


AT gy B

« Why do accidents happen? This question has
concerned safety and health decision-makers
for decades, because in order to prevent
accidents we must know why they happened.
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Sequential model (simple linear)

e Decomposable in parts (probability of parts-fault tree)
* Chain of events (domino effect)

e Humans are another chain

* Route cause

- Epidemiological model (complex linear)

Domino Theory (Heinrich, 1931)

" o e Decomposable in parts
o _" N e Latent failures (management and/or design)
-—-— e Pathogens activated by other factors/errors

* Degradation of barriers/defenses

Systemic model

» Decomposition does not work for socio-technical systems -
emergent properties

B j,:_-'?g » Socio-technical systems are non-linear
- -Ei’%'ﬁ" y * Accidents result from unegpec_ted combinations (resonance)
¥ 3% ﬁ“&{h of normal performance variability
—> Gl » Safety requires constant ability to anticipate to future events

avoiding resonance
FRAM (Hollnagel, 2000)
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Unsafe workplace conditions: (Check all that apply)
O Inadequate guard

0 Unguarded hazard

0 Safety device is defective

O Tool or equipment defective

O Workstation layout is hazardous

0 Unsafe lighting

O Unsafe ventilation

O Lack of needed personal protective equipment
O Lack of appropriate equipment / tools

O Unsafe clothing

O No training or insufficient training

a Other:

||| USA department of labor and industries
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Unsafe acts by people: (Check all that apply)
O Operating without permission

O Operating at unsafe speed

O Servicing equipment that has power to it.

O Making a safety device inoperative

0O Using defective equipment

O Using equipment in an unapproved way

O Unsafe lifting by hand

O Taking an unsafe position or posture

O Distraction, teasing, horseplay

O Failure to wear personal protective equipment
O Failure to use the available equipment / tools
O Other:
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32 AHZALER

IMMEDIATE CAUSES
UNSAFEACTS - s

* Protective equipment or guord provided but not used

* Hazordous method of handling (failure to woich for shorp or
slippery objects and pinch points; lifting; loase grip, etc.)

« |mproper tools or equipment used despite availobility
of proper tools

* Hazordous movement {running, stepping on o dimbing over,
throwing, et.)

unsarecovomons

* |neffective safety device

* No safety device olthough one is needed

* Hazordous housekeeping (e.q., material on floor, poor pifing,
congested oisles)

« Equipment, took or moachines defective

* Improper dress or opparel for job

* Improper illumination, ventilation, and so on

\

JCET

[ -

TYPE
o Being cought in  ®Fall @ Eruption or
or between *Slip ex
mechonicol or ~ ®Slide @ Burn
other objects  # Collision
 Annoyonce
* Production deloys
© Reduced quality
.m
* Property domage
© Minor injury
© Disabling injury
7|22l STy
CONTRIBUTING CAUSES )
‘ SAFETY ‘ MENTAL ‘ PHYSICAL
MANAGEMENT CONDITION CONDITION
i PERFORMANCE B OF WORKER B OF WORKER
B o Instruction inodequate W e Lock of safety oworeness W o Extreme fatigue
mm  * Rules not enforced mm © lock of coordination g ® Deafness
- « Safety not plonned os - * Improper attitude * Poor eyesight
part of the job * Slow mental reoction * Lock of physicol
BN e nfrequent employee ~ WII o |ngttention B quolification for job
won  safefy contocts g * Lodk of emotional stobility g ® Hearing condition
* Hozards not corrected * Nervousness © (rippling or other
* Safety devices not * Temperomentalism hondicop
provided )

|£2{| USA department of labor and industries
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Immediate Causes
Unsafe Acts: Unsafe Conditions:
Operating without authority Inadequate guards and devices
Failure to make secure Inadequate warning systems
Failure to observe / Use warning devices Work environment
Nullifying safety devices Excessive noise
Using defective equipment Hazardous placement or storage
Using equipment unsafely Inadequate physical contact
Taking unsafe position, Improper physical effort /act Untidy site
Influence of alcohol / drugs, Horseplay Weather
Failure to use PPE Inadequate PPE
Failure to follow procedure; Inattention Inadequate isolation

Underlying Causes ‘

Lack of competence Improper motivation
Inadequate supervision Inadequate maintenance / inspection
Inadequate job instruction Inadequate engineering design
Inadequate physical/mental capacity Inadequate work / safety procedure
Inadequate planning/organisation Inadequate procedure

|£2| USA department of labor and industries
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5. 48 X2| 22 (Ramsey)

Exposure to hazardous situation

Y [ .
3 Sensory skills,
No| Perceptionof | | perceptual skills,
hazard state of alertness.
Yes —
h Experience, training,
No | Cognition of mental ability,
hazard  pews====== memory abilities,
etc.
Yes L
€ i
v Experience, training,
No Dedision to attitude, motivation,
avoid  fmmmmmm=es risk=taking tendencies,
personality.
Yes L
v [
- Anthropometrics,
Ability to : x '
No avo‘{d __________ biomechanics,
motor skill, etc,
Yes =
3
Unsafe Safe
» Chance
behavior behavior
VY VvV Vv h 4
Chance No accident

