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* AvaAuon yeEyovotwyv
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AvaAuvon eyovotwy

* Avaluon: Baoiletal o€ KATIOLO POVTEAO ATUXNUATWVY
* [MoAAarmAol, aAANAEVOETOL MOPAYOVTEC

e Kowwviko-texvikn dtaotaon: TEXVIKEC OOTOXLEC,
rniepBoaAlovtikol mopayoviec aAAd Ao TO UPLOTAUEVO
nAailolo achaleloc (puOLLOTIKEC apXxeC N KUBepvnoeLc)
* Qudetepotnta Kot apepoAnia



AvaAuon leyovotwyv Kowoviko-Ttexvikn Ataotaon

Research
discipline

Political science,
Law, Economics,
Saciology

Economics,
Decision Theory,
Organisatinal
Sociology

Industrial
Engineering,
Management &
Organisation

Psychology,
Human factors,
Human-machine

Interaction

Mechanical,
Chemical, and
Electrical
Engineering

Government

Safey reviews,

Public_] -—
opinion [ Judgsment Accident analysis
v
Laws Bmmmj‘
Associations
Judgement < Incident reports
v
Regulations Company
Judgement < Operations reviews
Y
Company Management
Policy
Judgement *—— Logs & work reports
U
Plans Staff
Judgement “—— Observations, data
Y
Action Work

Hazardous process
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levels of education

Fast pace of
technological
change



AvaAuon leyovotwyv Kowoviko-Ttexvikn Ataotaon

Tpeic Npooeyyioelc Avaluonc

1. Zupmepaopoatikn: Ao 1o YEVIKO oto £L0LKO. MpoomnaBela va npocdloplotolyV oL Tpomol
LLE TOUC OTTIOLOUC N CUUTIEPLOPA TOU CUCTAUOTOC, TOU OTOLXELOU, TOU XELPLOTH KaL TNG
opyavwonc cuBAaAAoOUV O0TNV AMWAELX KAVOVTOC XPNOoN YEVIKWY neBodwv (r.x. FTA).

2. Emaywylkn: ATo €l6LKO 0TO YEVLIKO. YTTOOETOUUE OTL EXEL CUUPBEL it CUYKEKPLULEVN
ATMWAELA. 2TN CUVEXELX KaBopiletal ola Ba elval Ta ATTOTEAEOUOTO TNC OCUYKEKPLUEVNC
aMwAELOC 0T AELTtoupyia Tou cuotnpatoc (m.x. FMECA)

3. H popdoloyikn mpoosyylon Baoiletal otn Sopn TOU CUCTMOTOC TTOU MEAETATOL.
EmiikeVTpwVETAL APECO 0€ SUVNTLKA ETIKIVOUVEC KATOLOTAOELC UE OTOXO va avaAuBouv
Ol TIAPAYOVTEC TIOU €XOUV TN HeEYaAUTEPN enidpacn otnv aoPpalela. € avtou Tou
eldouc tnv avaluon o avaAutnc Baoilletol otnV MPOTEPN EUTELPLA TOU OTNV
SlepevvNON ATUXNUATWY KOL TTEPLOTATLKWV.



MeBodoL Avaluonc

Core Analvtical Techniques

Events and Causal Factors Charting and Analysis
Barrier Analysis

Change Analysis

Root Cause Analysis

Complex Analytical Techniques
For complex accidents with multiple system failures, there may in addition
be need of analvtical technigues like analviic tree analysis, e.g

FFault Tree Analysis
MORT (Management Oversight and Risk Tree)
PET (Project Evaluation Tree Analysis)

Specific Analytical Techniques

Human Factors Analysis

Integrated Accident Event Matrix

Failure Modes and Effects Analysis

Softtware Hazards Analysis

Common Cause Faitlure Analysis

Sneak Circuit Analysis

72-Hour Protile

Materials and Structural Analysis

Scientific Modelling (e.g.. for incidents involving criticality and
atmospheric despersion)

Mnyn: DOE (1999)




MeBodoL Avaluonc

Investigation method

Accident Anatomy method (AAM)

