-gravity violations

are subject to enhanced enforcement measures

o Organizations that commit any of these types of violations will receive on-site follow-up
inspections.

o In addition, OSHA’s area directors are empowered to conduct follow-up inspections to
verify compliance.

o When an organization receives a high-gravity violation, OSHA makes the public aware of
the violation and all applicable enforcement actions taken by issuing press releases
through local and national media
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Citations And Penalties

e Based on findings of workplace inspections, OSHA is empowered to issue
citations and/or penalties
o A citation informs the employer of OSHA violations 1l gially Slallandl
o Penalties are typically fines assessed—result of citations .l & 5l Glalaa JJaalOSHA J (Say ¢ iial) =il e 2lige
il 3 s g Janll Caalia 315 7Adllal e
AdlAal) e Aanl dalle Al 2 ) S La Bale AL gaalle

e Different penalties for different types of violation

1. Other-than-serious violation il g5
2. Serious violation o e Adlliae
3. Willful violation daguan dillias
. . Baazia adlliqe
4. Repeat violation 5 Ko dillies
5. Failure to abate prior violation Gl Adlia et B JuSe
6. De Minimis violation



Citations And Penalties

e Other-than-serious violation - a violation with a direct relationship to
job safety & health, but probably would not cause death or serious

physical harm.

o A proposed penalty of up to $7,000 for each violation is discretionary, and may be
adjusted downward by as much as 95%.

 Serious violation - a violation in which there is a high probability that
death or serious physical injury may result, and that the employer

knew or should have known of the hazard.

o OSHA proposes a mandatory penalty for each serious violation, which may be
adjusted downward depending on the employer’s good faith, history of prior violations,
and the gravity of the alleged violation.
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Citations And Penalties

* Willful violation - a violation that the employer intentionally and knowingly
commits.

o The employer either knows that what he/she is doing constitutes a violation, or is
aware a hazardous condition exists and has made no reasonable effort to eliminate
it.

o A minimum penalty of $5,000 for each violation

v A proposed penalty may be adjusted downward, depending on the size of the business and its
history of previous violations.

v Usually, no credit is given for good faith.

* |f an employer is convicted of a willful violation resulting in the death of an
employee, the offense is punishable by a court-imposed fine or by
imprisonment.

* Afine of up to $250,000 for an individual or $500,000 for a corporation may be imposed
for a criminal conviction.
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Citations And Penalties

* Repeat violation - a violation where, on reinspection, a substantially

similar violation is found.

o Repeat violations can result in a fine for each violation
o To be the basis of a repeat citation, the original citation must be final

* Failure to abate prior violation - a failure to correct a prior violation
may bring a civil penalty for each day that the violation continues
beyond the prescribed abatement date

 De minimis violation - violations of standards that have no direct bearing on
safety & health.

o Documented like any other violation, but not included in citations
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Citations And Penalties

* Employers may also be penalized by additional fines and/or prison if

convicted of any of the following offenses:

o Falsifying records or other information given to OSHA.
o Failing to comply with posting requirements.
o Interfering in any way with OSHA compliance officers in the performance of their duties.
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Accident Investigation and
Reporting
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Accident

o An accident has been defined as :

* “any unplanned event that causes injury, iliness, property damage or harmful
disruption of work process” .

* When an accident occurs, it is important that it be investigated
thoroughly

The primary purpose of accident investigation:

 The results of an accident report can help safety & health professionals
pinpoint the cause, and help in preventing future accidents.
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TYPES OF ACCIDENT INVESTIGATIONS REPORTS

oThere are accident reports, and there are accident-analysis reports

* An accident report is completed when the accident in question represents
only a minor incident.

- It answers: Who, What, Where, and When—not Why
- OSHA Form 301 can be used for accident reports.
oAn accident-analysis report is completed when the accident in

question is serious—and should answer Why

* Analysis must identify the root cause or the company will treat only
symptoms, or worse, solve the wrong problem

* Serious accidents are always accompanied by the potential for litigation
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TYPES OF ACCIDENT INVESTIGATIONS REPORTS

oAccident-analysis reports are called for when any of the following

circumstances result from the accident:
* Death; Loss of consciousness; Professional medical treatment beyond first aid
* One or more days of lost work, over & above time lost beyond the day of the accident

* Modifications to the injured employee’s work duties, beyond those that might occur on
the day of the injury.
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WHEN TO INVESTIGATE

oAll accidents, no matter how small, should be investigated, and a
near miss should be treated like an accident.

* As soon as all emergency procedures have been accomplished, accident investigation
should begin

* Waiting too long can harm the results

olmmediate investigations are more likely to produce accurate
information.

oAn immediate investigation is evidence of management’s
commitment to preventing future accidents.



¢ e aly e e

Aapey il Laga ) sall ppan 8 Gaiaill cany o

Joan Leme Jaaill a7 8 1) (e Ay 8 Gl gall S
Al Glel ) (e ol g8 aiadl) Tl o

ol glaall 483 Caraay 5oall)

Al 5 1aY) a5l e Ja g sall sl o



WHAT TO INVESTIGATE

o The purpose of an accident investigation is to collect facts—not to
find fault

e Causes of the accident should be the primary focus

oThe investigation should be guided by:
e Who, What, When, Where, Why, and How

oAs you investigate, don’t put the emphasis on identifying who could
be blamed for the accident
* A quality job of investigating is objective & analytical
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WHAT TO INVESTIGATE

o Some questions subject-matter expert (SME) recommends using:

* Exactly what was the injured person doing or trying to do at the time of the
accident?

Had the worker received proper training?

Was the injured person authorized to use the equipment or perform the process
involved in the accident?

Was the task in question being performed according to properly approved
procedures?

Was the proper equipment being used, including personal protective equipment?
Was the employee new, or was the process, equipment, or system involved new?
Were any safety/procedures not being followed?
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Common Causes of Accidents

oPersonal beliefs and feelings:
* Individual did not believe the accident would happen to him or her
* Individual was working too fast, showing off, or being a know-it-all.

* Individual ignored the rules out of contempt for authority and rules in
general.

* Individual gave in to peer pressure.
* Individual had personal problems that clouded his/her judgment.
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Common Causes of Accidents

oDecision to work unsafely:

 Some people feel it is in their best interests or to their benefit to work
unsafely, and make a conscious decision to do so.

oMismatch or overload:
* Individual is in poor physical condition or is fatigued.
* Individual has high stress, is mentally unfocused/distracted.
* The task required is too complex or difficult, or is boring.
* The physical environment is stressful.

* The work in question is very demanding—even for an individual in good
physical condition.

* The individual has a negative attitude.



. uﬂui &My\wﬁw‘ﬁd@d@\ )\ngg\j;uuum u\_um
J.m:j\cubkww@maﬂ\m)\mumdbéa)ﬂ\m\)\w\)\
Lolal) il daa o) (dara o) Ll 5082 45 glhaal) dagall Gind citie/ R g
‘\AJJJM\.\L@A.\J&JMJJS“ML\@A _\@AJ\ ).\.\SJ\L.\SL.\J@:.A\M\AAAJA
u-‘l"“ ua}q Mﬂ JJ&]\_M,};



Common Causes of Accidents

oSystems failure:
* Lack of clear policy, rules/regulations/procedures.
* Rulesin place, but not enforced
* Poor hiring procedures/insufficient training.
* Inadequate monitoring and inspections.
* Failure to correct known hazards.
* No reward/reinforcement of safe
* Inadequate tools and equipment provided.
* Production requirements set too high.
* Inadequate employee communication.

* Poor safety management/insufficient job safety analysis and insufficient
management support for safety
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Trap

Common Causes of Accidents

S

Defective equipment.

Failure to provide/maintain/personal protective equipment.
Failure to train employees

Overly complicated/confusing controls.

Poorly laid out work area.

Mechanical lifting equipment inadequate for jobs required.
Uncontrolled hazards that might lead to slips and falls.
Excessive reaching/bending/stooping/twisting.

Excessive contact pressure/vibration/force.

Awkward postures from poor workstation or tool design.
Temperature extremes; insufficient lighting/ventilation.
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Figure 1: Awkward postures — body parts are not in their natural

positions dxplall Lee Lia ol 8 Canl sl ¢ 3ol - da je e Cilamia g 11 JSA

Figure 2: Proper working postures - body parts in their natural
position
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Common Causes of Accidents

o Unsafe conditions:
* Created by the person injured in the accident.
* Created by a fellow employee or a third party.
* Created by, or knowingly overlooked by management.
* Created by the elements (rain, sun, snow, ice, wind, dark).

o Unsafe acts:
* Ignoring rules, horseplay/fighting, drugs/alcohol.
* Individual uses unauthorized tools or equipment.
Individual chooses an improper work method.
Individual fails to ask for information or other resources needed to do the job safely.
Individual forgets a rule/regulation/procedure.
Individual does not pay proper attention.
Individual uses improper body mechanics.
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WHO SHOULD INVESTIGATE

oln some companies, the supervisor of the injured worker conducts the
investigation.

* In others, a safety & health professional performs the job.

oSome companies form an investigative team.
« Others bring in outside specialists.

oSome factors considered in deciding how to approach accident

investigations include:

* Size of the company.

Structure of the company’s safety & health program.

* Type, seriousness & technical complexity of the accident.

Number of times that similar accidents have occurred.

 Company’s management philosophy & commitment to safety & health.
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CONDUCTING THE INVESTIGATION

* Five steps to follow in conducting an accident investigation.

Int

FPhotograph or
videotape
e scene

Isolate the
acciden! site

wilnesses






INTERVIEWING WITNESSES - When to
Interview

olnterviews should begin as soon as the witness list has been compiled
and proceed expeditiously.
* Recollections will be best right after the accident.

* Immediacy avoids the possibility of witnesses comparing notes and, as a
result, changing their stories.

oWitnesses should be interviewed individually and separately,
preferably before they have talked to each other.
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INTERVIEWING WITNESSES - Where to

Interview

oThe best place is at the accident scene—if not
possible, in a private setting elsewhere.

* It is important to ensure distractions are removed, and
interruptions guarded against.

* |tis also important to select a neutral location in which
witnesses will feel comfortable.

oAll persons interviewed should be allowed to relate
their recollections without fear of contradiction or
influence by other witnesses or employees.
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INTERVIEWING WITNESSES - How to Interview

oPut the witness at ease and to listen.
e What is said

oPhrase questions in an open-ended format.

 Don’t lead witnesses with your questions or influence them with gestures,
facial expressions, tone of voice, or any other form of nonverbal
communication.

olnterrupt only if absolutely necessary to seek clarification on a
critical point.
 Remain nonjudgmental and objective; How it is said; What is.



S paiul s Aal i ey 2alall Jeal
(44 7 i) da gide Al aaail o
L OIS 13 Y adalai Y o

e gm0 g Labs (S oo



INTERVIEWING WITNESSES - How to Interview




INTERVIEWING WITNESSES - How to Interview

olf you can keep your note taking to a
minimum during the interview, YOUr ey i ciiaasie o s ekl 13
chances of  getting uninhibited e closdes e Jpaall b dlin 4 300 i
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* Note taking can distract and even frightena 7 7§ 7 0o Ce S0
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mental notes of critical information, -**

summarize you have heard, and have

the witness verify your summary.

* After the witness leaves, develop your
notes immediately



INTERVIEWING WITNESSES - How to Interview

oWhy not tape the interview?
e Safety & health professionals disagree on effectiveness and advisability of
taping.
oThose who favor it claim it allows the interviewer to concentrate on
listening, without having to worry about forgetting a key point or
interrupting the witnesses to jot down critical information.

* Those opposed to taping say that taping devices tend to inhibit
witnesses, so that they are not as forthcoming as they would be

without taping.
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INTERVIEWING WITNESSES - How to Interview

olf the interview is to be taped, the following rules of thumb should be
applied:

e Use the smallest, most unobtrusive device available.
* Inform the witness that the interview will be taped.

* Make sure the device is working properly & can run long enough so you don’t
have to interrupt to change it.

* Discuss unrelated matters at the beginning, to put the witness at ease.
* Make personnel available to transcribe tapes immediately.
* Read transcripts as soon as available, and highlight critical information.
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INTERVIEWING WITNESSES - How to Interview

oAn effective technique to use with eyewitnesses is to ask them to
reenact the accident for you.
* Enhanced if it can take place at the accident site

* Have the eyewitnesses explain what they are going to do before letting them
do it, and have them simulate, rather than actually perform, the steps that led
to the accident.
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REPORTING ACCIDENTS

oAn accident investigation should culminate in a comprehensive
accident report.

* To record the findings of the accident investigation, cause(s) of the accident,
and recommendations for corrective action.
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Why Some Accidents Are Not Reported

oln spite of OSHA reporting specifications, some accidents, possibly a
majority, still go unreported.

oMany firms fail to report OSHA recordable incidents.
* Presumably to avoid OSHA inspections, or to achieve statistical goals.
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Why Some Accidents Are Not Reported

* There are several reasons accidents go unreported:

Reddt Aoe Some people see paperwork involved in accident reporting as red tape, to be
avoide

Ignorance - Not all managers/supervisors know as much as they should be about reasons
for accident reporting.

- Many are not familiar with OSHA reporting specifications.

Embarrassment - A supervisor/manager who did not properly supervise/train or provide
proper training may be embarrassed to file a report.

Record-spoiling - Some accidents are unreported to preserve a safety record, such as
accident-free days worked.

Fear of repercussions - Some accidents go unreported because the people involved are
afraid of being found at fault, being labeled accident prone, or subjected to other negative
repercussions. —

No feedback - Some accidents %1 o unreported because those involved feel filing a report is a
a

waste of time. Typically ppens when management does not respond to
recommendations made in earlier accident reports.
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Why Some Accidents Are Not Reported

oTo overcome inhibitors, it is necessary to develop a simple reporting
system that will not be viewed as too much bureaucratic paperwork
to have to do.

e Safety & health professionals must educate personnel about the
purpose/importance of accident reporting
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Discipline and Accident Reporting

oAn investigation sometimes shows that an employee has violated or
overlooked safety regulations.

oMany companies condone nonconformance to safety rules as long as
no injury results.

* However, if nonconformance results in an accident involving an injury,
discipline results.

oRecommended procedures:

* Never discipline an employee because of an accident.
* Always discipline employees for noncompliance with safety regulations.

oSuch an approach applied will help maintain the integrity of both the
accident investigation process and the overall safety program.
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ACCIDENT INVESTIGATION MISTAKES TO AVOID

oFailing to investigate near misses.
* A near miss is an accident that did not happen due to luck.

oTaking ineffective corrective action.
e Often the result of a cursory accident investigation.

oAllowing biases to color investigation results.
* Look for facts & be objective when investigating accidents.
oFailing to investigate in a timely manner.

