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Abstract : As the number of automobile registrations increases yearly, parking
spaces that are located in downtown areas are increasing, and mechanical parking
facilities are also increasing. Therefore, there is a high risk of accidents when
installing and repairing a mechanical parking facility. In the preceding six years (from
2012 to 2018), the statistics that pertain to accidental disasters indicated that a total of
137 disaster victims were generated by the construction sector, 33 accidents
occurred, and 10 people died. However, only the safety management items pertaining
to accidents that occur during maintenance work and the use of the installed
mechanical parking facilities are being studied; furthermore, there is no ongoing
research with respect to the risk management that is conducted at the construction
site. In 2017, the Korea Occupational Safety and Health Agency (KOSHA) announced
the "Guidelines for Safe Installation and Maintenance of Mechanical Parking
Equipment”; however, it is a safety guideline that is limited to the installation of basic
protective equipment and to facility installation. There is no model for mechanical
parking facilities that is indicated in the "Risk Assessment Model by Construction
Industry Type", which is issued by the Safety and Health Corporation and is widely
utilized for risk assessment in the construction industry; moreover, elevator
installation work CODE NO: 22 is the only major example of a disaster. In this study,
"risk assessment through a focus group interview" was performed, and data was
derived from the "risk assessment of Article 41 (2) of the Industrial Safety and Health
Act”, which reflects the characteristics of the construction industry based on AHP
analysis. The results of this study can be utilized for the risk assessment that is
conducted during the construction stage of mechanical parking facilities.
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Table 1. Parking equipments accidents disasters (2012—2018)?

) Accident disaster in the last six years

g ﬁ‘ﬁ‘ﬁ'ﬁ'ﬁ' 137 people accident

) By industry

B > K > > > &
Other . . transport financial
business manufacturing - Construction industry business
61 36 33 6 1

people people people people people

Table 2. Parking facility accidental death (2012 ~ 2018)?

) Deaths in the last six years

ﬁﬁ‘ﬁ‘ﬁ'ﬁ'ﬁ' 34 deaths

) By industry
. Q
B > W > X >
Other . . transport
business Construction manufacturing industry
16 10 6 2
people people people people
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Fig. 1. Research method flow chart,
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2.2 3.531_ & QlE{F (Focus Group Interview)
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M Order of Risk Assessment

1. Risk factors elicitation

— Field inspection
— Risk Assessment Meeting
— Listening survey

2. Risk estimation
— Likelihood assessment
- Importance assessment

3. Risk determination

4. Focus management target selection

“_Importance | Serious Usually | Lowness No
= disaster damage
Possibility
Very
5 25 20 15 10 5
high
Height 4 20 16 12 8 4
Usually 3 15 12 9 6 3
Lowness 2 10 8 6 4 2
VT 1 5 4 3 2 1
low
A:15~25 Point, B:11~14Point, C:1~9 Point

Fig. 2. How to configure a focus group.

= Focus Group Discussion Method

1. Group size :
3 groups (field manager, safety manager, Management supervisor)

. Personnel composition :

Site Manager 3, Safety Manager 6, Management Supervisors 6.

. Discussion methed :
Discussion of participants' experiences and thoughts on the possibility

/ importance by risk factors and check the scores of the participants

Fig. 3. Method for determining focus group risk.,
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- Selection of the management target selection
through the analysis of relative Weight Analysis
by Work Type

1. “A” : Top 7 ltems
2. “B” : b median items
3. “C” : the bottom 5 items

A1/A2  A1/A3 Al/An
A2 AZ/M 1 A2/A3 A2/An
A3 A3/A1 A3/A2 1 - A3/An
An An/A1 An/A2  An/A3 1

Fig. 4. Method for determining focus group risk.

= Consistency analysis

- Evaluate paired comparison reliability to verify logical consistency
of decision makers.

- If consistency is perfect, the consistency ratio is close to zero.