A

“hoddont e (Ramsey, 1985)
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HJHX 2| 2E(Bently)

Latent failures Active failures

Design factors
= environmental design
* plant and equipment
= activity/task
» clothing/footwear

« gte. ——» Exposure to hazardous situation

v

Work organisation/ — hazard perception no —®
Management factors yes
= production pressure ¢ Y
= operational decisions »
* equipment decisions — | Individual — L hazard cogniton no — |
» shift scheduling factors B { yes !
= safety culture + age
* risk and safety management s fi isi
. e!{c 2 fltnessfhealth{V|5|on —  decision to avoid no —
2 * perceptual skills i
* risk taking tendency y
t : t « task-related behaviour l
" use ol equipment/ | abilitytoavoid no
E footwear
Natural, often relatively yes
« gtc.
uncontrollable, factors l
A 2
Environmental factors AVOID INJURY
* climatic/weather conditions
« outdoor underfoot =
environment/ | Unsafe behaviour
surface contaminants l
= underfoot trip hazards
sl » RISK OF STF INJURY

(Bentley, 2009)
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6. E0|-+FHX2|2H(Surry)
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| OUTCOME (IUURY, DNNAGE ETC) | XH3H (Surry, 1969)

Source: Based on Surry 1969.
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Surryo| 2=

MAN AND ENVIRONMENT
Waning of danger MIde?ﬁ
PERCEFTION Perception of waming? v
b ‘\." i v
0 v
Recognition of waming? : v 2
& v v
. R . T
COGNITIVE ]
FROCESSES Perception of avoidunce mode? ¥ ¥ g
r-. v v v l
¥ v v v
v v v
. Dedision fo attempt to avoid? v v v B
¥ v v v v U
PHYSH} - * v v v v I
OGO+ Abiiy o ovoid? 1 v v v ¥ .k
5 Ky v v v v D
o Kl
P W R v v v v U
6 v v v L v P
HAZARD —IMMINENT DANGER
Wwﬁmotdungerrelmse?ﬁ
<
ES D R
" AE
PERCEPTION Percaption of waming? .4 g :
- & v EA
v RS
Recognifion of woming? v E
t" v v
COGNITIE i v v
" r v v EP
PROCESSES Recugnnouofmmdtrmmude?ﬁ pd v v ME
& v v v EL
: v v v E II]
Decision fo atfempt fo avoid? v v Y £
<2 v v v v N
PHISIO: & < v v v v C
weici, bty to ovoid? i v v v v !
RESPONSE ©_ . f v v v v v
&K (R4 v v v v
! £ v v v v v
NO DAMAGE INJURY AND/OR DAMAGE (Surry 1969)
’
- Source; Surry 1969.
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8. SHELL 2%

LIVEWARE CENTRAL HARDWARE
LIVEWARE

3

ENVIRONMENT




9. NTSBS| 4M R &

Machine
7| AldH|
cl-2 el

OIE{mo]A

W-SA AAZ A0 AR E|LE LA BH0 = A-E
NTSB(National Transporation Safety Board) O|= A%} W-S0r 23]

L
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10. Harvey 3E 2

» Ara1o| R QIuf 2= 3E At A 115

7|= Engineering Enforcement

- 7[A2H], SZeEA & =A 8%
ﬂ'-a‘ Education
— O 1g|Zt= AF B3 y

1A Enforcement
_HO BR SAILY G S o AMHEAEA (LELSH, 2003)
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12. Accimap

Government

Govt Policy &
Budgeting

Laws Regulators,
Associations

|

-t

Regulatory
Bodies and

Associations

Y

egulaton
I Company

R

. L

"
Company
Management /

Y

CO-’T‘.’}JH,M

Policy

|

anagement

L

Technical & * \
Op‘-"ﬂ.'.‘c(,‘.’]f
Ma f}.’ig!_'{ry_-”:

Y

Plans Staff

|

. L

Physical A
Process &
Aclor Activitios
\! v

\

Action

Work

\Hazardous process

>

Equioment & \

Surroundings

32 A=A

Rasmussen(1997)
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n Noonmmm‘-n::‘
- In 2008, under the Lee administration, 1 i T Y. PIES '
g5 the maximum allowable age for a _ Nooversight from the authoritative or oversight  delayed action for rescue

L _l E% hip ) years to employment of irregular Body M BRLA IR attempts (BB =,
£= 30years (Yoon, 2014). worker (Koleilat, 2014). SEZAR, 2014). 2014, uly 02).
>
33
o

)

MIE= Ak10)| CHet 24

Leeetal. (2017)

Regulatory Bodies and
Associations

Area Planning

Company Management and Local

Involved
5

Technical and
Operational
Management

Accidental Flow of Events and Acts

Outcome

3%} 1H3H ES AI' E% Fig. 2. The developed AcciMap framework for the analysis of the Sewol Ferry accident.