* |tis important to begin an accident investigation as soon as possible after an
accident occurs so that evidence and the memories of witnesses are still
fresh.
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ACCIDENT INVESTIGATION MISTAKES TO AVOID

oFailing to account for human nature when conducting investigations.

e Often what people will say during an interview will be shaped by their desire
to escape or deflect blame to someone else, or protect a friend.

oFailing to learn investigation techniques.

 Safety/health professionals should complete specialized training, or self-study
to learn investigation techniques.

oAllowing politics to enter into an investigation.

* Personal likes, dislikes, favoritism, and office politics will corrupt an
investigation from the outset.
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ACCIDENT INVESTIGATION MISTAKES TO AVOID

o Failing to conduct an in-depth investigation.

 Everyoneisina hurry, accident investigation was not on the agenda, pressure from higher
management to “get this thing behind us.

- Surface-level investigations almost ensure the same type of accident will
happen again.

o Allowing conflicting goals to enter an investigation.

* While the ultimate goal of an accident investigation is to prevent future accidents and injuries,
safety and health professionals should be aware that other agendas may be in play in an accident
investigation.

® Falllng to account for the effects of uncooperative people.
* People will not always cooperate for a variety of reasons.
* All growing out of the concept of perceived self-interest.
* Lack of cooperation will not always be overt—in fact, often it will be covert

. Safet\{]& health professionals must understand that self-interest is a most powerful, and factor this
into their planning for accident investigations.
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Safety Engineering
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Safety Accident Reporting
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ERGONOMICS DEFINED

* Ergonomics is defined as:

a multidisciplinary science that seeks to conform the workplace and all of its
physiological aspects to the worker.

Ergonomics involves the following:

e Using special design and evaluation techniques to make tasks, objects, and
environments more compatible with human abilities and limitations.

e Seeking to improve productivity and quality by reducing workplace
stressors, reducing the risk of injuries and illnesses, and increasing efficiency.
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Human Factors in Action

o Predesign analysis - Human factors professionals conduct research to
answer such guestions as:
* What is the best way for humans to interact with computers?
* What factors contribute to fatigue and stress in an office environment?
* How can designers overcome these factors?

o Preliminary design - Study of machine and human capabilities to
determine which tasks should be undertaken manually and which should
be automated

o Detail desigh and development - defining the environment required for
operator safety, enhanced operator performance, and the reduction or
prevention of operator stress and fatigue.

oTest and evaluation - In this stage, human factors professionals test actual
humans in using the prototype equipment or system.
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Human Factors and Safety

o The science of human factors can help reduce both product and workplace hazards...

* Hazard elimination by design - Intelligent design can reduce human errors by
providing controls that are simple to understand and operate.

* Provision & location of safety devices - Design/location of safety devices such as
emergency cutoff switches can reduce human error on the job, correspondingly
reducing the chances of an accident.

* Provision of warning devices Color, location & wording of warning devices; pitch &
volume of warning signals; design of caution markings on gauges and video displays
are important factors in reducing human error.

 Establishment of procedures/provision of training - When hazards cannot
be realistically designed out of a system, administrative procedures for
hazard reduction must be established, and training relating to those
procedures must be provided.
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FACTORS ASSOCIATED WITH PHYSICAL STRESS

oVariables can influence the amount of physical stress experienced on
the job are as follows:
* Sitting versus standing.
* Stationary versus moveable/mobile.
* Large demand for strength/power vs. small demand for strength/power.
* Good horizontal work area vs. bad horizontal work area.
e Good vertical work area vs. bad vertical work area
* Non-repetitive motion vs. repetitive motion
* Low surface versus high surface contact
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v" Good versus Bad Horizontal Work Area

A good horizontal work area is one that is designed and positioned so that it does not require the
worker to bend forward or to twist the body from side to side.

Bad horizontal work surfaces increase the likelihood of physical stress.

v" Good versus Bad Vertical Work Area

Good vertical work areas are designed and positioned so that workers are not required to lift their
hands above their shoulders or bend down in order to perform any task. Vertical work areas that do
require these movements are bad. Bad vertical work areas increase the likelihood of physical stress.

v" Non-repetitive versus repetitive Motion

Repetitive motion jobs involve short-cycle motion that is repeated continually. Repetition can lead to
monotony and boredom. When this happens, the potential for physical stress increases.

v Low versus High Surface Contact

Surface stress can result from contact with hard surfaces such as tools, machines, and equipment. High
surface contact jobs tend to be more stressful in a physical sense than are low surface contact jobs.

v" Presence versus Absence of Environmental Factors

For example, personal protective equipment, although conducive to reducing environmental hazards,
can increase the amount of physical stress associated with the job.

10
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a stationary job: a production operator

A construction worker requires
The potential for physical stress more strength/ power on the job

increases with stationary jobs
when workers fail to take such

jobs that demand larger

amounts of strength/power

are generally more stressful Improper sitting posture
than those requiring less.

precautions as periodically
standing/ stretching/ moving.

When leaning back to take |
a short break, you can relieve || |
the weight and pressure

off your back =~ ‘J

st

ﬁ Proper sitting posture r 12
J The proper sitting posture when taking a rest ‘




CUMULATIVE TRAUMA DISORDERS (CTDS)

o CTDS is one of the biggest silent dangers lurking in your organization. It’s
defined as excessive wear and tear on muscles, tendons, and nerve tissues
due to repetitive motion over an extended period of time.

o Frequent and, for some, constant computer use has led to an explosion of
injuries that until now were seen mostly in the meatpacking industry.

* Collectively, these injuries are known as CTDs.
oCTD is an umbrella term covering injuries caused by forceful or awkward

movements, repeated frequently over time.

 CTDs occur to the muscles, nerves, and tendons of the hands, arms, shoulders, and
neck.

o Overworking a tendon can cause small tears in it, which inflame and cause
intense pain.
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CUMULATIVE TRAUMA DISORDERS (CTDS)

oThe best way to prevent CTDs is proper work design, which also helps
make employees aware of the hazards that can cause it.
e Poor posture at the workstation.

* Inappropriate positioning of the hands & arms
* Heavy hand on a keyboard or mouse.
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CUMULATIVE TRAUMA DISORDERS (CTDS)

Good job design & proper tool selection
together are the best strategy

Cra 4408 61) &) 93CTDs

doa) i M\:mw\ Q\ja\J\ngs\+qg,;g§.E5M

Use Anthropometric Data

Anthropometric data has to do with human body dimensions
Such data can be used to determine the proper handle length,
grip span, tool weight, and trigger length when selecting tools.

Reduce Repetition

Repetition is a hazard that can and should be reduced using
such strategies as the following:

* Limit overtime.

» Change the process.

* Provide mechanical assists

* Require breaks.

* Encourage stretching and strengthening exercises.
*  Automate where possible,

*» Rotate employees regularly.

* Distribute work among more employees

Reduce the Force Required

The more force required, the more potential for damage to soft
tissue. Required force can be reduced using the following
strategies:

= Use power tools wherover poasiblo.

* Use the power grip instead of the pinch grip.

= Spread the force over the widest possible area

* Eliminate slippery, hard, and sharp gripping surfaces.

* Use |igs and fixtures to eliminate the pinch grip

Minimize Awkward Postures

Awkward postures contribute to CTDs. The following strategies
can reduce posture hazards:

» Keep the wrist in a neutral position

« Keep elbows close 1o the body (90"—110" whera bent)

* Avoid work that requires overhead reaching.

* Minimize forearm rotation




WORKSITE ERGONOMICS ANALYSIS PROGRAM

o Although complex analyses are best performed by a professional
ergonomist, this program can be used to conduct a worksite analysis
& identify stressors.

oThe discussion of the recommended program for worksite analysis is
divided into four main parts:

* Gathering information from available sources.

* Conducting baseline screening surveys to determine which jobs need closer
analysis.

* Performing ergonomic job hazard analyses of those workstations with
identified risk factors.

* After implementing control measures, conducting periodic surveys and
follow-up studies to evaluate changes.



H(USae 53 ) Jand) A0 Jilat el 5

}jd\ﬁwmmj

dal e 4 e oS0 e

Aaliadl Gl gleall pas

(o) Jalait lias il Cailda gl) dgasil A0 o Cola e 280 o
dadaall catlla gl yhalaa Julas o

Lele cpe 2SU &G ) g0 Loy o) ya) o shall 24855 22y o



Benefits of Ergonomics

o A simple solution to avoiding the costs associated with staff injury and impaired productivity
is to include an ergonomics program as part of the company’s culture and financial strategy.

o The benefits of ergonomic workstations:

Avoiding musculoskeletal disorders (MSDs) caused by poor alignment, vibration, muscle strain, mechanical contact stress, or
repetition.

Reducing absenteeism related to MSDs and injuries. Employees need less time from work due to fatigue, muscle, and joint
pain. They require fewer medical appointments, treatments and procedures, or physical therapy sessions.
Creating an increase in product quality because employees are not fatigue or physically exerted.

Improving efficienc¥ and productivity when employees have everything they need within reach and at the correct height,
reducing the need for overreaching and pushing past joint limits. An ergonomic workstation means less twisting, bending,
lifting, or straining to view a monitor.

Improving employee engagement, morale, and loyalty, when workers see that the company is investing in their health and
safety.

Prevfentiot?I of future injuries and conditions caused by employees inventing shortcuts to make their tasks easier and more
comfortable.
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IDENTIFYING ERGONOMIC PROBLEMS

» A task analysis of the job in question can identify specific ergonomic
problems.

Tasks that involve potentially hazardous movements
Tasks that involve frequent manual lifting

Tasks that involve excessive wasted motion or energy
Tasks that are part of a poor operations flow

Tasks that require unnatural or uncomfortable posture
Tasks with high potential for psychological stress
Tasks with a high fatigue factor

Tasks that could or should be automated

Tasks that involve or lead to quality control problems
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IDENTIFYING ERGONOMIC PROBLEMS

oGeneral observation of a worker or workers performing the task(s) in
guestion can be an effective task analysis technique.

oQuestionnaires and interviews can be used for identifying ergonomic
problems.

o Videotaping is silent, not intrusive, and can enhance the observer’s
analysis capabilities significantly.
* Photography can also enhance analysis capabilities.

oAn accurate sketch of a workstation or a drawing showing workflow
can help identify problem:s.

oMeasurements can help identify specific ergonomic problems
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Summary

Ergonomics is important to ensure the quality of life of workers, prevent
productivity from declining and enhance work performance : aald
sls B35 o Laldall aga (S 53 52 5y e
It takes some time for workers who are exposed to illnesses due to &Y L5 aias cola¥) gpuaiy cplelal
inappropriate workstations, work processes and work equipment to d’j’d‘ A J“:jw‘ o i 5 B ey Se
realize that they have actually fallen ill ‘mi# 831 Jead) el e e
2855 S i YL R 5 el s Gt Jie
Employers must take proactive measures and implement ergonomicsisutic &l 5ol 5 Jee Sl
programmes to educate workers on ways to overcome ergonomic risks,

and provide suitable workstations, equipment and processes.



Safety Management and
Risk Management
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Need for Safety Management

O




Need for Safety Management

O

» Minor-major accident
» Economics of Safety
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Strategies for Safety Management

 Reactive

* Proactive
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Strategies for Safety Management

Reactive method

The reactive method
responds to events that
have already happened,

such as incidents and

accidents

........

©

Proactive method

The proactive method
looks actively for the
identification of safety
risks through the
analysis of the
organization’s activities

Predictive method

The predictive method
captures system
performance as it

happens in real-time
normal operations to
identify potential future
problems
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Definition

Management
Activity

Front Line
Employee
Activity

Reactive Risk Mgmt

Actions in response to
hazard/risk occurrence

After hazard/risk occurrence,
take measures (i.e.,
corrective actions) to prevent
re-occurrence. Management
does this by processing
incident/accident reports and

Once a hazard occurs,
employees take action to
prevent an accident. If risk
occurrence is inevitable,
employees take action to
mitigate damages. These

Proactive Risk Mgmt

Actions that address perceived
hazard/risk occurrence before it actually
occurs

Before an identified hazard occurs,
management creates control measures
to prevent initial occurrence. Identifying
these hazards usually happens through
proactive activities, or by reviewing
proactive reports.

Hazard mechanisms and threats are
identified before hazard occurrence (and
hazard occurrence is mitigated). These
issues are generally "voluntary” reports,
but it's a best practice to encourage
employees to report these issues.

Predictive Risk Mgmt

Actions that attempt to
forecast future, potential
hazard/risk occurrence

Analyzing current
operations to identify
areas of potential concern
in future, hypothetical
situations. This is done
almost exclusively by
reviewing existing
systems and processes.

N/A
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What are the critical components of an
efficient SMS?

e 8 Building Blocks — SMS

Senior Management’s commitment to the management of safety
Effective safety reporting

Continuous monitoring

Investigation of safety occurrences

Sharing safety lessons learned and best practices

Integration of safety training for operational personnel

Effective implementation of standard operating procedures (SOP’s)
Continuous improvement of the overall level of safety

O NO U kA WDbhRE
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4 Responsibilities of Managing Safety

The responsibilities for managing safety can be grouped into four generic and
basic areas, as follows:

1. Definition of policies and procedures regarding safety.

Policies and procedures are organizational mandates reflecting how senior
management wants operations to be conducted.

2. Allocation of resources for safety management activities.

]Ic\/lanaging safety requires resources. The allocation of resources is a managerial
unction.

3. Adoption of best industry practices.

the continuous development of robust safety practices, including exchange of
safety information through both institutional and informal channels.

4. Incorporation of regulations governing safety.
as the bedrock for safety management endeavors.
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Risk Management

Risk management: A continuous management process with the objective to identify,
analyze, and assess potential hazards in a system or related to an activity, and to
identify and introduce risk control measures to eliminate or reduce potential harms to
people, the environment, or other assets.

Risk management
B R L B B O . B o
]
1 Risk assessment '
' !
i ]
. Risk analysis Risk evaluation X Risk control
! '
: 3 L
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' - l[dentity Fazardous events risk acceptance criteria) 1 risk-reducing measures and
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Continuous risk management process
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Risk analysis

* Risk analysis

is used to identify the causes of harmful events, to determine the
possible consequences of harmful events, to identify and prioritize
barriers, and to form a basis for deciding whether or not the risk
related to a system is tolerable.

A risk analysis is carried out to provide answers to the following three
main questions:

What can go wrong?
What is the likelihood of that happening?
What are the consequences?
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Five steps to risk assessment

|dentify the hazards.