Exclude if the number exceeds 0.1

- CR (Consistency Ratio)
- Cl (Consistency Index)
Rl (Randon Index)

Fig. 5. Consistency analysis method,
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Decision survey results and

consistency analysis results [less than 0.1]

(1. Organize the Decision Layer h (2 Consistency Analysis [ less than 0.1) A
- Survey target : - Priority consistency analysis by
9 construction manager work type [ Part 38 / 63% )

9 safety managers - Consistency Analysis of Parking Equipment
22 supervisors Material Import Work
52 workers (Part 39 / 65%)

M A total of 92 persons - Parking Equipment Lifting Consistency
Analysis [ Part 24 / 56% )
- Consistency Analysis of Parking Facility

Installation [ Part 39 / 65% )

VAN J
Fig. 6. Consistency analysis method.,

2. details of construction
-1 construction, 3 construction,
19 risk factors
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Table 3. Comprehensive weight calculation result by work
type (Bringing in materials for parking facilities)

Risk factors for bringing in W R-W|C-W

materials for parking R. G.
facilities ® ®-®

Risk of stenosis due to
uncontrolled use of other
workers and non-location of| 0.059 0.267 0.016 14 C
induction sources during
forklift use

Car Jungle Narrowing
Accident due to Not
Implementing High Timber
When Stopping Sloped
Ground Material Loading
Vehicle

Climb to 5m height loading
vehicle and fall below 5 mas| 0.059 | 0.607 | 0.036 | 10 B
foot takes while working
Note : W = weight, R + F= Risk factors weight
C + W = Composite weighting index
R. = rank, G. = grade

0.059 | 0.124 | 0.007 19 C

Table 4, Comprehensive Weight Calculation Result by work
type (Parking equipment materials lifting)

Parking equipment materials| W R-W|C-W
lifting Risk factors ® ®*®

Risk of material falling due
to broken shackles or failure
to use shackles when lifting
crane materials

Risk of equipment overturning
due to exceeding equipment
(crane) specifications and 0.380 | 0.152 | 0.058 7 A
ineligible use of lifting
capacity during material lifting
Danger of material falling
due to collision with
underground structures when
loading underground
materials due to poor signal
when lifting materials
Workers fall from the
inside of the large opening
without wearing the safety | 0.380 | 0391 | 0.149 2 A
ring when the material is
lifted (H: 12M)

Stenosis accident by not
placing signal workers when
moving forklift underground
materials

Note : W = weight, R - F= Risk factors weight
C - W = Composite weighting index
R. = rank, G. = grade

0.380 | 0.125 | 0.047 8 B

0.380 | 0.212 | 0.081 4 A

0380 | 0.117 | 0.044 9 B
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Table 5. Comprehensive weight calculation result by work
type (Parking facility installation work)

Parking facility installation | W R-W|C-W

work Risk factors @ @+®
Risk of falling due to missing
fastening of safety hook
during upper and lower 0.559 | 0263 | 0.147 3 A
steelwork during 8m high
steel work

Risk of falling objects due to
simultaneous work of upper
and lower parts during 0.559 | 0.024 | 0.013 16 C
installation of the 8m upper
lift facility

Falling due to missing safety
ring when welding steel plate| 0.559 | 0.111 | 0.062 6 A
inside 8m upper lift facility

Compression risk due to
failure to control upper and
lower access while moving | 0.559 | 0.034 | 0.019 13 C
materials using lift
equipment

Risk of falling due to missing
fastening safety rings when
installing 4M upper steel
pillars and supports in the
underground parking lot
section

0.559 | 0.048 | 0.027 11 B

Falling due to missing safety
ring during 4M upper steel
subbeam installation work in| 0.559 | 0.044 | 0.024 12 B
underground parking lot
section

4M upper steel frame bolting
work in the underground
parking lot section. Fall risk| 0.559 | 0.113 | 0.063 5 A
of moving 13cm steel upper
part

Risk of falling due to missing
safety hook during pallet
movement while moving 13
centimeters of steel frame
while installing CAR pallet
(H: 4M)

Risk of falling of beam
material due to breaking of
sling belt when lifting steel| 0.559 | 0.026 | 0.014 15 C
column and sub beam using
winch

0.559 | 0300 | 0.168 1 A

Underground parking lot
Turntable-type mechanical
equipment Danger of falling
heavy objects due to breaking
of chain block during
installation on steel frame

0.559 | 0.019 | 0.010 17 C

When moving to the upper
part of the steel frame. Fall
hazard due to missing ladder
fastening (H: 4M)
Note : W = weight, R * F= Risk factors weight
C + W = Composite weighting index
R. = rank, G. = grade

0.559 | 0.015 | 0.008 18 C

38

Table 6. Final ranking result of total score of risk factors
(Bringing in materials for parking facilities)

