Journal of the Korean Society of Safety ISSN 1738-3803 (Print)
Vol. 37, No. 5, pp. 42-55, October 2022 ISSN 2383—9953 (Online)
httos://doi.org/10.14346/JK0S0S.2022.37.5.42 http: //www.kosos.or.kr/jkosos

A2 AEE AU LA AA 2] A| AR FA0f ok AL
MEST - Z|02f « BB - HA™

A Study on System-Based Accident Analysis

- An Accident at In-house Subcontractor of a Manufacturing Company

Dong-Hyun Seo™" - Yi-Rac Choi* - Jang-Hyun Park** - Ou-Sup Han™*

'Corresponding Author Abstract : In this study, an accident at an in-house maintenance subcontractor of a
Dong-Hyun Seo manufacturing company was analyzed using representative systemic analysis methods,
Tel @ +82-42-869-0332 and the results were compared to determine the socio-technical and organizational
E-mail : seodh93@kosha.or.kr structure causal factors. Systemic accident analyses were performed using AcciMap,

STAMP-CAST, and a method that utilizes work processing procedures. The causal
Received : April 6, 2022 factors derived from the three methods were classified according to HFACS
Revised : August 31, 2022 classification criteria. AcciMap and STAMP-CAST analyses were able to derive legal
Accepted : October 24, 2022 problems and defects in organizational structure between the company and the

subcontractors. The method that utilized the work processing procedures drew the
most causal factors of the three methods but showed some limitations in deriving legal
and facility-related problems. Most of the causal factors identified through the
systemic methods could be classified according to the HFACS classification criteria,
except for the legal and organizational structure matters. Socio-technical and
organizational problems with a holistic perspective of the company and subcontractors
could be found using systemic analysis methods. However, it is necessary to conduct
analysis using various methods in order to derive more comprehensive measures to
prevent accidents because each analysis method showed some limitations in the
derivation or expression of some causal factors. The results of this study can be helpful

in selecting and using an appropriate method for accident analysis.
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Fig. 1. Rasmussen’s risk management framework and Accimap
method™.
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Fig. 3. The safety control structure of the company and the
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HFACS(Human Factors Analysis and Classification
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Table 1. The taxonomy of HFACS—K®

First Order Second and Third Order
o Resource management
Organizational P .
. Organizational climate
influences .
Organizational process
Inadequate supervision
Unsafe Planned inappropriate operations
supervision Failed to correct problem
Supervisory violations
Environmental Physical Environment
factors Technical Environment
Substandard Adverse mental states
Preconditions conditions of Adverse physiological states
for unsafe acts | operators Physical and mental disorders
Substandard Resource mismanagement
practices of
operators Personal readiness
Decision errors
Errors Skill-Based errors
Unsafe acts Perceptual error
o Routine
Violations ;
Exceptional
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i)

External 1) (Ministry of Labor) Only partial work and 2) (Ministry of Labor) No obligation for the
support was available for subcontractors by ‘employer to reschedule the subcontractors’
the Act on the protection, eic. of temporary agency ‘work when working in the same place on the
workers. Occupational safety and health act.
o I
Organizational (Company)

4] (Management)

Provided limited suppartfor the
subcontractors in consideration
of the act on the protection, etc
of temporary agency workers

3] (Management)
Usage of in-house subcontractors

for employment flexibility and cost

savings

ll

5] (Management) Demand for
the subcontractors to write
their own wark standards and

17) (Management) Maintenance
should be completed within the
specified period under the contract
with the company.

18) (Management] The work

prepared and risk
assessments were performed =
without the supportof the

conduct risk
themselves.

6 (Management) The work
standardsofthe three firms(the
company, the crane operation
subcorntractor, and the
maintenance subcontractor)
were being used respectivelyin
the same wark places.

v
10) (Manufacturing &
Maintenance Dept )
Inadequate supervision of
the subcontractor’s
»| maintenance work. (Ne
supervisor at workplace)

v
9] (Manufacturing Dept)
Inappropriatewerk

scheduling for the I
subcontractors

company.

(In-house subcontractor for maintenance)

(In-house subcontractor for
crane operation)

20) (Management)
Riskfactors were not
properly identified from
the risk assessment.

¥

71 (Management) The
procedure andmethod for
requesting safety measures
#rom the companyto the
subcortractorswere notclear.