Decide who might be harmed and how.

Evaluate the risks and decide on precautions.
Record your findings and implement them.
Review your assessment and update if necessary.
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afety management levels

Predictive

and incident

E reports

Highly efficient Efficient
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FMEA

Failure mode and effects analysis (FMEA) is a risk assessment tool that
mitigates potential failures in products, processes or systems before
they occur. Although many industries use the traditional FMEA

technique,

priority numbers (RPNs), which require the risk factors, occurrence (O),
severity (S) and detection (Den criticised for having several setbacks.
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FMEA

* FMEA is a structured, bottom-up approach that starts with known
potential failure modes at one level and investigates the effect on the
next subsystem level and, hence, a complete FMEA analysis of a
system often spans all the levels in the hierarchy from bottom to top
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FMEA

FMEA Flow Diagram

Identify .
Failure Estimate

Modes occurrence

1 Compute
SN Establish BN Determine [N RPN
Cause Detection Prioritize

Assess Assign
Effect Severity Take
Corrective
Action
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FMEA Template




Severity categories

Category Characteristics
Negligible  |No injury or morbidity
No damage to system

Minor injury or morbidity
Vlinor damage to system

Severe injury or morbidity
Severe damage to system
Loss of system







Likelihood categories

Category Description Characteristics

Impossible  Physically impossible to
occur.

Extremely Probability of occurrence

improbable can't be distinguished
from zero.

Remote So unlikely, it can be
assumed that it will not
be experienced.

Occasional | Likely to occur during the
life of the item.

Reasonably  Will occur seceral times
probable during the life of the item.

Frequent Likely to occur
frequently.







u b W N -

10
11
12
13

14

Proposed Reasons

FMEA

= U U1 N N W

B B NN BN DD

w B N W b

N

w W kA W W NN W

u 1 N NN

w v P WW DS D

RPN

2.87
2.3

4.7
4.4

13

3.7

34
2.43
3.27
3.16
3.46
4.13

2.46

Rank

21
30
32

25

10
15
28
17
18
13

27



Fault Tree Analysis

 Fault tree analysis (FTA) is a graphical tool to explore the causes
of system level failures. It uses boolean logic to combine a series
of lower level events and it is basically a top-down approach to
identify the component level failures (basic event) that cause the
system level failure (top event) to occur.

* Fault tree analysis consists of two elements “events” and “logic
gates” which connect the events to identify the cause of the top
undesired event.

e Fault tree analysis can be used to perform for all types of system
level risk assessment process.
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Fault Tree Analysis

FTA:

is a graphic expression to show how an event can occur in different ways and systematically
identify the probable sequence of events.

FTA :

is a systematic method for analyzing the cause of risks by adopting a deductive method, in which a
specific risk that is only qualitatively recognized from a relevant primary system is placed as the top
event in the tree for deductive reasoning. The occurrence of the top event can be quantitatively
estimated based on the probability of each risk factor occurring.

FTA also permits the theoretical relation between the risk categories (top events), the risks (gates or
sub-gates) and the risk factors (events) to be clarified on the basis of AND and OR logic.

The method can explain, for instance, how equipment defects and human mistakes can be combined
to cause a risk in the relevant primary system
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Fault Tree Analysis

* FTA is a deductive, top-down method aimed at analyzing the effects
of initiating faults and events on a complex system.

* This contrasts with failure mode and effect analysis (FMEA), which is
an inductive process, bottom-up analysis method aimed at analyzing
the effects of single component or function failures on equipment or

subsystemes.
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Event symbols

Basic Basic inherent failure of a system
element

Undeveloped Event that is not further developed
either because of its insufficient
consequence or because information
is not available

Developed Event which could be further
developed elsewhere, but is treated
here as a primary event
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Gates Symbols

Output event will exist if one or

more of the input events exist.

Output event will exist if both
input events exist.

Output fault occurs if only one
input fault occurs

Gate Symbol
AND Gate

Description
The output event occurs when all the input events
oCCur

Q OR Gate

The output event occurs when at least one of the
input events occur

Priority AND Gate

The output event occurs when all the input events
occur in the order from left to right

@ Exclusive OR gate

The output event occurs if either of the two input
events occur but not both

6’:'7 Inhibit gate

The output event occurs when the input event
occurs and the attached condition is satisfied
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Five steps to FTA

Defining and understanding the undesired event

Once the undesired event is selected, all causes with probabilities of affecting the
undesired event of zero or more are studied and analyzed.

Construction of the fault tree after selecting the undesired event and having analyzed
the system knowing all the causing effects and their probabilities (FTA is based on “AND
and OR” gates that define the major characteristics of the fault tree).

Evaluation of the constructed fault tree :after the fault tree has been constructed for a
specific undesired event, it is evaluated and analyzed for any possible improvement or, in
other words, it studies the risk management and finds ways for the system improvement.
This step is an introduction for the final step that will control the identified hazards. At
this step, all possible hazards that may affect the system are identified.

Control the hazards identified .This is a very system-specific step; for every system, there
will be a different set of hazards to identify. However, the key point is that as the hazards
are identified all possible methods are pursued to decrease the probability of its
occurrence.
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How do you do Fault Tree Analysis

 Define the primary failure to be analyzed in other words identify the
undesirable top event

* ldentify first level contributors which are just below the top level using the
available technical information

* Link these contributors to top level event by using logical gates (AND, OR
gates), and also see the relationship, so that it will' help to identify the
appropriate logical gate

* |dentify the second level contributors and link to top by using logical gates.
* Repeat the same steps till the basic causes
* Finally complete and evaluate the FTA

 Calculate B.rpbability of lowest level elements occurrence and also measure
the probabilities from bottom up
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Link contributors (OR, AND gates)

Undevioped event
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Comprehensive risk assessment of river
basins using Fault Tree Analysis

Table 1
Basic events of the failure of Urmia Lake Basin.
Symbol  Basic event Type Symbol  Basic event Type
BE, Inappropriate cultivation pattern Operational BE, Entrance of agricultural wastewater to groundwater Operational
BEa Lack of attention to virtual water Operational  BE;- Entrance of agricultural wastewater to surface water Operational
BE, Inappropriate water prices Operational  BE; g Entrance of industrial and domestic wastewater to surface  Operational
water
BE,4 Excessive construction of dams Operational  BE; 4 salinity Operational
BE; Unauthorized water withdrawal from wells Operational  BEag lack of environmental water right allocation Operational
BEs Unauthorized water withdrawal from rivers Operational  BEag Erosion Operational
BE- Excessive consumption of surface water in domestic and industrial  Operational  BEas Lack of quality water for diverse species Operational
sectors
BEs Excessive consumption of surface water in agricultural sector Operational  BEss Lack of adequate water for diverse species Dperational
BE; Excessive consumption of groundwater in domestic and industrial  Operational BEay Lack of finandal support Dperational
sectors
BE;; Excessive consumption of groundwater in agricultural sector Operational  BE;- Low economic value of water Operational
BE;; Water losses in water supply svstems Operational  BEag Flood risk Natural
BE;; Water losses in farming Operational BEs Damaged water supply systems Operational
BE;: Meteorological drought Natural BE;g Low awareness level Operational
BE:4 Hydrological drought Natural BEss Inappropriate governance Operational
BE, - Entrance of industrial and domestic wastewater to groundwater Operational
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ig. 4. FTA of failure risk in Urmia Lake Basin.
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Fig. 6. FTA of Urmia Lake Basin; failure of water quality.



Table 4
Failure probability of the top event based on the failure probability of the quantitative, qualitative, ecological, economic, and social events.

Failure Probability of top event quantity failure gquality failure ecology failure economic failure Social failure

.58 0.119 0.43 0.0172 0.06 0.75




The shield tunnel boring machine (TBM)

* The FT has been developed corresponding to the relevant risk categories.

* To facilitate risk management in shield TBM tunneling:

o 15 (fifteen) possible risks (10 at Gate level and 5 at Sub-gate level) have been identified
and grouped into 4 (four) risk categories.

* All of the potential risk factors must be classified into the pertinent categories,
so that the causes and consequences of each risk can be assessed.

* A list of relevant risk factors was gathered from TBM design documents
through correspondence with TBM experts. The risk factors were classified
into three categories, namely geologic, design, and construction and
management factors.
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The shield tunnel boring machine (TBM)

Table 1
Possible risk categories and risk scenarios during shield TBM construction.
Risk category (Top level) Risk
Gate level Sub-gate level
Cutters related malfunction Gate 1 Cuttability reduction Sub-gate 1-1 Excessive abrasion of the cutters
Sub-gate 1-2 Partial abrasion of the cutters
Sub-gate 1-3 Insufficient thrust force/torgue
Machine confinement Gate 2 Insufficient reaction force
Gate 3 Misalignment/off-route
Gate 4 Packing of cuttings around shield
Mucking & TBM advance problems Gate 5 Poor management of face pressure
Gate 6 Excessive mucking
Gate 7 Incapability of mucking Sub-gate 7-1 Blockage in slurry pipe
Sub-gate 7-2 Large amount of groundwater
Gate 8 Breakdown of conveyer belt
Segment defects Gate 9 Segment damage

Gate 10 Water leakage/damaged gaskets
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The shield tunnel boring machine (TBM)

* One of the most important problems among risks related to the TBM
cutters is reduction in the tunnel advance rate because of a decrease
in cuttability (Gate 1).

* The underlying reasons for this risk can be explained by heavily
excessive abrasion (Sub-gate 1-1), uneven wearing of the cutters
(Sub-gate 1-2), or insufficient thrust force or torque of the TBM
machine (Sub-gate 1-3) as shown in Fig. 1.
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Fig. 1. Fault-tree analysis for cutter-related malfunction.



Event Tree Analysis

* |s a forward, top-down, logical modeling technique for both
success and failure that explores responses through a single
initiating event and lays a path for assessing probabilities of the
outcomes and overall system analysis. This analysis technique
iIs used to analyze the effects of functioning or failed systems
given that an event has occurred.

« Use of ETA as a tool in risk assessment can help to prevent

negative outcomes from occurring, by providing a risk assessor
with the probability of occurrence.
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Event Tree Analysis

The overall goal of event tree analysis is to determine the probability of possible negative
outcomes that can cause harm and result from the chosen initiating event.

It is necessary to use detailed information about a system to understand intermediate
events, accident scenarios, and initiating events to construct the event tree diagram.

The event tree begins with the initiating event where consequences of this event follow in a
binary (success/failure) manner.

Each event creates a path in which a series of successes or failures will occur where the
overall probability of occurrence for that path can be calculated. The probabilities of failures
for intermediate "events can be calculated using fault tree analysis and the probability of
success can be calculated from 1 = probability of success (ps) + probability of failure (pf)
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3 stage system failure sequence

SE'

[5,5:54 a
S, R I [S,9,F, b
S s ;
: '_— I5,F35; C
;OIOIF‘IIOD F
CEETTECTEPIE P8 O O d
Initiating Event g
. - 554 e
(of frequency I) ~ IF15555
. v F. _ )
. F]. \----S;o-.- IF!S;‘F:: t
E F‘- h ‘[F‘IFJS:Z: g
‘II..III.I
. F.
Ssssnennnn ’[FIF‘“FC ll

— SUCCESS State (probability S)

wesesssses  Failure state (probability F)



el Tree Eaplo: 1 far Fropact TUTODRIEL an Direea L]

Everd Tree  k2m  Calculsbon Reporis Library  Tools  Wiew  Pindow Help
& PN YEX @ BTG

imdising event Etset of dre Sprrker syslem (alurs

Fre alarm s nol sclivaisd

Fir= slarm iz not
aechiviled - Thas
P=0.001

Sgprinkler system
Babre - Trus
Pl

Fies: fliarem 5 nod
sciivatsd - Fase
Pal 999

St of firg - Trig
P=048

Fir= slarm iz not
aechivimed - Toae
P=0.0m

Sprinkler owshemn
(adligrg - Fakis
P=039

Fiee: alinrem ks rof
aclivaisd - False
F=1 9595

L]
5
L]
5
5
5
5
I
L]
L]
L]
L]
L]
5
5
5
5
5
5
5
I
L]
L]
L]
L]
L]
5
L]
5
L]
5
L]
5
K
5

R T A A A A R A A

et of fire - Fakas
P=l.2

I R T

For Help, prass Fl




£ RAM Commander »&l Windows - e (eedaill zeali il g 5 pdal Shaa¥ls ol ;Lm Drive Di

Tilaglat (328U ca e <l gl cdiSall ¢ ).))n_s.., Bem —ues calany

BN %P4+ X @& - “§ (¥ k"?

T ————
4 o

D13 mi 23yl
{ raaia - (3 all
P0.001

\

Sorinkler 5ys

R U=

PO

Fire alore i3 ot
aciivated . Faze
P« 999

Al e a B . |
St L ads s o

T - (51 )]l
PO.001

fiadd o3 |
WA all Al

v . v H 1
Las, - l_-}J/;AJ i

Ped 999

PP PP PP PP PPPP PP PP PP S G PSS PPN PPPPPPPP PP PSS ST TP Prrrrrrrrrrrrss

RSP PSP PLPPPPIEEEEE L PP PPPPPPPPPEEEEEAS L P LLPPPPPPPIIIrres




Sprinkler
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ETA Steps

1. Define the system: Define what needs to be involved or where to draw the boundaries.

2. ldentify the accident scenarios: Perform a system assessment to find hazards or accident scenarios
within the system design.

3. ldentify the initiating events: Use a hazard analysis to define initiating events.
4. Identify intermediate events: Identify countermeasures associated with the specific scenario.
5. Build the event tree diagram

6. Obtain event failure probabilities: If the failure probability can not be obtained use fault tree
analysis to calculate it.

7. ldentify the outcome risk: Calculate the overall probability of the event paths and determine the risk.
8. Evaluate the outcome risk: Evaluate the risk of each path and determine its acceptability.

9. Recommend corrective action: If the outcome risk of a path is not acceptable develop design
changes that change the risk.

10.Document the ETA: Document the entire process on the event tree diagrams and update for new
information as needed.
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Event Tree Analysis

* |dentify an initiating event and its probability

* Follow the events through a series of possible paths :

o Each path is assigned a probability of occurrence and the probability of the
various possible outcomes can be calculated

o The risk mitigation activities designed to deal with the initiating event are
located on this path

* Calculate the overall probability of a particular scenario by multiplying
the probabilities from various path end points to the initiating event.
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Event Tree Analysis

An Event Tree is used to determine the overall
probability/frequency of a risk scenario and analyzing
the consequences arising from an undesired event.