13. STAMP

« STAMP(Systems Theoretic Accident Model and
Processes)

o A AlSIOIIA EXIQITI=HHO] AlGHZ AR EFAY
Control Algorithms

Setfr::ints
Controller =
b
Actuators Sensors
A
Controlled Measured
Variables Variables
> Controlled Process
—_— —>
Process Inputs lr Process Outputs

Disturbances

3% el ZAR Leveson (2004) 65




Unsafe Control Action

STAMP 24 0f

Failure to maintain safe control of

aircraft below 250 feet

PILOT
Failure to
understand control
Inputs required Process model
Incorrect inputs Correct control inputs, i Feedback not
to aircraft controls | Feedback, Safety regulations presented to pilot
Inputs made but z
: for flying below 250 feet
not received by Feadback not
aircraft comprehensible to pilot
Feedback presented
(ACTUATOR) (SENSOR) Rt
) ) Failure of feedback about aircraft controls
Failure of aircraft controls
Incorrect feedback about aircraft controls
Aircraft d t
Aabiichatin Delayed feedback about aircraft controls
respond correctly
HAWK 7

to control inputs

Failure of aircraft components

Aircraft behaviour (i.e. altitude, speed) is unsafe

Failure in communications
between aircraft systems
and feedback technologies

Stanton(2019)
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14. FRAM

 FRAM (Functional Resonance Accident Model)

Time Control N 7Rt

(C)
~

PE)
0)

[

il

0
)

Function

\\ / V PP = b= :
. il/R=] RSP
P) & el = Pt

Precondition Resource =,

/ i \ o = ; 2
Input@ » -<\ fctvity/ /}-- {0, Output e JINT Y \= —

oY

7|2 ) FRAM 541
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FRAM £4 of

D A/C-1pilot& AN functions

O AJC-1 aviomics ept —,
1
@ Oslo APP control W

. Gardermoen TWR control
{ ) Ground equipment

N
5 . d) Pilpt informed
of G/$ failure

2) Trunsfer requested -

to TWR frq
4) Frequency still
sel o APP
¢) AP disconnected
14:43:27
- 3.2
@©
i o
®@ @©
S > }_/ 1
/
1) APP-Pil A \\
3 ) APP-Pilot: \ y
3) Pilot-APP: 2 / .\ —~
confirm transfer to coufpet TWR G —{  Auto-pilot o)
TWR fic on TWRing / N
b Pilot ) b} TWR-pilot: /

inform afc \/—<
of GfS failure b b
- e ®

Osio APP . - . - G7S lost
@- © 3 —© @ © eoss

control )) —
"T’"J (R) \ Glideslope
A Pty @ transmission e

¢

°

ﬁ
Gl

a) no GfS signal

14:42:55
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Accident Propoged Factors Chject Hurnan Orzanisational  Modalarity  Simple Cornple Systernatic
cauzaton modsl year definidon factors factors factorz chain chain mmezh
APT 19149 3 3 ) 3 3 e 3 3
r ] o] x ] ] x 3
Accident liability 19489 3 ) . 3 3 ] i 3
Aecident epiderniolozy 1949 3 ) . 3 3 ] 0 3
Bird'sroodsl 1058 e ') ) e} '] e w e
ETT/ EARM 1968 3 ] ] ] O x 'S 3
Jurny'zmods] 19649 w u i w ) 1 u w
Halz'smodezl 1970 3 i . 3 3 ] 0 3
Wigglemworth'smodel 1972 = P ) = = ] = =
Lawrznce'smodal 1974 3 3 ) 3 3 e 3 3
Fitagawa'smodal —_ ¥ ] i & ') ) x ¥
OIT 19803 * ] ] [ 1 1 ® *
Tripod Betamodel 19803 ® . ® ® ® ® ) ®
Uisigs cheazapondal  1000) ® @] @] @) . . = *
riods —— w ] ] ] w ® [ w
Bowe-Tiz roodel 19903 ® . ® ® ® = ] ®
LAccillap 1997 x i i . e ® ® .
CREAN 1998 3 ') ) e} 3 3 3 e}
Jtewart' s model 2001 3 ') ) e} '] 3 e 3
HEACS 2001 ] (] (] ] 1 3 1 3
(START ) * o) O ) o ” ” )
QOAC 2008 3 ) . ) '] 0 0 )
aale) | 2010 3 ] ] ] ' x x ]
SHIFP 2011 3 ] ] ] O x x ]
IPICA 2011 ¥ ] ] ] e x x ]
LEREAMN 2012 ® ] ] ] ® ® ® [
TeCIMART frameworls 2016 ® . . I ) ® ® I
24Mode] (V4.0 2018 ] ] (o] ] ' x x ]
APT: Acddent Prone Tendency; OIT: Orbit Interszcting Theory; ETT: Energy Transfer Theary; EARM: Energy Accidental Relzaze Modely OAC: Occupational Acddent Model;
QOGN Offshore Oil and GazModel
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