19)(Management)
Work standards were not properly
written

21) (Management)
Lack of sharing work
information between the

¥
|

maintenance and the
crane operation 27) (Management)
subcontractor. No director to control

y

8] (Management & Safety
Dept)

11) (Manufacturing Dept.)

to review work permits. (No
expert review process)

of safety measures when
approvingthe work permit

Only general safety measures
were included when establishing
maintenance plans and issuing
work orders.

P ]

2
12) (Manufacturing&
Maintenance Dept.)
c Lack of sharing of the —
facilities maintenance plan
with the crane operation

22) (Management)
No director to control the:

maintenance work

N crane operation

28) (Management)

subcontractor. .
— L Failure to power off the
| \ craneand i \
16) (Maintenance Dept. & Subcontractor) Meeting and |\ - deviceson rail for
safety educatipn for the safety of workers before the | prmmres \

maintenance

ork were not properly operated _—T

+

15) (Maintenance Dept )
Inadequate implementation
and confirmation of the
safety measures before
maintenance by the
subcontractor.

13) (Manufacturing Dept )
Inadeguate request and
cor
*| operation subcontractorto power
off the crane and install stopping
deviceson rail

rmation for the crane

Physical Event,
Actor Event,

32) (Facilities) The gap between the lower part
of the overhead crane girder and the fa
maintain wastoo narrow.

Process and

+

Condition,
Environment

33) (Fac

<] The structure of facil
difficultto installa fall prevention equipment.

T
I
i
i
i
1
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
i
i
i
i
1
1
1
1
1
1
1
1
1
1
1
: 14) (Maintenance Dept.)
1
1
|
i
i
i
1
1
1
1
1
1
1
1
1
1
|
l
f
i
1
1
1
1
1
1
1
1
1
1
Outcomes :
i
i
1
1
1
1
1

¥
24) (Maintenance Dept.)
Inappropriate safety
measures. (No measures to
prevent falling)

¥

26)(Maintenance Worker)
Working without measures
to prevent falling.

23) (Maintenance Dept )
Safety-related matters were
not properly confirmed when
writingand reviewing the wark
permit.

29) (Operation Dept)

Inadequate safety check
before crane operation.

25) (Maintenance Worker) |
Not aware of the possibility 3 /
that cranes might pass through
the work area

30) (Crane Operator)

Failureto recognize the

waorker on the facility.

)

51) (Crane Operator]
Crane operation during

maintenance of the facilites
under the crane.

A worker of an in-house subcontracter
for maintenance fell from height while

tryingte avoid approachingcrane.

Fig. 4. AcciMap of the subcontractor worker's accident,

Government({Ministry of Labor)

1) Only partial work and safty support was available for subcontractors by the Act on the protection, etc. of temporary agency workers,
2) No obligation for the employer to reschedule the subcontractors’ work when working inthe same place on the Occupational safety and health act

i

Company Management

3) Usage of in-house subcontractors for employment flexibility and cost savings.

4) Provided limited support for the subcontractors in consideration of the act on the protection, etc. of temporary agency workers.

5) Demand for the subcontractors to write their own work standards and conduct risk assessment by themselves,

6) The work standards of the three firms{the company, the crane operation subcontractor, and the maintenance subcontractar)
were being used respectively in the same work places.

7) The procedure and method for requesting safety measures from the company to the subcontractors were not clear.

I

!

(Company) Safety Dept.
7) The procedure and method for requesting safety measures
from the company to the subcontractors were not clear.
8) Insufficient system to review work permits.
(No expert review pracess)
F

¥

In-house subcontractor for crane operation

27) No director to control crane operation.

28) Failure to power off the crane and

install stopping devices on rail for
facilities maintenance. (because the
‘maintenance information were not
shared properly from the company)

29) Inadequate safety check before crane
operation.