Benefits include:
Forward thinking — specify/identify an initiating event and
work forward
Presents scenarios as a logical step by step progression of
events, decisions, and possible outcomes

Highlights the relative connectedness and dependencies of
decisions and outcomes

Highlights the process, policies, procedures, controls and
vulnerabilities of a risk as well as the multi-faceted nature of
the risk






Event Tree Analysis

« Event trees are used to follow the potential course of « An Event Tree is used to determine the frequency of

events as the event moves through the va.rious safety occurrence of process shutdowns or runaway
systems. The probability of success or failure of each systems.

safety intervention is used to determine the overall

probability of each final outcome. * Inductive approach

Specify/Identify an initiating even and work forward.
Identifies how a failure can occur and the probability of
occurrence
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Bow-Tie Analysis

Bow tie analysis is a simple process for identifyin%]yvhere new or enhanced controls may be worthwhile. It is a core part of risk
treatment planning, particularly where there is a high level of risk or where control effectiveness is assessed as low.

A bow tie is a graphical depiction of pathways from the causes of an event or risk to its consequences in a simple qualitative
cause-consequence diagram. It is a simplified combination of a fault tree that analyses the cause of an event or risk, the left
hand side of the diagram, and an event tree that analyses the consequences, the right hand side.

ties evolved out of Reason’s “Swiss cheese” mould.
There is a point between “Cause” and “Consequences” where you lose control. This is the “Knot”.
Up to the “knot”, any "barriers" are there to stop you losing control - they are a measure of the Vulnerability of the system.

Think of any barriers to avoid/reduce the consequences. Their effectiveness is then a measure of the Resilience of the system.
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Bow-Tie Analysis Steps

Step

Description

1. Identify hazard
2. Identify top event

3. Identify threats
4. Evaluate consequences
5. Identify preventive barriers

b. Identify recovery barriers

7. Identify escalation factors

8. Identify escalation factor barriers

The first step in managing risks is to identify what their sources are.

When we know what is potentially hazardous, we need to know how we could lose
control over it.

Mext we need to consider the scenarios or events which could directly cause the
occurrence of the top event.

After the top event occurs, subsequent scenarios or events are now possible. These
consequences can lead to losses and damage.

The next step is to identify the barriers which should prevent the threats from
reaching or causing the top event. These are preventative barriers.

Barriers on the right side try to recover from the occurrence of the top event.
These barriers should prevent or mitigate the consequences and/or the resulting
losses and damage.

The next step is to identify the specific situations or conditions under which the
barriers are less or not effective.

The last step is to look at what barriers you have to prevent or manage these
escalation factors.
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Bow-Tie Analysis Steps

. Identify the risk to be examined in the bow tie analysis. Bow tie analysis is of most use for risks that have high levels of risk, and
particularly those with high consequences.

. Describe the risk, in the form [something happens] and leads to [a consequence for our objectives], and note the main risk analysis
outcomes from the risk register.

. List the causes of the risk on the left and the consequences of the risk on the right, drawing on material from the risk register and
expanding where possible.

. List the existing controls on the causes (preventive controls) below the causes on the left, and the controls on the consequences
(corrective controls) below the consequences on the right. If a control acts on both causes and consequences, then show it twice,
on each side of the template.

5. Assess the effectiveness of each control, by asking ‘Is it designed well (could it work)?’ and ‘Is it implemented well (does it work)?’

6. Identify options for enhancing existing controls, to improve their effectiveness or to fill gaps. This may include enhanced

monitoring and more frequent review, for example using control self-assessment.

7. Look for gaps, where there are causes and consequences for which there are no matching controls.

8. ldentify options for creating new controls to fill the gaps.

9. Evaluate the advantages and disadvantages of each option, agree options to be pursued, and develop implementation plans.
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Risk description:

* Description from the risk register

Initial risk analysis:

* Control effectiveness, consequence, likelihood, level of risk, potential

exposure

Bow tie: B

Consequences

Likelihood controls_

Gaps, leading to
treatment options

1

Risk description

I

Consequence controls

Gaps, leading to
treatment options

List of causes:
1. Causel
2

2i

List of consequences:
1. Consequences 1

List of preventive controls:
1. Preventive control 1
2:

2.

List of corrective controls:
1. Corrective control 1

Option list:

1. Option description, advantages, disadvantages, priority, action owner

2
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BOW TIE Qs:
Qz: OuTcoME
CaAUSES
Q4a:
PREVENTIVE
SAFETY EVENT 1 ConTROLS CONSEQUENCE 1

e —

SAFETY EVENT 2

UNSAFE

STATE

SAFETY EVENT 3 CONSEQUENCE 3

2
' HAZARD .
SAFETY EVENT 4 CONSEQUENCE 4
Q5:
Qi: RECOVERY
WHAT IS THE HAZARD? CONTROLS
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Hazard Analysis

Bowtie Model

3. What safety event could
release the hazard?

Safety Event 2

Barrier

1. What is the hazard? |

&, How do we recover if the event cccurs? How can the potential
cutcome likellhood or consequence severity of the outcome be limited?

=

=i

I

5. How do we avold the undesirable event? How do we
keep control on the hazard?

4. How can the accident scenario
develop?
What are the potential outcomes?

2. What happens when
hazard control is lost?




3. What saftety event could [ 1. What is the hazard? ]

release the hazard?

6. How do we recover Iif the event occurs? How can the potential
outcome likellhood or consequence severity of the outcome be limited?

5. How do we avoid the undesirable event? How do we 1 Lazie aag il 2 - 4, How can the accident scenario
keep control on the hazard? " : develop?
What are the potential outcomes?




The left hand side of the Bow Tie

cause
cause
Loss of

cause ’/ —=Z control
cause - /

LY

Y

cause o N\

"-..H “
cause ~"barriers” or

“safequards”
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The right hand side of the Bow Tie

consequence

consequence

I_..I...I. consequence

consequence

consequence

W . I /-
barriers” or .~
“safequards”
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Bow Tie Analysis

consequence

consequence

N T o5 of p—

cause '/ control =W consequence

cause ,1 / / consequence
\\ :J A

cause oM KR consequence

. " ’
~“barriers” or -

Cause “safeguards”
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BARRIERS— Defence in Depth or Leaky False

Comforters?
t
C __To -
DO@_' 0, O~ -
Loss of ____ A a
Control 0 0 Y E 0
! O \ 0°
0
Safeguard 1 ’/ /
Safeguard 3
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Facilities, Processes and People

Caonimol,
Alam & Learing Opanatenal Audl & Sel Efecive Communicaion
Shut-diwn from Promduns Reguaton Supersision
Sysiem Evaris
I ik ! Fuslmf and Mairterancs & Wik Managemenl of Tra'nng.!‘.
Design Plant Ri-chorar Inspedians Conirad Change [:‘:'mlwl'
layout
HAZARD HAZARD
REALIZATION
Hydrocarbon Loss of
inventory in . . containment
plant and :
storage . i ' i |gnition

facilities
Fire/ Explosion

Y Y Y

Facilities Processes People




-\q Consequences

Threat Barriers Mitigation & Recovery
(Prevention) Measures
Avoiding the causes; Minimising the consequences

hence, release of hazard
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Bowtie Definitions

Hazard-Potential source of harm to people, assets, the environment and
company reputation

Top Event - The incident that occurs when a hazard is realized
Threats-What could cause the top event to occur?
Consequences-What could happen if the top event occurs?

Barrier - What directly prevents or reduces the likelihood of a threat?

Recovery Measure-What prevents, minimizes or helps recovery from the
consequence?

Escalation Factor-What could prevent the barrier or recovery measure from
working as intended?

Escalation Factor Control - What prevents or minimizes the chance of
barriers or recovery measures becoming Ineffective?
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Also known as controls or mitigations. There are three different places for barriers :

Between a safety event and the top event (preventive barriers — also known as proactive barriers)

Between the top event and a consequence (recovery barriers, also known as reactive or defense

barriers)
Between a barrier and an escalation factor (escalation factor barriers)
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Preventive barriers

Preventive barriers:
* act against a safety event/top event its effect takes place before the top event has happened (always
present on the left side of the bowtie diagram). it can follow two strategies:

O elimination. remove the safety event and make sure that there is nothing (or less) to cause the
top event (they should appear to the left of the safety event, but for simplicity purposes they are
located to the right)

O prevention. stop the safety event from becoming a top event, either by blocking the causal effect of

the safety event or directly stopping the top event from happening

Elimination Prevention

Removes the Threat Doesn’t remove the
Threat, but prevents the

u Top EVE“'H Degraded

H_ Safety

margin

| Wildlife activity

Wildlife radar | WHCM-P
detection/alert |
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Recovery Barriers

Aimed at regaining control once it is lost (top event has occurred). They act on the likelihood or severity of a
potential consequence through:

Control:  Prevents the consequence from happening

Mitigation: Does not prevent the consequence from happening, but lessens the severity of the consequence

Frequency Al

g
(==

Severity
Lontrol __Mitigation [

Takes e veenthe  Takes Effect after Top

mpmwmm Event has occured to
minimise further Conse- ¥
quences

- -
™ il COLLISION WITH

3 OBSTACLES
REJECTED Runway Enp
LANDING SAFETY AREA D) i

INABILITY
TO StoP
AIRCRAFT
N LDA
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[ ]

[ ]

Typical Hazard Barriers

Structures (jackets/decks) — preventive barriers
Hydrocarbon containment — preventive barriers
Chemical injection systems - preventive barriers

Relief systems - preventive barriers

Fire, gas & smoke detectors — recovery barriers

Ignition control — recovery barriers

Shutdown systems — preventive/ recovery barriers
Active & passive fire protection systems — recovery
barriers Fire water pumps & ring main — recovery barriers
Emergency response equipment — recovery barriers
Emergency communication & power — recovery barriers
Escape, evacuation &r escue provisions — recovery
barriers Life/survival equipment — recovery barriers
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Barrier effectiveness is a way to assess how well a barrier performs.

» The purpose of rating control effectiveness is to highlight areas of strength and

weakness within the bowtie, potentially using this information as a basis for a matrix based
risk assessment

* The results are typically displayed according to a color code (e.g. red for poor through to
green at for good).

» when creating your effectiveness scale consider the usefulness of allocating “average” as a

score =
=iii O ZEES
SESEEE R TEREs S
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Barrier's criticality

Not all controls will have the same importance with regard to the management of a specific event
differentiating control significance according to criticality provides benefits such as:

o focusing attention for the purpose of communication to stakeholders.
o highlighting which controls require a greater depth of detail in terms of escalation factor consideration

SAFETY EVENT NUMBER OF BARRIER
IMPORTANCE BARRIERS INDEPENDENCE e BARRIERS ON HIGH
\ﬁ - - CONTRIBUTORY SAFETY EVENT
3 1™ - ™ = ™ LINES ARE USUALLY CONSIDERED
Bt 38 S i MORE CRITICAL. SO, SAFETY
ZHBTY S I eveNh EVENT CRITICAL, BARRIER
PM Project PM Project DM Distribution |
Manager Manager | Manager CRITICAL.
LOW Low LOW Low MED Medium
Criticality ____Criticality Criticality * BARRIERS ON SAFETY EVENT
BEH Behavioural |BEH Behavioural A-HW Active

LINES WITH ONLY A FEW

H BARRIERS ARE USUALLY
Color lagend of Criticalities - , CONSIDERED LESS CRITICAL
<NULL> <No Value Assigned> ' DeF SN X COMPARED TO A BARRIER ON A
arrier
TBD To be decided / unknown P52 Do 2 LINE ON WHICH IT IS THE ONLY
B 2 LC Low Critical PM Project |

I MC Medium Critical Manager ‘ ONE. SO, MORE BARRIERS LESS

= m HC High Critical CRITICAL AND VICE VERSA.
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Escalation factors

A condition that leads to increased risk by defeatlng or
‘reducing the effectiveness of a bamer |

FACTOR

ESCALATION T

.

The following three escalation factor categories can be used :

Human factors: anything a person does to make a barrier less effective

Abnormal conditions: anything in the environment that causes a barrier to be put under strain

Loss of critical services: if a barrier relies on an outside service, losing that service might
cause it to lose effectiveness
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ESCALATION FACTORS BARRIERS:

* Barrier that manages the conditions which reduce the effectiveness of other barriers

* Escalation factor barriers are the same concept as all the previously discussed
barriers, but now they do not prevent/mitigate a top event or consequence from
happening, but they prevent a barrier from failing.

* The same principles that apply to normal barriers also apply to escalation factor barriers
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The advantages of using the Bow-Tie Analysis

* |t shows the problem clearly

* It highlight the threats that can cause the problem

* It display the controls (barriers) to prevent the problem occurring
* |t describes the potential consequences

* It identifies the recovery controls

* It identify tasks and responsibilities
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Step 1 : Enter the

Hazard(tnp* and the Event to be prevented

[Zo0]
Zoo1 - Caged Tiger




Step 2 : Enter the II hreatslthat could cause the event to occur

[Zoo]
Zoo1 - Caged Tiger

Keeper leaves gate
open

Tiger Escapes

Gate not strong
enough



Step 3 : Enter theLConsequencesl of the event occurring with
the assessed ris

[Zoo] )
Zoo1 - Caged Tiger o
Mauls /Kills member
of public
-l
Tiger Escapes i E




Step 4 : Enter the

occurring

Keeper leaves gate
open

Farrier Controls\to prevent the event

[Zoo]
Zoo1 - Caged Tiger

Gate not strong
enough

+ VP oE + YN
Gate salf closing Electric Gate Alarm
Yl - Yl
Designed/ built to )
International I"Spe“t'“"rreﬂt'"g of
Standards gat

Tiger Escapes

Maintence




Step 5 : Enter the Fecovery Control% to mitigate against the
consequences

[Zoo]

Zoo1 - Caged Tiger [ . ++ Y.
Mauls /Kills member
Search Plan Dart Gun of public
Zoo Keeper

Tiger Escapes

3
+ YW
‘ Insured Loss of Tiger

|Managing Director t| | ——




Step 6 : Enter the items that will cause 4 Control to fail\

. [Zoo]
Keeper leaves gate
open Electric Gate Alarm

Zoo1 - Caged Tiger

Tiger Escapes

Power failure




Step 7 : Define the Barriers for the‘i hreats to the Controls \

. [Zoo]
Keeper leaves gate
open Electric Gate Alarm

Zoo1 - Caged Tiger
F__ N
Power failure Uninterruptible power /
supply
( )




Knot= Hazard and
hazardous event (What
we don't want to happen)

Left Hand = i =

! Right Hand =
Threats that will Consequences
cause the

outcomes from the
hazardous event

? . ++ T.