Action Error Analysis (AEA)

Accident Evolution and Barrier Analysis (AEB)
Change Evaluation/Analysis

Cause-Effect Logic Diagram (CELD)

Causal Tree Method (CTM)

Fault Tree Analysis (FTA)

Hazard and Operability Study (HAZOP)

Human Performance Enhancement System (HPES)'

Human Reliability Analvsis Event Tree (HRA-ET)

Multiple-Cause. Systems-oriented Incident Investication (MCSOII)

Multilinear Events Sequencine (MES)

Management Oversight Risk Tree (MORT)

Systematic Cause Analysis Technique (SCAT)'

Sequentially Timed Events Plotting (STEP)

TapRoot™ Incident Investigation System'

Technique of Operations Review (TOR)

Work Satety Analysis
MnynA: CCPS (1992)



Altiatol MNopayovteq

TPELC TUTTOL ALLTLATWYV TTOPAYOVIWV:
m Apeoa outia

m Epeoa attiec

m [eveoloupya attia



Altia Ko MopayovTeq

TpeLc TUTIOL ALTLATWY TIOPOLYOVIWV:
m Apeoa attia

Ta apeca avayvwpLlolpa yeyovota N cuvOnKeC mou TIPOKAAECOV
TO atuYNua
m Epeoa aitia

[eyovota 1) ouvOnKkecg mou ocuAAoOYLKA LLE AAAEC atLtieg emedpaocoav
EVIOYUTIKA OTNV TPOKANGCN €VOC ATUXNOATOC
m [eveoloupya aitia OL nopayovteg ou, eav dtopbwBouv, Ba
anotpePouv TNV emavainyn tTwv OLwv N TOPOHUOLWY ATUXNUATWV.
(ZuvnBwc maboyevelec aVEMAPKELEC TOU ouoTNUATOC SlaxeipLlong
aoPAAELOC TOU CUOTAMATOC N TNC Sloiknong Tou opyovicUoU)



Events and Causal Factors Chartin:

UQ

Condition )
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Events and Causal Factors Chartin:

UQ

Symbols m [ — Events
m ¢ — Accidents
m 2 — Conditions
u — Presumptive events
] -_‘ — Presumptive conditions or assumptions
n — Connect events
m --» — Connect conditions
m » — Transfers one line to another
m LTA— Less than adequate; a judgment of the board
Events m Are active (e.g., "crane strikes building®)
m Should be stated using one noun and one active verb
m Should be quantified as much as possible and where applicable {e.g.,
"the worker fell 26 feet,” rather than, “the worker fell off the
platform®)
m Should indicate the date and time of the event, when they are known
m  Should be derived from the event or events and conditions
immediately preceding it.
Conditions m Are passive (e.g., "fog in the area”)
m Describe states or circumstances rather than occurrences or events
m As practical, should be quantified
m  Should indicate date and time if practical/applicable
m Are associated with the corresponding event.
Primary Event Encompasses the main events of the accident and those that form the
Sequence main events line of the chart.
Secondary Encompass es the events that are secondary or contributing events and
Event those that form the secondary line of the chart.
Sequence Mnyn: DOE (1999)




Events and Causal Factors Chartin:

UQ
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A D Condition
2 \ \ ) N - "
Pipeftters arrive . /~ Worker N\ / > Actident
on site to begin | Conaete dab is / grikes 13.2 kY ™\ ‘
work preparations cutandremoved =< pnmary feeder > [ y Transfer
1010096 \, cable / /
G 3¢ rd
.\}3,34 a.m; LTA Less Than
o Adequate

~

Stage 2.
(Facts and conditions known after review ing witness statements and conducting walk-through)
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Stage 4
(Facts and conditions known after inteviews, reviews of documentary evidence)

P ipe fitter goes WS work P reliminary
on annual leave and [ Package doesnot drawings place
acting pipeftter identify underground sump at basement

oreman assigned utilities entry doorway

: g Pipefitters arrive
WS pipefitter foreman (acting) receives Pipefitters receive on site to begin
work package — work package [~ work preparations
11098