]

I

(Company) Manufacturing Dept.
9) Inappropriate work scheduling for the
subcontractors (The crane operation
subcontractorand the maintenance
subcontractor performed work at the same
time due to insufficient work schedule

adjustment)
ate super
ance work
orkplace

11) Inappropriate confirmation of safety
measures when approvingthe work permit
12) Lack of sharing of the facilities maintenance
plan with the crane operation subcontractor
13) Inadequate request and confirmation forthe
crane operation subcontractorto power off
topping devices on rail

the crane and install s

sion ofthe subcontractor's

pervisor at wo

12) Lack of sharing of the
maintenance plan
operation subcontractor

subcontractor

‘were not properly operated

h the crane

14) Only general safety measures were
included when establishing maintenance
plans and issuing work orders

15) Inadequate implementation and
confirmation of the safety measures
before maintenance by the

16) Meeting and safety education forthe safety of
the workers before the mwintenance work

e of fadlities

education for the =

ontractorfor

and safe
rkers before the maintenance
were not proper
i shouldt

— 17)

within'

1“1 period under the contract with the company.
18) The work prepared andrisk

‘were performed without the support of the company.

19) Work standards were not properiy written

20)Risk factors were not properly identified
from the risk assessment

21) Lack of sharing work information between the
‘maintenance and the crane operstion subconiractor

22) No director to control the maintenance work

23) Safiety-related matters were not properly confirmed
‘when writing and reviewing the work permit

24) Inappropriate safety measures (No measures

to prevent falling)

Crane operator
30) Failure to recognize the worker on the
facili
31) Crane operation during maintenance of
the facilities under the crane

l

e I

Maintenance Worker(s)
25) Not aware of the possibility that cranes might
pass through the work area
26) Working without measures to prevent falling

!

Processesand Facilities

32) The gap between the lower part of the overhead crane girder and the fac

esto maintain was too narrow.

33) The structure of fa

es makes it difficult to install a fall prevention equipment.

Fig. 5. The summary of STAMP—CAST analysis results,

48
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Procedure and flaws(Causal factors)

Work | Date In-house subcontractor for In-house subcontractor for crane
Company . .
maintenance operation
Reguest for maintenance Preparing work standards
] Maintenance Dept Management & Management Dept.
- 4) The company provided limited supportfor the
- subcontractors in consideration of the act on the
Maintenance ing and sdh ling protection, etc. of temporary agency workers
- - 182) 18) The work standards were prepared
Maintenance & Manufacturing Dept without the support of the company and the work
8) Inappropriate work scheduling for the subcontractors. standards were not properlywritten. Preparing work standards and conducting risk
14) Only general safety measures were included. assessment
l Manager & worker{operator)
Issuing of work order -
mm.dd -+ Maintenance Dept. X
P of work order and conducting risk
14) Onlygeneral safety measures were included. assessment

Management & Maintenance Dept.

17) 20) Maintenance should be completed within
Workassignment the specified period under the contract with the
company. So the risk factors were not properly Work order
identified from the risk assessment.

v

Manager

T
'
Meeting for work planning E
Manufacturing & Maintenance Dept. & Manager|of subcontractor) E
I
mm.dd -+ |Details unavailahle) '
I
J 1 |
- - ¥
Bof Appointment of supervisor Appointment of director and workers Appointment of director and operator
ore Manufacturing & Maintenance Dept Manager Manager
work (Details unavailable) (Details unavailable) (Details unavailable)
lRequesthrsafetymeasure i i
Safety measures i
Manufacturing & Maintenance Dept Safety measures Femmmmme=— 5-5 f-- . '
- Manager & worker :_ ___________ = EY_TEG_ST_EG__________:
7) The procedure and method for requesting safety | Manager and worker|perator] |
measures from the company to the subcontractors were 21} Lack of sharingwerk information between the Lmeem e ger and workerio A . :
not clear. I *| maintenance andthe crane operation * ’: 28) Failureto power off the craneand install |
12) Lack of sharing ofthe facilities maintenance plan subcontractor. :
with the crane operation subcontractor, 24) Inappropriate safety measures. |
13} Inadequate request and confirmation for the crane (No measures to prevent falling)
operation subcontractor to power off the crane and instll E
stopping devices on rail. .
15) Inadequate implementation and confirmation of the P . " itand i ‘ Fmmmmmm ¥ e ,
safety measures before maintenance by the reparing work permit and requesting approva L safety check before operation 1
subcontractor. Manager & worker ! ctor & operator
Request for approval 23] Safety-related matters were not properly "28) Inadequate safety check before crane
confirmed when writing and reviewing the work | operation
Approval of work permit permit. joperation S
|
Manufacturing Dept. !
mm » g Dep H
8) Insufficient systemto review work permits ]
(No expert review process)
11} Inapproprizte confirmation of safety measures when "
approvingthe work permit. !
i
v v v
Meeting and safety education before starting work
Manufacturing & Maintenance Dept., Manager(s) and workers of the maintenance subcontractor, Director and operator of crane operation
» 16) Mot property operated. (The managerior operator) of the crane operation was not present. Provided genersl safety education)
12) Lack of sharing of the facilities maintenance plan with the crane operation subcontractor.
21) Lackof sharingwork information between the maintenance and the crane operation subcontractor.
l L4
Maintenance of facilities Crane operation
Manager(s) & Maintenance workers Director & Operator
: 6) The work standards of the three firms(the company, : 22) Nodirector to control the maintenance work 27) No directorto control crane operation.
Dun'ng “: the crane operation subcontractor, and the :‘ 25) Not aware of the possibility that cranes might 1™ 30) Failuretorecognize the worker on the
I maintenance subcontracter) were being used l pass through the work area. facility
work 1 respectively inthe same work places. : 26) Working without measures to prevent falling. 31) Craneoperation during maintenance of
: 10) Mo supervisor atworkplace. : the faciltiesunderthe crane.
___________________________________ Crane approach to the warker
mm.dd | Aworkerinjured when jumped to platform
hh:mm | below to avoid crane