‘ Mauls Fills mermber

hazardous event

[Zoo)
Zoo - Caged Tiger

FiFF N

= f. + ?’.
Keeper leaves gale

e Gate salf closing Electric Gale Alarm Saarch Plan Diart Gun o publ

|
i /
=+ T A | + .
Gate not sireng Desegned’ buill 1o ’
ancugh intamational e~ \ insured Les of Tiger
LY

Standards pate I

—— Mantanca Managing Director | (N1
| = Risk

The Story = Controls Assessment

Left Hand Side Protection
Right hand side mitigation




Example Software

ortareserd Cavgo tarks

2 01 - Hysmcarbons Cange Opeatons)y Pipeine, Hose Spliage
) « Hyarocarbone Cage Opemtons) Cargo Tark Ovefiow
HO1 P23 - Hysocadons Cag: Operstone) Tark faie
HO2 POY - Fusd, Burkers, OF (Port) Fre i the Engne Foom
M3 P01 - Oher fammable mstens’s (Port) Fre rn Accommodaton or Galley
H-04 P01 - Stding hazards (Foti'Loss of manceuwmng Colson, Groundng)
2 » Qsing hazards FotlNawgatonal err Colison, Groundng)
HL8 P01 - Bumarcy Pod) Loss of witesgit riegtty, s hll fale
HO8 P01 - Hagrt dMasancas [Pod) Personnal or obiect 18l from haght
H-03.701.01 - Obyects undar strese (a0 Operations)/Loss of moomng
H-15.P01 - Toéo pases and asphyoates (Pot) Bxpoeue 10 toos gases or aschyxe
Activtes
ETMM.A - Aeval nn Pon
ETMN.D - Depasire from Fot
CHR-O - Decharpng
CHMAL - Loadng
CHNT - Tank Claaning Opecstons

e S SRR S S S S

p Busrens Rk
P Haath E¥ecy
& Frorrmactal lamacs

Fallure of piv
arrangement

Corrosion

[ Thermat expansion of |
cargo

H-01 PO1-Hydrocarbons

;||

Hull flooding Potential |
Co  for loss of stabilty

Dscharge at sea
'-{}1 Poflution

N

P- A EB} RE3

N\ [ Firefexplosion

 CON S e

lpcs AC4 ELI RC4

Personnel injury/fatality



The risk can be easily assessed by selecting a category, e.g.

People, and then selecting an item from the risk matrix on the
consequence screen.

i Compguancs Densl ﬂ‘

Consequence Details

Irr\a'lanuls fKills memherﬂ
of public

T T | ]

oK Caniel L ¥ |

The results of the matrix selection are displayed in the consequence
box on the diagram

The categories and the matrix can be fully configured to meet your
needs
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Example Software

Threat definition

= [ Chenge n Opeating Parameters
= ¢ Controls
& woc
i# 9p SCEs
= . Seal Falure / Degradation

= 3 im;’as Spacfiad for Oparatng Condtions / LI n ked docu ment

Barrier

= P Documents
@ DEP 01.00.01.30Gen. - Defintion of tempersture. pressure and towcty levels :
= b Escalation Facters
2 [ Cranga n Compostion Outside of Design Envalops (002, H2S, pH_ ate ) - Escalatlon FaCtor
= qp Controls
B oc
= J} Pesode Production Samping

R Escalation Control

= SCEs
{e et Linked Activity/Task

& PCOOS - Poing Systams
& PCOOE - Ppeines
= l- Valve Seals $hat regure mainterance) are Martaned

1 g ac;:b:;:::rmu jmiad POB. Scheduing Conflicts, Weather Defays_ eic ) Linkage Of Critical

= &b Controls

& Schodeied Veve Lubrcation (549 P Systems

4




OXA>NP>I

The Bow-Tie Analysis

Events and

ircumstances
~____ BARRIERS __
—

/

Harm to people and

E\_ D

damage to assets

or environment \

,.ﬂ
I

Undesirable event with
potential for harm or damage

Engineering activities
Maintenance activities
Operations activities

—

|




HAZARD

Identify

Assess

Control

Recovery

/ ESCALATION \
ACTIVE

RE
‘ CONSEQUENCE L‘

MITIGATION MEASURES




Summary: Bow-Tie Analysis

1 What are our risks?

3 What could cause us to lose control? 4 How can the event develop?
What are the worst outcomes?
|

7 How might controls fail? 8 How do we make sure controls do not fail?




FACTORY FIRE EXAMPLE e

(' Industrial Relations

* Lower sales
- » Terrorists
x :mwm + Criminals * Death or injury

+ Staff training
« Welders

+ Electrical
motor
overload

+ Building damage

* WHS breach * Reputation

«  Weather

» Financial loss
« Inability to supply
contracted product

\

|
Oom=mTm

1

|

mOXCOWn

3 838 8 38 8
mOZmMCcCOoOmmnza200

77

| Failure to meet
profit or safety
= objectives.

* Maintenance
budget
+ Lightning




Failure through Imperfection

J B R vl V3 |

https://www.youtube.com/watch?v=ou88lei-52k



https://www.youtube.com/watch?v=P7Z6L7fjsi0



Managing Risk

Avoid: Redesign the process to avoid particular risks with
the plan of reducing overall risk.

Diversify: Spread the risk among numerous assets or

processes to reduce the overall risk of loss or
impairment.

Contfrol: Design activities to prevent, detect or contain
adverse events or to promote positive outcomes.

Share: Distribute a portion of the risk through a contract
with another party, such as insurance.

Distribute all of the risk through a contract
with another party, such as outsourcing.

Allow minor risks to exist to avoid spending more
on managing the risks than the potential harm.
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Public Acceptance of Risk

People are more likely to accept risks if :

* they understand dangers involved

* the danger is distributed equitably

* individuals can assume risk voluntarily

* individuals can control their exposure

* the risks are old

* there hasn’t just been a crash at their local airport
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Preliminary Hazard Analysis (PHA)

 PHA is a more formal technique that examines all the previously identified
hazards in detail

* The method concentrates on consequences of accidents and associated
corrective measures

Preliminary hazard analysis (PHA) is a semi-quantitative analysis that is
performed to:

1. Identify all potential hazards and accidental events that may lead to an
accident

2. Rankthe identified accidental events according to their severity
3. ldentify required hazard controls and follow-up actions
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Preliminary Hazard Analysis

* Previous experience (historic information)

e Review of hazardous materials including energy sources

* Interfaces with operators and the public
* Applicable legislation, standards and regulations
* Hazards from the environment

* Impact on the environment

Energy sources including electrical,
mechanical, hydraulic, pneumatic,
chemical, thermal, or other sources
in machines and equipment can be
hazardous to workers. During the
servicing and maintenance of
machines and equipment, the
unexpected startup or release of
stored energy can result in serious
injury or death to workers.
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The PHA report

FPrimarily driven by the PHA worksheet content, typically includes:
@ Hazard descriptions (source, mechanism, outcome (TLM)) top-level mishaps
@ Duration of exposure
@ Type of hazard
@ Targets (people, equipment etc)
@ Subjective risk per hazard (Likelihood and Severity)
@ Hazard controls
@ Safety verification
@ Actions required and clarifying notes
@ Administrative details (ID, status, names etc)

There is normally a covering report or letter
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PHA worksheet

Brief Descriptive Title (Portion of System/Sub-system/Operational Phases covered by this analysis):
Pressurized UnFo, Containment and Replenishment Reservoir and Piping ¢/ Startup, Routing Qperation, Standard Stop, Emergency Shutdown

in place. If Risk = not
accepiable, new
countermeasures must be
devedopad.

Probability Interval: | Date . Risk
25 years 25 Feb. 1993 Bethts Description of Countermeasures After
System Mumber: Analysis: E“’lma' - E Identify countermeasures by appropriate code letter{s):
= - ' - &
Srd-A [Chemilnt L » L | = |2 D = Design Altgra.mn E= Engmqemd S.-_ar&tg..- Featura
) Dﬂevmmn Dddltmn ilEg 'E % . 5 = Safety Device W = Warning Device E
Hazard Neo. | Description | 3 £ * F = Procedures/ Training E
3 : . . : e o 1 (] 2 .
Srd-A.a.042 — Flange Seal A-29 leakage. n | ¢ | 2 | Sumound flange with sealed annular stainless steel catchment |J| El 3
releasing pressurized '_-'nF':'n chemical E | m o 4 housing with gravity runaff conduit led to Detecio-Box™ mlo 31
mtsnTiaciaie from mni;mmam syslam. producing| containing deleclor/alarm device and chemical neutralizer (S/W). '
toxic vapors and attacking nearby equipment. | L | nspect flange seal at 2-month intervals, and re-gasket during L
annual plant maintenance shutdown [P}, Provide personal .4;
M A protective equipment [Schedule 4) and training for response/
Cleanup craw(SP).
Identify target|s) 1\,,_ J
[ [ |
Show mlljz:;d naggll;lianunerln A ssass worst-credible Severity,
g and Probabilty for Describe newly proposed Reassess
Describe Hazard Source, e
Moot that oulcome. Show Risk countermeasunes o reduce Probability! || Probability/Severity, and
Winral. cradihie Suleome {from assessment matrix) for Severity. how Risk (from assessme
Hazard "as-is" — i.e., with no Mote: These Countermeasures Must  natrix) for hazard, presumi
added countermeasures. be in Place Prior to Operation M COUNEMMEasUnes 1o

Prepared by/Date:

*“Target Codes:

T - Downtimea

F — Parsonngl
R — Product

E - Equiprment Approved by'Date:

W — Environmand




PHA

v .

499

Jac

[ oaegn) Jhse e Ol R n/Operational Phases :(_+a lag al sl —
‘-’}’“-"'“' | ¥ Pl and Replenish Reservoir and Piping ! Startup, Routine) s ' o' D¥s 3 3o o ulll (88 gl Lalil
Ueain ¥ interval: |, : 25 2
£ e bl )8 49 7Y | 1903 851'.0:. saliadll Cilel jall Caua g xg.k'
PM! Number: \,,-‘:"l-:_'f'_.:"" ' e ! M "_—’1’31 '_r T’ m’n’ b] —h-LM" )a \I\ {' "F“ -2
SroA(Chemnt) = | T nl|lz| 5[© D = Desian Alteration 4]l : S e H
SE A 3 g 3|3 | s=ssPW=Warming Dewce Bl <
= zard No Ha i & i H
Snd-Aa Flang eO4%SeaIA29—)- il 48 I o 3dell 2 sill e ofae s LIS aa 4355 catchment 11E|3
releasing pressuin =0 wnemic E |m ¢ 3 “...uLLJ ‘ '..)); ia | iall COHUU“ led to DO?BC‘D-BOX"‘ Il 8 3
intermediate from containment system. producing| CINaining detecicaalarm device ar | | wpemical nautralizer !Q'W) W ?
toxic vapors and attacking nearby equipment. ilaxa ,;l_;_..i =Ll doiall 2ely COH e LS WS sl A8 uand
P — s
- _ /‘ %Mwﬂ o HYE (4 Jpeayay, ]
Identy target(s) S //
T Y /
how Mdnrd alphanumeric worst-credible Seve
esgnator. and Probability for " Descnt : :
Describe Hazard Source, that outcome. Show Risk countermeasures to reduce Probability/ ||  Probability/Severity, and
Mechansm,
Worst-credible Outcome {from assessment matrix) for o O Risk (from assessme
Hazard "as-is" - L.e., with no sduzadl Dlel Yl oda alli dha, st m)lo:hazard. pmwm
added countermeasures.
in place. Ilﬂbkhﬂd
acceptable, new
countermeasures must be
developed
TP v e o= Targel o= - Personnel € - Equipment g [ e

L

T - Downtime

R - Product

V - Environment




Limitations

* The PHA is an upfront technique intended to identify hazarads at a
high level, by it’s nature not intended to deliver detailed causal

reasoning sufficient to identify complex accident causes or assess risk
guantitatively

* The objective of the PHA is to influence the design by establishing a
set of safety requirements, it is not to define the subsequent
implementation that satisfies those requirements
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Advantages

A PHA can Provide a good launch for the safety program
 Be done early in the system development

* Provide an inventory of hazards, for a system

* Assess hazard risks in a qualitative fashion

* Provides management data on which to base decisions
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Disadvantages

* A PHA cannot guarantee all hazards have been identified
* Provide a statement of total system risk
e Evaluate the combined effects of common cause events
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Conclusions

* A PHA has the lowest requirements for hazard analytical skills but also
the highest payoff in terms of identifying and controlling risk

* The purpose of the PHA is not to affect control of all risks but to fully
recognize the hazardous states and the system implications

* A single-pass analysis provides no evidence of the completeness (or
otherwise) of the PHA

* The PHA is the start of the safety program not the end, subsequent
analyses will refine and modify the initial list of hazards
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What is HAZOP?

Systematic technique to IDENTIFY potential HAZard and OPerating
problems

A formal, systematic and rigorous examination of the process

A gqualitative technique based on “guide-words” to help provoke
thoughts about the way deviations from the
conditions can lead to hazardous situations or operability problems

- Hazards are the main concern

- Operability problems degrade plant performance (product quality,
production rate, profit)

Considerable IS required - engineers working
independently could develop different results
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HAZOP

https://www.youtube.com/watch?v=N29Bw hbXfY



https://www.youtube.com/watch?v=N29Bw_hbXfY
https://www.youtube.com/watch?v=N29Bw_hbXfY
https://www.youtube.com/watch?v=N29Bw_hbXfY

HAZOP Study Process

Form a HAZOP team ﬁfﬁ

Identify the elements of the system P

Consider variations in operating parameters &

Identify any hazards or failure points A

M- .- A

o=,



The HAZOP Study Process

1. Form a HAZOP Team

To perform a HAZOPR a team of workers is formed, including people with a variety of expertise such as
operations, maintenance, instrumentation, engineering/process design, and other specialists as needed.
These should not be “newbies,” but people with experience, knowledge, and an understanding of their part of
the system. The key requirements are an understanding of the system, and a willingness to consider all
reasonable variations at each point in the system.

2. Identify Each Element and its Parameters

The HAZOP team will then create a plan for the complete work process, identifying the individual steps or
elements. This typically involves using the piping and instrument diagrams (P&ID), or a plant model, as a
guide for examining every section and component of a process. For each element, the team will identify the
planned operating parameters of the system at that point: flow rate, pressure, temperature, vibration, and so

orn.
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The HAZOP Study Process

3. Consider the Effects of Variation

For each parameter, the team considers the effects of deviation from normal. For example, “What would
happen If the pressure at this valve was too high? What if the pressure was unexpectedly low? Would the
rate of change in pressure (delta-p) pose its own problems here?” Don't forget to consider the ways that

each element interacts with others over time; for example, “What would happen if the valve was opened too
early, or too late?”

