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Abstract

This study uses FMECA (Failure Modes, Effects, and Criticality Analysis) and HAZOP (Hazard and
Operability), which are widely applied in industrial areas, among risk assessment methods, and applies
them to the same system. While FMECA evaluates system failure conditions and analyzes risks, HAZOP
evaluates the system comprehensively by evaluating operational risks that may occur based on system
parameters. According to data released by the Ministry of Land, Infrastructure and Transport, as of
December 2021, the length of roads in Korea is 113,405 km, and the repair of guardrails that have expired
must be fixed urgently in terms of traffic safety. Replacing all of these guardrails with new ones requires
a very large cost, but if the guardrails are repaired with a vehicle equipped with the G—Save method,
carbon emissions are reduced, the repair period is shortened, and great economic benefits can be obtained.
However, risk assessment for guardrail coating vehicles has not been done so far. Focusing on this point,
this study aims to evaluate the risk of these coating vehicles and describe the results. Finally, we found
that the Risk Priority Numbers(RPN) in the FMECA risk assessment were greatly reduced, and 6 risk
factors from HAZOP risk assessment and actions were taken.
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[Figure 1] Flow diagram of FMECA procedure
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<Table 1-1> FMECA for guardrail coating vehicle
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[Figure 3] G—Save Cleaning System

Item Potential | Potential | Severi Potential Occurr | Current Curr. proc. .
(Fuction/ | failure failure ty cause/failure ence SEEES cont. Dgizeiion RPN Action
Req't) mode effect ©) mechanism rate Comro.l detection ©
(0) | prevention
1.Coating | Manpower: 6 people for central guardrail application, 5 people for senior guardrail application (same as above)
process
2—1.Apply |Air Applicati |7 Driving at full load, | 8 Compressor | $/D due to | 10, 560 | Equipped with an
air compress | on delay process stop due to shutdown insufficient inverter to improve
compresso | or stopped | :Wash/ap excessive power power for | Discharge COMPressor power
r operation | (breakdo | plication consumption of the COMpressor | pressure efficiency.
manual. wn) delay per process use drop (rapid
hour (150 (compressor) for drop from 6 Installation of
Maintain mhr —> the generator " bar to 1-2 additional generators
margin of 70 m/hr) bar), for stable power
generator COMmpresso supply
supply r body
against monitor
power turns off "
demand.
2—2.Apply | Assembly | Long 7 Due to the delay in | 9 Improvement | check with | 3 189 | Transport after
equipment |of spray | preparati the start time of of fastening | your eyes partial fastening (like
assembly | equipment | on time government office and assembly ship blocks, one
manual. takes a work due to the from manual additional transport
long time. preparation time tools to power vehicle is required)
Sequentially required (equipment tools
assemble installation, etc.), C-F1. Study to make
coating the number of coating equipment in
equipment working days agreed line by increasing
with the government vehicle size and to be
agency was used immediately
exceeded after moving
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[Figure 4] G—Save Coating System
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<Table 1-2> FMECA for guardrail coating vehicle

Action result Se\(/;lty OCClEg)e nee Det(e[;tlon RPN Risk level
1 additional inverter and generator (capacity
13KW) installed (two generators are operating 2 2 10 40 *AC
simultaneously during normal operation)
Transport and installation using power tools and 6 A 3 79 AC
block method
Design layout concept. - - - - Under study
*Risk level; UA: UnAcceptable, TBI: To Be Improved AC: ACceptable
<Table 2> FMECA report
Action no. Process Failure mode Action plan Act1op Note
completion
C-F1 Coating To be studied to make coating |Study and try to contemplate - For
equipment in line by increasing |additional national tasks. automation
vehicle size and to be used
immediately after moving
<Table 3> HAZOP Node list
Node no. P&ID no. Study node Note
1 KEMP—spray—001 G—Save coating system G—Save
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<Table 4> Deviation matrix of node no.1
Nedty P Design intent No Low High | Some | Parts of b wrell Reverse Uithier
no. meter as than
Flow 3.5mY/l as G—Save 0 0 X X X X 0 X
Pressure | -9 by local PG with| ¢ 0 X X X X X X
regulator)
Node 1 tTu‘?e“Dem Room temp. (5~40C) X 0 X X X X X X
Level 10~90% (G—Save storage X 0 0 < < X < <
tank, 2ea)
Reaction, time, step, composition, phase, addition, mixing, external fire, agitation : x for all items

<Table 5> HAZOP results of node no.1

P&ID no.