Fig. 6. Work processing procedure for maintenance and the causal factors,
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Table 2. Classification of the causal factors of the accident by HFACS framework

Classification

Causal factors

Company

In-house subcontractor for
facilities maintenance

In-house subcontractor
for crane operation

3) Usage of in-house subcontractors for

Resource Management employment flexibility and cost savings. NA NA
4) Provided limited support for the
Zl;bcﬂ(iztr;g?; t?;nco:tsclde;?tton Ofrgllzl act 17) Maintenance should be
Lo Organizational Climate agency workers. corppleted within the spec?lﬁed NA
Organizational . period under the contract with the
Influences 5) Demand for the subcontractors to write compan
their own work standards and conduct rpany-
risk assessment by themselves.
7) The procedure and method for requesting 18) :I}:g \;vorril;ks tilggsrgfnxsvsa;
Organizational Process safety measures from the company to the performed without the support of NA
subcontractors were not clear. PI
the company.
.. 10) Inadequate Sl}peer?lOl’l of the 22) No director to control the 27) No director to control
Inadequate Supervision subcontractor’s maintenance work. . .
. maintenance work. crane operation.
(No supervisor at workplace)
9) Inappropriate work scheduling for the
subcontractors.
11) Inappropriate confirmation of safety 19) Work stand'f]rds were not
. properly written.
measures when approving the work .
. 20) Risk factors were not properly .
permit. ‘dentified from the risk 28) Failure to power off the
12) Lack of sharing of the facilities assessment crane and install stopping
maintenance plan with the crane S . . devices on rail for
Planned Inappropriate operation subcontractor. 21) Ibf:ct\l:/ezfl Stlflilmg .“gi(annioggtg; facilities maintenance
Operations 13) Inadequate request and confirmation for crane oeration subcontractor (because the maintenance
the crane operation subcontractor to P U ’ information were not
Unsqf(? power off the crane and install stopping 23) Safety-related matters were .I?Ot shared properly from the
Supervision devices on rail. properl}{ COM when an.lg company).
15) Inadequate implementation and and reviewing the work permit.
. 24) Inappropriate safety measures.
confirmation of the safety measures .
before maintenance by the (No measures to prevent falling)
subcontractor.
Failed to Correct Problem NA NA NA
14) Only general safety measures were
ﬁ‘mﬁ:;if:%inﬁgwmw 16) Meeting and safety education for
Supervisory Violations | 16) Meeting and safety education for the the. safety of workers before the 29) Tnadequate safety c.heck
safety of the workers before the maintenance work were not before crane operation.
maintenance work were not properly properly operated.
operated.
Physical 32) The gap between the lower part of the
. Y overhead crane girder and the facilities NA NA
Environ- | Environment .
mental t0 maintain was too narrow.
.. . 33) The structure of facilities makes it
Facts
Preconditions actors Te.chmcal difficult to install a fall prevention NA NA
for Environment cquipment
Unsafe Acts Substandard Conditi TP :
ubstan nditions NA N/A N/A
of Operators
Substandard Practices NA N/A N/A
of Operators
Decision Errors N/A NA N/A
Shéﬁ:ed N/A NA N/A
Errors 25) Not f the possibility that
ot aware of the possibili . .
Perceptual Error NA cranes might pass through the 30) Failure to recoghize the
worker on the facility.
Unsafe Acts work area.
Routine N/A 26) Working W{thout measures to NA
prevent falling.
Violations 31) Crane operation during
Exceptional NA NA maintenance of the
facilities under the crane.
SH=QrM5ta| 7|, A|37H A|55, 20221 51
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Table 3. Comparison of the causal factors derived by accident analysis methods

