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Abstract @ Korean industry has achieved dramatic growth in a short time through
continuous technical innovations. However, safety consciousness and management
have not kept pace with industry growth. The characteristics of industrial accidents in
socio-technical systems have become so complicated that it has been challenging for
safety professionals to implement effective preventive measures because it is difficult
to determine what is happening in the complex workplace. Thus far, they have focused
on technical improvements and the requirements of OSH regulations to avoid legal
responsibility. Accordingly, this study has used the systemic analysis method to
explain the emergence of something unexpected in complex and multi-layered
business structures, which is usually related to the variabilities of humans and
organizations. This study chose a shipyard where a few fatal accidents had occurred
because the shipbuilding industry includes numerous variabilities, including obtaining
orders, manpower supply, procurement, etc. Systemic analysis progressed using
FRAM based on two accident cases related to the truss platform used in LNG vessels.
The outcome shows that each function within the system has its variabilities and has
become coupled or dependent on other functions, increasing the possibility of
accidents. This analysis method can provide OSH professionals with practical
techniqgues for explaining what is happening in a complex socio-technical system and
how to take proper measures.
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Table 1. The summary of two accident cases related to truss
platform

The type of Damage Accident overview
work
Falling from height when stepping on a
. wooden platform which was not supported
ASSZTSbSlmg 1 fatali by steel square tube. The dead worker was
latform vy adjusting the position of wooden platform
platio after lifting and connecting a small truss
unit to the main truss.
One of two foreign workers, who were
Dismantling 1 serious! carrying  wooden platforms, was fallen
truss SCHIOUSY | through floor opening failing to recogni
injured pening g gnize
platform y its existence, because the platforms were
piled up on the opening.
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Control: Whatever
supervises or regulates the
function (plans,
procedures, guidelines).

Time: Temporal conditions
that affect how the
function is carried out
(constraints, resources).

©

Input: Whatever starts the
function or is transformed
to produce the Output.

Qutput: That which is the
result of the function
having been carried out.

To do
something

Resources / Execution conditions:
Whatever is needed or consumed
by the function (matter, energy,
competence, software, ...)

Preconditions: Conditions
that must be fulfilled
before a function can be
carried out.

Fig. 3. A hexagon representing a function and 6 aspects,
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Fig. 5. A cross section of truss platform,

4.1 AA2AM (Factual Analysis)
4.1.1 Mutw|x opEao| XEXM EY
LNGAl A=k TAA e dyh ikl @i
7kell A sk, 7158 W 9 - 5 1k Akl A
A|2HLS o] R 0] QFLE 4=8)(Self-organized performance)
o2 AeFe Holar Qlrk ol2et AFE wiwdel 9
3t PF4~38(Rule-based performance)o] oFd LA 2
5o 2HE 7% - APS ke o Yrsd

E

5 E4o] uhel QPR EG A - & - upge) 3
o sfol BAY FAOE S15FES ARAe] FHA
1 glek el Uy AU A ¥ GRE 545

= 8 AA] HRE FEE gt Qlok
3t AA| 22]SKSelf- organization), T=A|4]

2 o=

, =2 o] g W& AlHA]
QUE %5 Aol FHoFet ol gick
AR =8 AAEIA 2= A EF(Standard
Operating Procedure)¥} ¥EZAUR| =47} Qltk 2HE
2 3l AAbell TAEE= A, 2FAR}, 7F HAE
9 obdzA| So| PAHom YAlEo] ok
A7) W 2474w e dujo]= ulAlx
U8 BEEE vle W Holh HELA
Holi AAAk AR 9 RS
gt o] x]of] 2Hgd5te] 20 HA ARERE FA O =AY
o] @il FA4o] Biste] FhEAo] HolXith =
A 13 A7) AFEE7E Al 1A Abardy 5 g
Het 5 7i7go] o|f ek A EE HEAUA =A
= Akl A A EL, PARE R o3 AR =

o|FAA) Gh

o]

(o) s B
j==]