4. |dentify Hazards and Failure Points

Where the result of a varniation would be a danger to workers or to the production process, you've found a
potential problem. Document this concern, and estimate the impact of a failure at that point. Then,
determine the likelihood of that failure; is there a real cause for the harmful variation? Evaluate the existing

safeqguards and protection systems, and evaluate their ability to handle the deviations that you've
considered.
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HAZOP Methodology'

The HAZOP analysis process 1s executed n four phases as illustrated below:

Definition
*Define scope and objectives

Preparation
*Plan the study

*Define responsibilities
*Select Team

Documentation and
follow-up
*Record the examination
*Sign off the documentation
*Produce the report of the

study A —

*Follow up that actions are
implemented

*Re-study any parts of system
if necessary

*Produce final output report

P -Collect data

*Agree style of recording
*Estimate the time
*Arrange a schedule

Examination
*Divide the system into parts
*Select a part and define design intent

*Identify deviation by using guide words on each
element

*Identify consequences and causes
*Identify whether a significant problem exists

*Identify protection, detection, and indicating
mechanisms

*Identify possible remedial/mitigating measures
(optional)

*Agree actions

*Repeat for each element and then each part
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Purpose of HAZOP

* |t emphasizes upon the operating integrity of a system,

thereby leading methodically to most potential and
detectable deviations which could conceivably arise in

the course of normal operating routine

- including "start-up " and "shut-down" procedures

- as well as steady-state operations.

It is important to remember at all times that HAZOP is a
hazard identification technique and not intended as a
means of solving problems nor is the method intended to
be used solely as an undisciplined means of searching
for hazardous scenarios.




HAZOP (e Al

(il g LSO Aliall g Alaiaall S8 i) adaaa
@l Jadill (55 ) Blaws (8 LA () Sy

"l el 5 Ml et Silel pal ey 8 e -

- 5 thwall Aladl Gllee ) 48LSYL

il 4385 & HAZOP o) <8 Y1 ares 3 S35 (f agall (1
ol Ll LS DA Jad A S diaadie Sy Hhlall

5 il




Example deviation

P




Example Cause

Strainer blockage due to impurities in dosing
Tank T1
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Example Consequence

Loss of dosing results in incomplete separation
in V1

Cavitation in Pump P1, with possible damage if
prolonged

V1 b QS e Jusd S e jall ol a5
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Example Safeguards

Deviation | Cause | Consequence -m

Local pressure gauge in discharge from pump
will help detect the problem




Example Action

Solution 1: Fit a strainer in the suction to the
pump

Solution 2: Fit a differential pressure gauge
across the strainer with a loud alarm to reveal

blockage

: Fit a duplex strainer with a regular
schedule of changeover and cleaning of
standby.




e yal " e

" -‘-‘\ - . .

S | SRS ) s W =

e éﬁm b lie K502 Jall
sy e —aosl J‘LC- )].‘u} & aldaall

PR T S PO ' 2 - . -
_nga_j_):,x_ufxauAJgi._;tAﬂ_j;_sﬁ')Ag'MuS)':a J;.“

Aadlia slaaall




Strength of HAZOP

HAZOP is a systematic, reasonably comprehensive and flexible method.

It is suitable mainly for team use whereby it is possible to incorporate the
general experience available.

It gives good identification of cause and excellent identification of critical
deviations.

The use of keywords is effective and the whole group is able to participate.
HAZOP identifies virtually all significant deviations on the plant, all major
accidents should be identified but not necessarily their causes.
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Weakness of HAZOP

« HAZOP is very time consuming and can be laborious with a tendency for
boredom for analysts.

* |t tends to be hardware-oriented and process-oriented, although the
technique should be amenable to human error application too.

* |t tends to generate many failure events with insignificance consequences
and generate many failure events which have the same consequences.

* |t stifles brainstorming although this is not required at the late stage of
design when it is normally applied.

 HAZOP does not identify all causes of deviations and therefore omits many
scenarios.
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Weakness of HAZOP

* It takes little account of the probabilities of events or consequences,
although quantitative assessment are sometime added. The group
generally let their collective experiences decide whether deviations
are meaningful.

* HAZOP cannot readily handle multiple-combination events.

* When identifying consequences, HAZOP tends to encourage listing
these as resulting in action by emergency control measures without
considering that such action might fail. It tends to ignore the
contribution which can be made by operator interventions.
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Safety Engineering

Mechanical Hazards and Machine Safeguarding
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Mechanical Hazards

o Mechanical hazards are those associated with power-driven
machines, whether automated or manually operated

e Concerns about such hazards date back to the Industrial
revolution and the earliest days of mechanization

o Failure to provide proper machine guards and enforce their
use can be costly for companies.
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COMMON MECHANICAL INJURIES

* In industrial settings, people interact with machines designed to drill,
cut, shear, punch, chip, staple, stitch, abrade, shape, stamp, and slit.

* If workers fail to follow safety precautions, these procedures can
happen to humans, instead of work pieces.

o Common Mechanical Injuries: P
e Cutting and Tearing >
* Shearin G, T N
. g | Puncturing ) - / /g ( Shearing
¢ C r u S h I n g \ N s lv/ Mc;?:r:::w?;:nl >\) » X .
* Breaking \
. . 4 e M T B " | /__/‘\;:,.\
L St ra I n/s p ra I n ' s":,',r:,'"g ) [:./ Crushing )

* Puncturing g
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Strains/Sprains, Cuts, Shearing Injuries

oA strain results when muscles are overstretched or torn, a sprain
results from torn ligaments in a joint.
e Strains and sprains can cause swelling and intense pain.

o A cut occurs when a body part comes in contact with a sharp edge.

* Seriousness of cutting or tearing depends on damage done to skin, veins,
arteries, muscles, and even bones.

oPower-driven shears for severing paper, metal, plastic, elastomers &
composites are widely used.

* Such machines often amputated fingers & hands when operators reached under the
shearing blade, and activated the blade before fully removing their hand.
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Crushing Injuries

* Crushing injuries occur when a part of the body is caught between
hard surfaces that progressively move together—crushing anything
between them.

* Two categories:

v’ Squeeze-point hazards exist when two hard surfaces, at least one of them moving, push
close enough together to crush objects between them .

v Run-in point hazards exist where two objects, at least one of which is rotating, come
pogressively closer together .

* Body parts can also be crushed in other ways
— A heavy object falling on a foot;
- A hammer hitting a finger.
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Crushing Injuries

* Meshing gears and belt pulleys are examples of run-in point hazards.

Motion



Breaking

o Machines used to deform engineering materials in a variety
of ways can also fracture—break—bones.

A simple fracture is a break that does not pierce the skin

A compound fracture is a break that has broken through the
surrounding tissue and skin.

A complete fracture divides the affected bone into two or more
separate pieces.

An incomplete fracture leaves the affected bone in one piece but
cracked.

A transverse fracture is a break straight across the bone.
An oblique fracture is diagonal.

A comminuted fracture exists when the bone is broken into a
number of small pieces at the point of fracture. b

vvvvvvv

Soné Fractures
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Puncturing

oPuncturing results when an object penetrates straight into the body
and pulls straight out.
* Creating a wound in the shape of the penetrating object.
* The greatest hazard is potential for damage to internal organs.

# Hazard occurs at point of operation,

where stock is held A DANGER
operation, where

Puncture Hazard Worker holds and
Sharp Point withdraws stock

¢ Hazard typically
occurs at point of

' Keep hands clear
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SAFEGUARDING DEFINED

o The National Safety Council (NSC) defines safeguarding as...

* Machine safeguarding is to minimize the risk of accidents of machine-operator
contact.

o Two Basic Principles:
* Use distance to separate person from hazard
* Place a physical barrier between the worker and the hazard

o Three Broad Categories of Safeguarding:
e point-of-operation guards,
* point-of-operation devices,
» feeding/ejection methods.
OSHA 1910.211-212
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REQUIREMENTS FOR ALL SAFEGUARDS

o NSC requirements for safeguards:

* Prevent contact - Safeguards should prevent human contact with any potentially
harmful machine part

* Be secure and durable - Workers cannot render them ineffective by tampering
with or disabling them
v’ Durable enough to withstand the rigors of the workplace
* Protect against falling objects - Shield moving parts from falling objects, which
can hurled out, creating a projectile

* Create no new hazard - Safeguards should overcome the hazards in question

without creating new ones
v’ Sharp edges, unfinished surfaces, or protruding bolts



O lilaall dadldl ida gl pdaall Skt
| s

¢ lehiant 5l Loy Camll 535k o Lgilad Iyl Jleall (S Y - diia s 3l (555

v Jaxl (S0 5 gud Jontl i) Lo diia
o a3 o (S Ay Adailuiall sla) e A8 jaiall o) 3aY) dlea - Adailodiall alua¥) (e dilesll
o g8a (1 oS ) (52 Lae (Al
¢ dinall Hlaladl e cllaall QIS ) sy - s lad gl 8 ) pae
CATAENSSVIEC . RUTARA PN

v 5kl el gl LSl pe mdalY) gl csalall ol gal



REQUIREMENTS FOR ALL SAFEGUARDS

oNSC requirements for safeguards:

* Create no interference - Safeguards that interfere with progress of work are
likely to be disregarded or disabled by workers feeling the pressure of
production deadlines.

 Allow safe maintenance - More frequently performed maintenance tasks
(lubrication, etc.) accomplished without the removal of guards.
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POINT-OF-OPERATION GUARDS

o The point of operation is the area on a machine where work is performed

o Single-purpose safeguards are typically permanently fixed and
nonadjustable

* Because they guard against only one hazard

o Multiple-purpose safeguards are typically adjustable
* They guard against more than one hazard

-

When the doors are opened, the ™%
" milling tool stops automiatically.
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POINT-OF-OPERATION GUARDS

* There are 4 basic requirements to consider (OSHA and ANSI) when
choosing a point-of-operation guard. They are:
1. hands/fingers can’t reach through, over, under, or around.
2. does not create secondary hazards between guard and machine parts.
3. offers good visibility (for the operator) when required.
4. uses fasteners not readily removable (requires a tool to remove/adjust).

* Two additional considerations (from ANSI B11.1-2009) for best safety
practices include:
1. materials strong enough to protect the operator and others
2. constructed of material free of sharp edges
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POINT-OF-OPERATION GUARDS

oFixed guards are suitable for many specific applications, can be
constructed in-plant, require little maintenance & suitable for high-
production, repetitive operations.

oDisadvantages can include limited visibility, limitation to specific
operations & inhibiting normal cleaning and maintenance.

Fixed guards
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Interlocked Guards

olnterlocked guards shut down the machine if not securely in place, or
if they are disengaged.

* Allows safe access to remove jams or to conduct routine maintenance
without taking off the guard.

* These guards require careful adjustment and maintenanc S

cases, can be easily disengaged. guards

Fixed guards
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Interlocked Point-of-Operation Guard



POINT-OF-OPERATION GUARDS

» Adjustable guards provide a barrier against a variety of hazards that
are associated with different production operations

e Advantage is flexibility.

* They do not provide as dependable a barrier as other guards do, and

require frequent maintenance & careful adjustment.

Adjustable
guards

Interlocked

guards

Fixed guards
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POINT-OF-OPERATION GUARDS

. - |
- .\
|
)
' v
Ny«

This door protects the operator inthe event
of an exploding or shattering grinding wheel.




POINT-OF-OPERATION GUARDS

" . 4 e [ -
The safety door on this machine must §
11 be closed or the drill will not operate.




POINT-OF-OPERATION DEVICES

oPhotoelectric devices are optical devices that shut down the machine
whenever the light field is broken

* Limitations include:

— They do not protect against mechanical failure

— They require frequent calibration

— They can be used only with machines that can be stopped

— They do not protect workers from parts that might fly out of the point-of-
operation area.

o Radio-frequency devices are capacitance devices that brake the machine if
the capacitance field is interrupted by a worker’s body or another object.

* With the same limitations as photoelectric devices
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POINT-OF-OPERATION GUARDS
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POINT-OF-OPERATION DEVICES

o Electromechanical devices are contact bars allowing only specified
movement between worker & hazard.

e If tI'Ime worker moves the contact bar beyond the specified point, the machine will not
cycle.
v Requiring frequent maintenance and careful adjustment.

o Pullback devices pull the operator’s hands out of the danger
zone when the machine starts to cycle.

* They limit operator movement, must be adjusted for each individual operator &
require close supervision.

o Restraint devices hold the operator back from the danger

zone—with little risk of mechanical failure.

* They also limit the operator movement, must be adjusted for each individual
operator, and require close supervision.
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Pullback
mechanism

Pullback straps

Wristbands

10}

Close-ups of wristlet
assemblyfor pullback
device

Restraints
with Two
Operators

Restraints with two operators
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POINT-OF-OPERATION DEVICES

oSafety trip devices include trip wires, trip rods, and body bars, which
stop the machine when tripped
 While simple, all controls must be activated manually

o Two-hand controls require the operator to use both hands
concurrently to activate the machine

* Ensures that hands cannot stray into the danger zone
v Some can be tampered with & made operable using only one hand

o Gates provide a barrier between the danger zone and workers

* They can obscure the work, making it difficult for the operator to see
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Lockout/Tagout Language

— Lockout - Placing a lockout
device on an energy-isolating
device to prevent accidental
or inadvertent energizing of
a machine during servicing.

— Lockout device - Any device
that uses a positive means to
keep an energy-isolation device
in the safe position to prevent

accidental/inadvertent energizing.

Locked Out By:

Hector Paraz
Elactrical Maintenanca
Ext. 964

is a safety procedure used to ensure that dangerous equipment is properly
shut off and cannot be started up again before the completion of
maintenance or repair work? It requires that hazardous energy sources be
"isolated and rendered inoperative" before work is started on the
equipment in question. The isolated power sources are then locked and a
tag is placed on the lock identifying the worker and the reason the LOTO is
placed on it.
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DANGER \

This tag may be
removed only by:

Simpson McGraw
Maintenance Department
Ext. 218

-

Lockout/Tagout Language

— Tagout - Placing a tag on
an energy-isolation device
to warn people so that they
do not accidentally or
inadvertently energize a
piece of equipment.

— Tagout device - Any
prominent warning device
that can be affixed to an
energy-isolation device to
prevent the accidental
energizing of a machine.

*Why the lockout/tag out is required (repair, maintenance, etc.).
*Time and date of application of the lock/tag.

*The name of the authorized person who attached the tag and
lock to the system.
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TAKING CORRECTIVE ACTION

oWhat should be done when a mechanical hazard is observed?