Conceptual
drawinge do not
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slmciiely

Approval given hy
engineering firm
oversight

Pipeftters verbally
comm unicate the
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grade utility sumps 11196

WS safety
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Types of Barriers

Physical Barriers

Conduit

Equipment and
Engineering Design

Fences

Guard Rails
Masonry
Protective Clothing
Safety Devices
Shields

Warning Devices

Management Barriers

Hazard Analyses
Knowledge/Skills

Line Management Oversight
Requirements Management
Supervision

Training

¥Work Planning

Work Procedures




Barrier Analysis

Hazard: 13.2 kV electrical cable

Target: Acting pipefitter

What were the
barriers?

How did each
barrier perform?

Why did the barrier fail?

How did the barrier affect the accident?

Engineering drawings

Drawings were
incomplete and did
not identify electrical
cable at sump

Engineering drawings and construction
specifications were not procured

Drawings used were preliminary

Existence of electrical cable unknown

location
No as-huilt drawings were used fo
identify location of utility lines
Indoor excavation Indoor excavation Pipefitters and utility specialist were Opportunity to identify existence of cable
permit permit was not unaware of indoor excavation permit missed
obtained requirements

Personal protective
equipment

Personal protective
equipment was not
used

No hazard controls were required for
jackhammering

Pipefitter not protected from electric shock

Mnyn: DOE (1999)




Events and Causal Factor Analysis

Event Chain

{ Causal Factor)
/

: ; : A
Ask questions to Y Gausai Eantot
. { H
determine causal
factors (why, how, S—
what, and who) 25 Why did the system
: o % allow the conditions
\ Condition to exist?
Condition l
v Why did this
How did the conditions originate? | Condition | event happen?
Event l—-) Event — Event — Event

Mnyr: DOE (1999)



vents and Causal

A\

Factor Ana
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TIP

Not all event chams will produce causal factors. However. it 1s important to prepare a
complete set of events in order to understand the circumstances leading up to the
accident and to assure that all significant events have been identified.

= e AP
l\’) G ond ition

’\
) Accident

[ > Trarcfer

< >Root Cause

PR

Mnyn: DOE (1999)



Route Cause Analysis

Root Causes

Tier Causal Factors (Optional Column)
¥l \\ T e _y Root Cause #1
Y N | 5 ot IS

|
?/\\T,, Root Conse #3

Mnyn: DOE (1999)



Route Cause Analysis

Tier

Typical Integrated Safety Management Responsibilities

Sample Questions for Consideration in Assigning Causal Factors to Management

Levels

Tier 3: Lower Management

m Develop procedures fo implement plans and
programs

Ensure hazard awareness and communication
Cwversee work planning and execution
Solicit and use worker input

Implement corrective actions

Were required procedures developed and kept curment to assure a safe worker
environment?

Did management implement required programs for worker safety?

'Was management aware of problems regarding procedure implementation and
compliance?

'Was management involved in the work planning, confrol, and execution process?
Did management have a system for eliciting feedback on work-related hazards?

Did management take timely corrective actions when problems occumed or were
identified?

Did management have a system for identifying and disseminating work process
lessons leamed?

‘Was stop-work authority defined for first line supervisors and their staff?

Tier 2- Supervision

Control the work scope

ldentify hazards

Implement hazard controls

Authorize jobitasks

Provide feedback and lessons leamed

Were supervisor's work instructions adequate to allow the work to be performed
safely?

VWas the work environment safe?
'Were required procedures provided or communicated to the worker by supervision?

Did the supenvisor provide feedback to management on prior incidents and/or safety
concerns?

Did the supenvisor discuss job hazards with the worker prior to starting work?
Did the supenvisor implement timely cormective actions based on previous incidents?

Did the supervisor confirm the readiness to perform work prior to the execution of
work?

Did the supernvisor provide the worker with the proper tools and equipment to
periorm the work safely?

Did the supenvisor define stop-work authority for workers?

Mnyn: DOE (1999)