KEMP—spray—001

Study node

G—Save coating system

Process name

G—Save coating process

Design intent

Apply G—Save evenly over the entire area

at 3.5m’/l
‘Dev1at D§v1at Cause Conse Safe guard Frequency nge Risk | Action Action
ion no. | ion quence rity |level*| no.

1 No/ Piping clogged with | Reduced Close the discharge 2 3 6 C—H1 |1.Wear safety glasses,
Low foreign substances |efficiency  |valve to release the |1 time/3 hours mask and gloves and
flow made of zinc and then pressure, and clean | (6 hours (TBI) have removing cloth.

powder (piping |suspended |the pipe and spray |required for 1 2Install paint filter net.
15A) the coating |gun with air or a wire | time)
tool.

2 Reverse [Not possible
flow

3 Low 1. Decreased Reduced 1. Replace the inner 3 2 6 |C—H2 |Establish the procedure.
pressure | sealing force in the |efficiency  |rubber seal.

pressure transfer |and then 2.Replace the Ifitis 7| (TBD) (First of all, after the
tank, suspended  |regulator bar compressor is stopped,
2. Failure of the coating. |3.Maintain due to the pressure is
regulator COmpressor. regulat released.: the lower

3. Discharge 4. Adjust or valve of air storage tank
pressure drop from the air pressure for failure. is opened to release the
failure of spray. pressure.)

compressor

4. Spray of

excessive amount,

etc.

4 Low Low due to room |Unable to  |Comply to work 2 3 6 |C—H3 |Train procedure, work

temp. |temperature work procedure. summer (July~ according to the
September), (TBI) specification using
winter (Decemb weather information.
er~February)

5 Low When used up. Solution Convert to manual 2 3 6 |C—H4 |Automation long—term
level spraying is |position and 2times/day (6 review (LIA, etc.)

not possible |replenish the solution | hours) (TBI)
and work is [to 2 paint supply
not possible. | tanks.

6 High Over—replenishme | Risk of fire due | Manually replenish 2 2 4 |C—H5 |Automation long—term

level nt to overflow |solution. 2times/day (6 review (LIA, etc.) and
(using hours) (UA) fire extinguisher (foam
ethanol, IPA type) provided
as the solvent)
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Deviat | Deviat Conse Seve | Risk | Action .
. . Cause Safe guard Frequency . Action
ion no. | ion quence rity |level*| no.

7 Leak Abrasion of quick |Direct - 2 3 6 |C—H6 |1.Wear safety glasses, a
joint (made of exposure to mask and gloves, and
plastic) workers (TBI) have removing cloth.

2.Maintain quick joint
every 6 months.

*Risk level; UA: UnAcceptable, TBI: To Be Improved AC: ACceptable

<Table 6> HAZOP report

Action Risk level
No (Before/ Action
’ After)

Respon

. Due date Status
sible

1.Wear safety glasses, mask and gloves
C-H1 TBI/AC |and have removing cloth.
2.Install the paint filter net.

Conducting safety training and applying

DS Han | 23Jul."23 safety equipment checks

C—H2 TBI/AC |Establish the operation procedure.

Establishment of procedures and
DS Han | 29Jul.” 23 |training of key personnel for work and
application

Train procedure, work according to the

C—H3 TBI/AC . . . :
specification using weather information.

Work procedure paper review and

DS Han | 1Aug."23 | 4 ihiition

C-H4 TBI/AC | Automation long—term review (LIA, etc.)

Partial automation review and facility

DS Han |30Nov." 23 . ..
engineering in progress

C-H5 UA/AC | Automation long—term review (LIA, etc.)

Partial automation review and facility

DS Han |30Nov." 23 . ..
engineering in progress

1.Wear safety glasses, a mask and gloves,
C—H6 TBI/AC |and have removing cloth.
2.Maintain quick joint every 6 months.

Establish procedures related to safety
DS Han | 23Jul.” 23 |equipment verification and preventive
maintenance training for key operators

#Risk level; UA: UnAcceptable, TBI: To Be Improved AC: Cceptable

3 elolu Atef| tial] ARzl tist Aol
F88M o4 = =F AAIF o= Fsiint. H18s
H(risk level) 2 o= A1y} Ayl w2 935+
THE 7SS AP Al AIE ¢ Sl WSS
o} FuPdE Z3kete] S F9sla, o] A8 4
Azl we} 343 = Q= AT AO) A, 383t 4= Q=
Q3 (UA) A E ATt
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