 The only acceptable answer is immediate corrective action, and specific
action depends on the problem.

Problem

Action

Machine is operating without the safety guard.

Maintenance worker is cleaning a machine that
is operating.

Visitor to the shop is wearing a necktie as he
observes a lathe in operation.

An operator is observed disabling a guard.

A robot is operating without a protective barrier.

A machine guard has a sharp, ragged edge.

Stop machine immediately and activate the
safety guard.

Stop machine immediately and lock or tag it out.

Immediately pull the visitor back and have him
remove the tie.

Stop the operator, secure the guard, and take
disciplinary action.

Stop the robot and erect a barrier immediately.

Stop the machine and eliminate the sharp edge
and ragged burrs by rounding it off.




® ol Y Ading g (g ) (Sl
AlSGL e daall

-

ol a) 3a3 A A sl s gl Alay)

J—"—“-‘ﬂ-‘.)..:-.f'
8 5 Jlaey Jale b 5l

by sals U Sy Jany
‘U_;-L-A PU-N aala dals 4l 411 Hé'—'él-g

UCE el )
.\;"-Ai ‘-Jél,' SR _1/‘.’: aIyl .5"‘5 '\a;x.‘.uu Ps ]) a1 q:é,‘»
sl nance worker | ) i At Aol Lo a5l Lgdlel, 1,8 A0 iy
.U‘ "l
¢ axd 4..:_):...4-&.; il ):').‘AA.\A:! 1s he W ) ada el g 17 g8 calall I

-1 !

Al 4l

;-\):|_>J sdﬁ\)ﬂu_.:.js_,ca.‘.\x_ns}\

Lals

s e als olin a8g 5 g il a8l

e Dile gl g 3alall adlsd \‘ul)b,s,q_;lqsl
Lo 5 3k o Ay




https://www.workplacesafetynorth.ca/news/news-post/ghost-
machine-protect-yourself-injury
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Noise and Vibration

« Noise in the modern workplace poses
two safety- and health-related
problems.

= Noise can distract workers and disrupt
concentration, which can Ilead to
accidents.

= Exposure to noise that exceeds
prescribed levels can result in
permanent hearing loss.
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Hearing Loss Prevention Terms

« Terms common to hearing loss

prevention:
= Attenuation: Real-world baseline
audiogram - the estimated sound

protection provided by hearing
protective devices as worn in ‘real-
world” environments.
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Hearing Loss Prevention Terms

« Terms common to hearing loss
prevention:

= Baseline audiogram - a valid
audiogram against which subsequent
audiograms are compared to determine
if hearing thresholds have changed.

= Continuous noise - noise of a constant
level measured over at least one second
using the "“slow” setting on a sound
level meter.
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Hearing Loss Prevention Terms

« Terms common to hearing loss prevention:

= Decibel (dB) - unit used to express the
intensity of sound, named after Alexander

Graham Bell.
A logarithmic scale in which 0 Db
approximates the threshold
of hearing in the midfrequency for young
adults.
The threshold of discomfort is between 85
and 95 dB.

The threshold of pain is between120 and
140 dB.
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« 90 dBA for 8 hours
- 95 dBA for 4 hours
- 100 dBA for 2 hours
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Hearing Loss Prevention Terms

« Terms common to hearing
loss prevention:

= Dosimeter - the
instrument that measures Jk e jall Gibis
sound levels over a =l e
specified interval, stores i“:ij ?;9‘
the  measures, and | iu<o,op
calculates the sound as a ww, e
function of sound level

and sound duration.
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Hearing Loss Prevention Terms

« Terms common to hearing
loss prevention:

= Exchange rate - the
relationship between
intensity and dose.

OSHA uses a 5-dB
exchange rate—if  the
intensity of an exposure
increases by 5 dB, the
dose doubles, also referred
to as the doubling rate.
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Hearing Loss Prevention Terms

« Terms common to hearing loss
prevention:

= Hazardous Noise - any sound for
which any combination of frequency,
intensity, or duration is capable of
causing permanent hearing loss in a
specified population
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Hearing Loss Prevention Terms

« Terms common to hearing loss
prevention:

= Hearing threshold level (HTL) -
hearing level, above a reference value,
at which a specified sound or tone is
heard by an ear in a specified fraction of

the trials.

Hearing threshold Ilevels have been
established so that dB HTL reflects the best
hearing of a group of persons. Hertz (Hz).
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Hearing Loss Prevention Terms

« Terms common to hearing loss
prevention:

= Impulsive noise - impact or impulse
noise typified by a sound that rapidly
rises to a sharp peak & quickly fades.

The sound may or may not have a
“ringing” quality (such as striking a
hammer on a metal plate, and may be
repetitive, or may be a single event—like
a sonic boom.
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Hearing Loss Prevention Terms

« Terms common to hearing loss

prevention:
= Noise - any unwanted sound.
= Noise dose - the noise exposure

expressed as a percentage of the
allowable daily exposure.

OSHA considers a 100% dose equals an
eight-hour exposure to a continuous 90-
dBA noise.
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Hearing Loss Prevention Terms

« Terms common to hearing loss
prevention:

= Noise-induced hearing loss -
sensorineural hearing loss attributed to
noise, for which no other etiology can
be determined.
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FIGURE 22-2 Selected sound levels.

Source Decibels (dBA)
Whisper 20
Quiet library 30
Quiet office 50
Normal conversation 60
Vacuum cleaner 70
Noisy office 80
Power saw, lawn mower 90
Chain saw 90
Grinding operations 100
Passing truck 100
Gunshot blast 140
Jet aircraft 150
Rocket launching 180
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Characteristics of Sound

- The three broad types of industrial noise are
described as follows:

= Wide band noise - noise that is distributed
over a wide range of frequencies.

Most noise from manufacturing machines is
wide band noise.

= Narrow band noise - is confined to a narrow
range of frequencies, such as that produced by
power tools.

= Impulse noise - transient pulses that can
occur repetitively or nonrepetitively, such as
noise produced by a jackhammer.
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Hazard Levels and Risks

« Exposure to excessive noise levels for
an extended period can damage the
Inner ear.

= Ability to hear high-frequency sound is
diminished or lost.

Additional exposure can increase damage

until even lower frequency sounds cannot
be heard.
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Hazard Levels and Risks

- Factors hearing loss associated with exposure to excessive
noise:

= Intensity of the noise (sound pressure level).

= Type of noise (wide band, narrow band, or impulse).

= Duration of daily exposure.

= Total duration of exposure (number of years).

= Age of the individual.

= Distance of the individual from the source of the noise.
= Nature of environment in which exposure occurs.
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Hazard Levels and Risks

« The most critical factors are

sound level, frequency, duration,
and distribution.

« Exposures of less than 80 dBA
may be considered safe for the

purpose of risk assessment.
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Hazard Levels and Risks

« A (threshold) of 85 dBA should be the
maximum limit of continuous exposure
over eight-hour days without
protection.

isall g paill i) aal 5 6 o ca
Al s Juany 85 (Aie) cile L wa paal

ey

Occupational Safety and Health, Eighth Edition Copyright © 2015 by Pearson Education, Inc.
ALWAYS LEARNING p y g pyrig y - PEARSON

David L. Goetsch All Rights Reserve



FIGURE 22-3 Critical noise risk factors.

Distribution

Duration

Frequency

Noise
level
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Standards and Regulations

« OSHA regulations require the
implementation of hearing conservation
programs under certain conditions.

= OSHA regulations should be considered
minimum standards.
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Standards and Regulations

- ANSI standards provide a way to
determine the effectiveness of hearing
conservation programs such as those
required by OSHA.

« NIOSH bases most of its materials on
OSHA regulations, although it makes
recommendations that exceed OSHA
regulations in some cases.
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OSHA Regulations

« OSHA 29 CFR 1910.95 requirements for
hearing conservation programs are as
follows:

= Hearing hazards monitoring.

= Engineering and administrative controls.
= Audiometric evaluation.

= Personal hearing-protection devices.

= Education and motivation.

= Record keeping Program evaluation.
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Engineering and Administrative

Controls

« Administrative controls are changes in
the work schedules or operations that
reduce noise exposure.

= The practice of rotating employees
between quiet and noisy jobs may
reduce the risk of substantial hearing
loss in a few workers, but actually
increase the risk of small hearing losses
in many workers.
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Engineering and Administrative

Controls

A more practical administrative control
is to provide for quiet areas where

employees can gain relief from
workplace noise.
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Audiometric Evaluation

- Audiometric evaluation is the only way
to determine whether hearing loss is
being prevented.

= OSHA uses the term standard
threshold shift to describe an average
change in hearing from the baseline
levels of 10 dB or more for the

frequencies of 2,000, 3,000, and 4,000
Hz.
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Audiometric Evaluation

- Audiometric evaluation is the only way
to determine whether hearing loss is
being prevented.

= NIOSH uses the term significant
threshold shift to describe a change of
15 dB or more at any frequency of 500 -
6,000 Hz from baseline levels, present
on an immediate retest in the same ear
and at the same frequency.
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Audiometric Evaluation

- Audiograms should be performed on the following
occasions:

= Preemployment/prior to initial assignment in a
hearing hazardous work area.

= Annually while the employee is assigned to a
noisy job.

= At time of reassignment out of a hearing
hazardous job.,

= At the termination of employment.

- Employees who are not exposed should be
given periodic audiograms as part of the
organization’s health care program.
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Personal Hearing Protection

Devices

- A personal hearing protection device
(or “hearing protector”) is anything that
can be worn to reduce the level of
sound entering the ear.

= Earmuffs, ear canal caps & earlus are
the 3 main types.
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Personal Hearing Protection

Devices

- Regardless of the kind of ear protection
device used, it is important to
remember the four Cs:

= Comfort,

= Convenience,

= Communication (the device should not
interfere with the worker's ability to
communicate),

= Caring (workers must care enough
about protecting their hearing to wear
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Fit Testing

- With all PPE fit is an important
consideration.

« A poor fit can undermine the
effectiveness of any kind of PPE
including hearing protection devices
(HPDs). Fit testing is a process for
ensuring the best possible fit of HPDs.

« The goal is to ensure that the HPD fits
the individual properly as well as the
situation.
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Record Keeping

« Audiometric comparisons, reports of
hearing protector use, and analysis of
hazardous exposure measurements all
involve the keeping of records.
= Records are often kept poorly because

there is no organized system, and those

responsible for maintaining the records
do not understand their value.
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Workers” Compensation & Noise

Hazards

« Because about 15% of all
working people are exposed
to noise levels exceeding 90
dBA, hearing loss may be as
significant in workers’
compensation costs in the
future as back injuries,
carpal tunnel syndrome, and
stress are now significant.
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Identifying/Assessing Hazardous

Nolse

- Identifying and assessing hazardous
noise conditions in the workplace
involve.

= Conducting periodic noise surveys.

= Conducting periodic audiometric tests.
= Record keeping.

= Follow-up action.
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Other Effects of Noise Hazards

- Noise can cause communication
problems, isolation, and productivity
problems.

« Noise can also be detrimental to
productivity by interfering with an
employee’s ability to think, reason, and
solve problems.
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Corporate Policy

« Organizations with the most successful hearing loss
prevention programs address the following areas:

= Policies should be based on effective practices
rather than on minimum compliance with
government regulations.

= The hearing prevention program must be a
functional part of the overall company safety &
health program.

Not a stand-alone, separate-budget operation.

= A key individual (or program implementor) should
have ultimate responsibility for the program.

= Employee & administrative compliance with the
program.
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Safety Culture

« The term safety culture is a misnomer
in that it implies that safety is a
standalone, nonintegrated concept that
can occur in a vacuum.
= An organization's safety culture or lack

of it is an important part of its larger
corporate culture.
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Safety Culture

« What is meant by the term "safety-first
corporate culture"?

= A safety-first corporate culture exists

when assumptions, Dbeliefs, values,
attitudes, expectations & behaviors in
an organization support a safe, healthy
work environment for all personnel.
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Safety-First Corporate Culture

Defined

- Evidence of an organization's corporate
culture:

= Are safety & health top priorities in the
organization?

= Are personnel recognized & rewarded
for working safely?

= Js safety a major consideration when
decisions are made?
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Safety-First Corporate Culture

Defined

- Evidence of an organization's corporate
culture:

= Do  executives and management
personnel make it clear that safe
behavior is the expected behavior in all
cases?

= Are employees encouraged to make
their views known about the quality of
the work environment?
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Safety-First Corporate Culture

Defined

- Evidence of an organization's corporate
culture:

= Does peer pressure among workers
support or undermine safety?

= Do the organization’s rules support or
undermine safety?

= When conflicts arise between
productivity and safety, are they settled
in favor of safety?
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Importance of a Safety-First

Culture

- The market force behind the need for a
safety-first corporate culture is
competition.

= Also the moral obligation to provide a
safe & healthy environment for workers
and the practical obligations that grow
out of regulatory compliance.
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Importance of a Safety-First

Culture

« A business failing to provide a work
environment  conducive to peak
performance & improvement will—in
the long run—fail.

« To survive & thrive in a global
environment, organizations must be
innovative, adaptable, flexible, lean,
productive, and able to continually
improve processes, products, people,
and services.
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Safety as a Cultural Imperative

- Companies that can consistently
outperform the competition in cost,
quality, and service will win the daily
battle of the global marketplace.

- Doing the things necessary to provide
superior value—such as providing a
safe, healthy work environment—
requires a certain corporate culture.

= Global business competitiveness is built
on cultural foundations.
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Safety as a Cultural Imperative

« Companies that attempt to adopt the
world-class practices needed to
compete globally without first
establishing a world-class culture are
like hastily built houses constructed
without a solid foundation.
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How Corporate Cultures Are

Created

 Value systems of executive-level
decision makers are often reflected in
their organization's culture.

= How managers treat employees and how
employees at all levels interact are also factors
that contribute to the organizational culture.

= What management expects of employees and
what employees expect of management are
factors that contribute to an organization's
culture.

Occupational Safety and Health, Eighth Edition Copyright © 2015 by Pearson Education, Inc.
ALWAYS LEARNING Al rights reserved PEARSON

David L. Goetsch



A gal) ALY L) 408K o

8l 8 cpdanl) )l g lia (ol all dadail uSasi Lo Gl o
Jeldi 43y sl 5 ¢paada gall 05yl L dalay ) A3y L)

S Jalsall e Wil 223 il siusall pran o (il sall
Ao gal) A8 JCES 8 ags

O (O 5aka sall 428 g1y Lo g ¢ (pila gall (e (g paall and gy Lo
A el A8E 3 agt Jal s ¢ paall

ALWAYS LEARNING Occupational Safety and Health, Eighth Edition Copyright © 2015 by PearzﬂnRnghutgaggge,r{/récd P E A RS O N

David L. Goetsch



How Corporate Cultures Are

Created

- Corporate cultures in organizations are
based on:

= What is expected, modeled, passed on
during orientation.