Analysis Method*

System Components Causal Factors
Y mp: u AIR *glg WFA| HF

1) No obligation for the employer to reschedule the subcontractors’ work on Occupational safety
and health act when working in the same place

2) Only partial work and safety support was available for subcontractors by the Act on the protection,
etc. of temporary agency workers

<

Government and Law

<

3) Usage of in-house subcontractors for employment flexibility and cost savings

4) Provided limited support for the subcontractors in consideration of the act on the protection,
etc. of temporary agency workers

5) Demand for the subcontractors to write their own work standards and conduct risk assessment
Management by themselves

6) The work standards of the three firms(the company, the crane operation subcontractor, and the
maintenance subcontractor) were being used respectively in the same work places.

7) The procedure and method for requesting safety measures from the company to the subcontractors
were not clear.

7) The procedure and method for requesting safety measures from the company to the subcontractors
were not clear.

<

Safety
Department

8) Insufficient system to review work permits(No expert review process)

9) Inappropriate work scheduling for the subcontractors (The crane operation subcontractor and
the maintenance subcontractor performed work at the same time due to insufficient work schedule
Company adjustment)

Manufacturing 10) Inadequate supervision of the subcontractor’s maintenance work (No supervisor at workplace)| v~

Department | 11) Inappropriate confirmation of safety measures when approving the work permit

12) Lack of sharing of the facilities maintenance plan with the crane operation subcontractor

13) Inadequate request and confirmation for the crane operation subcontractor to power off the
crane and install stopping devices on rail

10) Inadequate supervision of the subcontractor’s maintenance work (No supervisor at workplace)| v~

12) Lack of sharing of the facilities maintenance plan with the crane operation subcontractor

14) Only general safety measures were included when establishing maintenance plans and issuing
Maintenance work orders
Department

15) Inadequate implementation and confirmation of the safety measures before maintenance by the Na
subcontractor

16) Meeting and safety education for the safety of the workers before the maintenance work were
not properly operated.

16) Meeting and safety education for the safety of the workers before the maintenance work were
not properly operated.

17) Maintenance should be completed within the specified period under the contract with the
company.

18) The work standards were prepared and risk assessments were performed without the support
of the company.

In-house Management
subcontractor for - T .
maintenance of 20) Risk factors were not properly identified from the risk assessment

facilities 21) Lack of sharing work information between the maintenance and the crane operation subcontractor.
22) No director to control the maintenance work

19) Work standards were not properly written

23) Safety-related matters were not properly confirmed when writing and reviewing the work permit

24) Inappropriate safety measures (No measures to prevent falling)
25) Not aware of the possibility that cranes might pass through the work area
26) Working without measures to prevent falling

Worker(s)

27) No director to control crane operation

IR

28) Failure to power off the crane and install stopping devices on rail for facilities maintenance

In-house Management (because the maintenance information were not shared properly from the company)

subcontractor for

. 29) Inadequate safety check before crane operation
crane operation

worker 30) Failure to recognize the worker on the facility

N R N S S N N N N N e e e N e R e e S S e T A S R R S E N S R

(Operator) |31) Crane operation during maintenance of the facilities under the crane

32) The gap between the lower part of the overhead crane girder and the facilities to maintain
Processes and Facilities was {00 narrow.
33) The structure of facilities makes it difficult to install a fall prevention equipment.

S N N T e e R T e e e R e e e e e N N N N N e T N S e NI

e I N N N e N N e e N N N N N e T N e N e N N

EERSEENES

*AIR: Accident Investigation Report, AM: AcciMap, SC: STAMP-CAST, WFA: Work processing procedures Analysis, HF: HFACS
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