SHROLAEE|R|, H[36H A45, 20211

a
172}
2
=]
2,
o
=.
=
=
a
w2
=
L

T Al Belge) o) o
J2jal AARRAo] e der FAE HA
A %02 BAsle] 2 A1 AL
THES kL Qlrk eSS AAHEA
Atof] SRSt 257 1] 2~ E(Permit to Work List)

o] 47 - SHUFE 4 @

Permit to Work<= tf )7} 8l qks]7he 25w,
37k AARREA 2ol i o5 3A]Y =R
&S5 WHEs] PTW JY e adoA A&t
A7k #HE3 dlT AdAel #ds7E A
I e = i R L R e b A B e
di/dol il EtE o] QA ghom, &EI o
P e sl duade PAlAeR Belst

oo

LAY AES AN BUEY s AL ol
ok e ogkagle] A9 o137 o3
A - o] olFA T, Fu A9 W u] of
1213 BEo] QAU Zolsto] A7 - £WARE 5
stz - opgkaele] that HUEY %ol A
a0z Hopstct
4.2 FRAM &AM
4.2.1 FRAM 2A{0| tx

FRAME A[310} FHsl Ajlg AlAgle A4l
BolA BASHE MR BAgA Aagle] 7
Ve ES AREAE Y 2AF) - 28 T -
Egs R - Ef2 Y -Efx B4 5O
2 W 5 7 /1% wEAS sofsia, 1 7)%S

zre] gl ofs) W

o



ZH(Coupling)=|o] ofubis Al2wla] Fopge Ha
shod) Febde £ ek

13 o] i3 ARG ALY EAENE B
$4¢] ofutS PskDampening) X177 wLE Tk
B AN B £2E 4 YA B, of
L 71Ee] WaQl A 2 Sl e Gh-ge
o Wt olEid AT U YRS P A
wabel Asolch

422 7|1so 87 gl ylsd e &
41 Al INGA B 29 - AR
71558 Table 29} ZHo] 357 71502 HESI%Th

Table 2. The functions related to truss platform

- Master schedule - Schedule for ship blocks
- Bidding for truss platforms - Contract
- Suspension of work(weather condition) |- Meeting for scheduling

- Procurement - Work Plan(subcontractor)
- Assembling small units - Lifting & connecting small units
- Tower Crane - Assembling large units

- Installing electrical equipments - Installing shaft & duct

- Standard Operating Procedure

- Transporting large units to PE

- Transporting Large units to a LNG
ship in the dock

- Work procedures

- Risk Assessment

- Transporter(vehicle)

- Gantry Crane(Goliath)

- Assermbling truss platform in the Dock
- Assistance to CCS work

- Supervision of contractor

- Dismantling electrical equipments
- Shipowner inspection

- Human resources(recruitment)

- Classifying & transferring materials

- Installing bottom block in the dock
- Launching a LNG ship to a quay wall
- Side Opening, Installing platforms
- Dismantling shaft & duct

- Dismantling truss platforms

- Safety patrol

- OSH training

Z128]al Table 22] 357))

Ise

22}o]) Y8 6744]

HEE =231t Table 33} 4= 9] 357 7155 =
of| 4] Meeting for Schedule 7]} Work Plan 7]5¢ T
& 67h) RES mEE A3E e Holt

Table 3. FRAM representation

of {Meeting for Schedule)

Name of function| Meeting for Schedule

Description Meeting between contractor & .sub-contractor for truss
platform assembly or dismantling schedule

Aspect Description of aspect

Input Contracting / Suspension of work

Output The schedule for truss platforms’ assembly & dismantling

Precondition Not described initially

Resource Schedule for ship blocks

Time Not described initially

Control Not described initially

Fig. 6. The FRAM model for the truss platform cases,
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Table 4, FRAM representation of {(Work Plan(Sub—contractor))

Name of function| Work Plan(Sub-contractor)
Planning for truss platforms’ assembly or dismantling
Description based on the schedule for ship blocks, human resources,
procurement and weather condition
Aspect Description of aspect
In Contracting / The schedule for truss platforms’ assembly
put . .
& dismantling
Manpower input / Application for material / Work plan
Output . .
/ Application for work permit
Precondition Human resource / Procurement
Resource Not described initially
Time Schedule for ship blocks
Control Not described initially
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