= What is taught by mentors, included in
training.
= What is monitored, evaluated, and

reinforced through recognition and
rewards.
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A Safety-First Corporate Culture

- A safety-first corporate culture has the
following characteristics:

= Widely shared agreement among key decision makers that a safe and
healthy work environment is essential.

= Emphasis on the importance of human resources to the organization
and the corresponding need to protect them.

= Ceremonies to celebrate safety & health-related success.

= Agreement that the work environment most conducive to peak
performance and continual improvement is a safe and healthy work
environment.

= Recognition and rewards given to high-performing workers and teams
include safety and health-related performance.

= Customer focus with product safety as a critical concern.
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A Safety-First Corporate Culture

- A safety-first corporate culture has the
following characteristics:

" Insistence on safety & health as part of supplier relations.

= Effective internal network for communicating safety & health
information and expectations.

" Informal rules of behavior that promote safe and healthy work
practices.

= Strong pro-safety corporate value system as set forth in the strategic
plan.

= High expectations and standards for performance relating to safety &
health.

= Employee behavior that promotes safe and healthy work practices.
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Steps to a Safety-First Culture

- Steps to establishing a safety-first
corporate culture:

= Understand the need for a safety-first corporate culture.

= Assess the current corporate culture as it relates to safety.

= Plan for a safety-first corporate culture.

= Expect appropriate safety-related behaviors and attitudes.

= Model the desired safety-related behaviors and attitudes.

= QOrient personnel to the desired safety-first corporate culture.

= Mentor personnel in safety-related behaviors & attitudes.

= Train personnel in safety-related behaviors and attitudes.

= Monitor safety-related behavior and attitudes at all levels.

= Reinforce and maintain the desired safety-first corporate culture.
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Understand the Need for a Safety-

First Culture

- Everyone from the CEO of the
organization to the newest employee
should understand and be able to
articulate the following factors that
support the need for a safety-first
corporate culture in organizations.
= An organization's corporate culture

determines the normal and accepted
way things are done in the organization.
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Understand the Need for a Safety-

First Culture

- In the same way that work practices of
individuals become habitual, work
practices of organizations become
cultural.

= They become ingrained and codified in
the organization's unwritten rules.
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Assess the Current Corporate

Culture

- Does an organization have a safety-first
corporate culture?

= The answer should be the result of
thorough assessment.
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Assessment Instrument
Safety-Related Aspects of the Corporate Culture

The executive management team is attempting to determine if our organization
has a safety-friendly corporate culture. Please assist us in the endeavor by
indicating your responses to the following questions using the code provided below:

CF = Completely false

SF = Somewhat false

CT = Completely true

ST = Somewhat true

XX = Do not know or not applicable

Safety and health are high priorities in this organization.

Key decision makers view providing a safe and healthy work environment as a
positive competitive strategy.

Our organization considers employees to be valuable assets who should be
protected from workplace hazards.

Employees are recognized and rewarded for working safely.

Ceremonies are held to celebrate excellence in maintaining a positive safety
and health record.

Safety and health are critical factors in all decisions made in our organization.

Personnel at all levels agree that the most conducive environment for peak
performance and continual improvement is a safe and healthy work
environment.

Managers and supervisors make it clear by their words and actions that the
safe way is the right way.

Employees are encouraged to speak out when they have concerns about
safety and health issues.

Internal peer pressure and unwritten rules support working safely.
Managers and supervisors are good role models for safe behavior on the job.
Our organization focuses on product safety for customers.
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Plan for a Safety-First Corporate

Culture

- Results of the assessment should be
used as the basis for planning for
establishment of a safety-first
corporate culture or enhancing one that
exists.
= The plan should be based on the results

of a comprehensive and thorough
assessment.
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Expect Appropriate Behaviors and

Attitudes

- If you want people to work safely, you
have to let them know that safety is
expected.

= Through job descriptions, team charters

& examples set by supervisors and
managers.
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Model the Desired Behaviors and

Attitudes

 Nothing speaks louder to employees
than the examples—good or bad—set
by supervisors and managers.

= If people in positions of authority want
employees to work safely, they must set

a consistently positive model for doing
so themselves.
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Orient Personnel to Desired

Behaviors & Attitudes

« Anything and everything relevant to the
corporate culture should be introduced
and explained during the new employee
orientation sessions— including
expectations relating to safety & health.

= Human resources personnel who conduct
the orientation sessions should be
encouraged to emphasize that in this
organization the right way is the safe way.
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Mentor Personnel in Desired

Behaviors & Attitudes

« Once personnel have completed a
comprehensive orientation, the next
step is to assign them an experienced
mentor who exemplifies the desired
safety-related behaviors and attitudes.

= Mentors help guide inexperienced
personnel until they gain the experience
necessary to work safely without
assistance.
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Mentor Personnel in Desired

Behaviors & Attitudes

« Once personnel have completed a
comprehensive orientation, the next
step is to assign them an experienced
mentor who exemplifies the desired
safety-related behaviors and attitudes.
= Mentors answer questions, make

suggestions, and provide guidance, and
set a positive example.

Occupational Safety and Health, Eighth Edition Copyright © 2015 by Pearson Education, Inc.
ALWAYS LEARNING Al rights reserved PEARSON

David L. Goetsch



4o gllaall a8 gall g LS gLid) gad adda gall LS ) o

MJAUMSJL;@U ¢ Jl&) aaa gl u)s.k}d\d&u\m o

A iy (e Fased andl ) ALl oLl )Y

ALWAYS LEARNING Occupational Safety and Health, Eighth Edition Copyright © 2015 by Pearson Education, Inc. P E A RS O N

David L. Goetsch All Rights Reserved



Train Personnel in Desired

Behaviors & Attitudes

« Never expect employees to do anything
they have not been trained to do.

- Never assume that employees know
now to do anything without having
peen trained.

- Do not assume that employees know
now to work safely—teach them how.
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Monitor/Evaluate Behaviors &

Attitudes

- It is critical that supervisors and
managers monitor their direct reports
and correct all unsafe work practices
immediately.

= Another reason for monitoring
employees and correcting them
immediately is that work practices
become habitual.
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Monitor/Evaluate Behaviors &

Attitudes

« In addition to monitoring on a daily
basis, it is important to make safety-
and health-related behaviors part of
formal performance evaluations.
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Reinforce & Maintain the Safety-

First Culture

- Organizations should never stop doing
what is necessary to maintain a safety-
first culture.

= It is not a goal an organization achieves
and then moves on to other matters.

= [t is a state of being that must be
reinforced constantly or it will be lost.
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Reinforce & Maintain the Safety-

First Culture

- Strategies to reinforce a safety-first
culture:

= Reward safe work behavior by making it
an important factor when promoting
workers to higher positions.

= Reward safe work behavior by making it
an important factor when giving workers
wage increases.
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Reinforce & Maintain the Safety-

First Culture

- Strategies to reinforce a safety-first
culture:

= Reward safe behavior by making it an
important factor when giving
performance incentive awards to
workers.

= Recognize safe work behavior by
making it an important criterion when
singling out workers or teams for
recognition awards.
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Reinforce & Maintain the Safety-

First Culture

- Strategies to reinforce a safety-first
culture:

= Encourage supervisors to verbally and
publicly recognize workers who are
doing their jobs safely every day as
they monitor work performance.
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Safety in Engineering

Fire and Safety
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Objectives

* To understand how to avoid fires
and fire related injuries.
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* To create awareness of fire deaths
and injuries and their common
causes.
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* To inform participants of their
personal responsibility toward fire
safety and injury prevention.




Introduction

There were 14,561 fires reported in Minnesota in
2010.

e 39 civilian deaths

e 137 reported civilian injuries

* 5152 million in property damage
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What is FIRE ???

S~
OXYGEN

¥ R4

FUEL e

Fire is the rapid oxidation of a material in
the exothermic chemical process of burning,
releasing heat, light and various reaction produc
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Extinguishing a Fire

o Extinguishing a Fire: a fire can be extinguished by removing
any one of the three elements. In practical fire-fighting terms,
this translates as starvation, cooling, smothering, and
interference:

« Starvation is the process of depriving the fire of fuel, i.e. combustible
materials.

« Cooling is depriving the fire of heat, e.g. by applying a substance such
as water that will absorb heat from the fire and reduce the temperature
below the critical level needed to sustain the fire.

 Smothering is the process of depriving the fire of the oxygen needed
to sustain the combustion process.
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Fire Extinguishing Method  Fire Extinguishing Principle

£—
1. COOLING : Extinguishing fire by Water.

2. SMOTHERING: Extinguishing fire by Foam.

3. STARVATION: Extinguishing fire by removing
burning components.
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* Class A

* Class C
* Class D
* Class E

Types of Fire

i(ﬁ
-;
© 1

K

Ty

* Class B
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Class A

Fires involving solid materials
such as wood, paper or
textiles.

Extinguishing medium- Water.

} aaal)

B 3 e dats ) el
oGyl gl adal) S
Wl gl

* bl - olidaY) Ay




Class B

— 4aal)

* Fires involving flammable
liquids such as petrol, diesel
or oils.
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*Extinguishing medium-
Foam,CO,,DCP (Dry Chemical
Portable Extinguisher).
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Class C

z 4adl

* Fires involving gases such as
Methane (CH,),Propene

(C3H5),LPG(Uqueﬁed petroleum gas).
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* Extinguishing medium- DCP,
CO,Water.
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Class D

* Fires involving metals
such as Aluminum,
Magnesium, Cupper etc.

* Extinguishing medium-
DCP, Sand, Dry Soil, Lime
Stone, Ash.

* Warning : Do not use
Water in this type of fire.
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Multi-Class Ratings

Many extinguishers available today can be used on different types
of fires and will be labeled with more than one designator, e.g. A-B,

This label shows that this extinguisher
can be used on ordinary combustibles
(A) or flammable liquids (B). The

B-C, or A-B-C.
A B

red slash through the last symbol New Style of Labeling
tells you that the extinguisher cannot
be used on electrical fires (C). A

Electrical
Combustibles Liquids Equipment

Be advised that most fire Ordinary Flammable
extinguishers will function for
less than 40 seconds.

Old Style of Labeling
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Portable Fire Extinguishers

LIMITED IN: A g G5y y s

e Capacity - 1.5to 25 Ibs. of
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extinguishing agent el T 15 e e
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* Range - Typically 3 to 15 feet

 Duration - Discharge their o 1 e £ 2
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Portable Fire Extinguisher Safety

* How to use of Fire Extinguisher
* The P.A.S.S. Method

* Itis easy to remember how to use a fire extinguisher if
you can remember the acronym PASS, which stands for
Pull, Aim, Squeeze, and Sweep.

* Pull the pin.
This will allow you to operate the extinguisher.
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Portable Fire Extinguisher

e The P.A.S.S. Method Cont.

* AIM at the base of the fire.

Point the extinguisher nozzle (or hose) at the base of
the fire.

* Sgueeze the lever above the handle. This

JT X discharges the extinguisher agent. Releasing the lever
r{;f/j:g l,- jk) will stop the discharge.
Ay Ir

7
| SIS
| /SQUEEZE
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Portable Fire Extinguisher Safety

e The P.A.S.S. Method Cont.

= Sweep from side to side.

Moving carefully toward the fire, keep the
extinguisher aimed at the base of the fire and
sweep back and forth until the flames appear to be
out. Watch the fire area. If the fire re-ignites,
repeat the process.
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Important Safety Elements

* Alarms
—Smoke
— Carbon Monoxide i

* Fire extinguishers

* Residential Fire Sprinkler Systems

What are the OSHA standards for
CO exposure?

* The OSHA PEL for CO is 50 parts per million

{ppm). OSHA standards prohibit worker
exposure to more than 50 parts of CO gas per
million parts of air averaged during an 8-hour
time period.

The 8-hour PEL for CO in maritime operations
is also 50 ppm. Maritime workers, however,
must be removed from exposure if the CO
concentration in the atmosphere exceeds

100 ppm. The peak CO level for employees
engaged in Ro-Ro operations (roll-on roll-

off operations during cargo loading and
unloading) is 200 ppm.
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Smoke Alarms
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Breathing smoke can kill you! - / |l 8 A 3Lt

® Smoke is toxic. o L e
® If you must escape through € e iyl e S 1Y
smoke, i)
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Alarm Placement & Maintenance

® Make sure you can hear the
alarm in every place in your
home.

® They should be loud enough to
wake you from sleep.

Check them once a month.

Chan ge the batteries once a year.

chlacc them every 10 years.
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Fire Extinguisher

* A fire extinguisher is an
active fire protection device
used to extinguish or control
small fires, often in
emergency situations. It is
not intended for use on an
out-of-control fire,
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Fire Extinguishers Inspection

Confirm the extinguisher is visible, unobstructed, and in its designated location.
Verify the locking pin is intact and the tamper seal is unbroken. Examine the
extinguisher for obvious physical damage, corrosion, leakage, or clogged nozzle.
Confirm the pressure gauge or indicator is in the operable range or position, and lift
the extinguisher to ensure it is still full.

Make sure the operating instructions on the nameplate are legible and facing
outward.

Check the last professional service date on the tag. (A licensed fire extinguisher
maintenance contractor must have inspected the extinguisher within the past 12
months.)

Initial and date the back of the tag.
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v Obstructions

Inspectors look for obstructions to:

» Fire strobe lights

» Fire protection alarm systems

» Obstructed electrical panels

* Fire sprinklers (see sprinklers for more details)
» Exit doors, corridors, and aisles

Keep fire protections systems and equipment clear.
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v Sprinklers

Inspectors look for: . -
» Fire sprinklers obstructed by storage or shelving
* Fire protection systems

Maintain a minimum 18 inches of clearance between a sprinkler head and anything
below it.

An obstructed sprinkler cannot detect heat and operate, allowing fire to spread until the
next available sprinkler is activated. During one campus lab incident the sprinkler closest to the fire's origin
probably would have extinguished the flames. Obstructions blocking the sprinkler prevented it from activating.
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Choose an appropriate location

» Avoid storing flammable liquids on high shelves or in direct sunlight.

« Store flammable liquids in a well ventilated area.

» Caution: Never use environmental rooms (also called cold/ warm rooms) to store flammable, combustible, or
other hazardous materials. Environmental rooms have many ignition sources and little or no outside air
circulation. You can use small guantitites of flammable or hazardous materials (500 ml) in these spaces, but
do not store them there.
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