Risk factors for bringing in AHP | F-1 | R-T

materials for parking ® @*®

facilities

FR | F.G

Risk of stenosis due to
uncontrolled use of other
workers and non-location of| 0.016 11.7 0.19 14 C
induction sources during
forklift use

Car Jungle Narrowing
Accident due to Not
Implementing High Timber
When Stopping Sloped
Ground Material Loading
Vehicle

0.007 8.6 0.06 19 C

Climb to 5 m height loading
vehicle and fall below 5 m| 0.036 122 0.44
as foot takes while working

Note : AHP = AHP aggregate index
F - I = Focus Interview Risk
R - T = Risk total score
F.R = Final rank, F.G = Final grade
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Table 7. Final ranking result of total score of risk factors
(Parking equipment materials lifting)

Parking equipment materials| AHP | F-I - T
lifting Risk factors @ @®+®

Risk of material falling due
to broken shackles or failure
to use shackles when lifting
crane materials

Risk of equipment overtuming
due to exceeding equipment
(crane) specifications and 0.058 11 0.64 7 A
ineligible use of lifting
capacity during material lifting
Danger of material falling
due to collision with
underground structures when
loading underground
materials due to poor signal
when lifting materials

Workers fall from the inside
of the large opening without
wearing the safety ring when| 0.149 18.7 2.79 2 A
the material is lifted
H: 12M)

Stenosis accident by not
placing signal workers when
moving forklift underground
materials

FR | FG

0.047 8.6 0.41

0.081 12 0.97 6 A

0.044 9.3 0.42

Note : AHP = AHP aggregate index
F - T = Focus Interview Risk
R - T = Risk total score
F.R = Final rank, F.G = Final grade

Table 8. Final ranking result of total score of risk factors
(Parking facility installation work)

Parking facility installation | AHP | F-1 R-T
work Risk factors ® @®+®

Risk of falling due to missing
fastening of safety hook
during upper and lower 0.147 18 2.65 3 A
steelwork during 8 m high
steel work

FR | FG

Risk of falling objects due to
simultaneous work of upper
and lower parts during 0.013 9.8 0.13 16 C
installation of the 8 m upper
lift facility

Falling due to missing safety
ring when welding steel plate| 0.062 159 0.99 5 A
inside 8 m upper lift facility

Compression risk due to
failure to control upper and
lower access while moving
materials using lift equipment

0.019 10.9 0.21 13 C

Risk of falling due to missing
fastening safety rings when
installing 4M upper steel
pillars and supports in the
underground parking lot
section

0.027 15.5 0.42

ol
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r
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Parking facility installation | AHP | F-1I R-T
work Risk factors ® @®+®

Falling due to missing safety
ring during 4M upper steel
subbeam installation work in| 0.024 15.2 0.38
underground parking lot
section

FR | FG

4M upper steel frame bolting
work in the underground

parking lot section. Fall risk of]
moving 13cm steel upper part

0.063 18 1.15 4 A

Risk of falling due to missing
safety hook during pallet
movement while moving 13
centimeters of steel frame
while installing CAR pallet
(H: 4M)

Risk of falling of beam
material due to breaking of
sling belt when lifting steel | 0.014 9.9 0.15 15 C
column and sub beam using
winch

0.168 21.6 3.63 1 A

Underground parking lot
Turntable-type mechanical
equipment Danger of falling
heavy objects due to breaking
of chain block during
installation on steel frame

0.010 84 0.09 17 C

When moving to the upper
part of the steel frame. Fall
hazard due to missing ladder
fastening (H: 4M)

Note : AHP = AHP aggregate index
F - I = Focus Interview Risk
R - T = Risk total score
F.R = Final rank, F.G = Final grade

0.008 82 0.07 18 C
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Table 9. Accident prevention measures

Intensive safety management
risk factors

Accident prevention measures

Risk of falling due to missing safety
hook during pallet movement while
moving 13 centimeters of steel frame
while installing CAR pallet (H: 4M)

Do not work on the top of the beam,
connect the rope to the cart, pull the
rope from the bottom, and move the
cart.

Workers fall from the inside of the
large opening without wearing the
safety ring when the material is lifted
(H: 12M)

Don't let the worker go over to the
end. Workstation installation to secure
lower vision before work. Additional
life ropes to safety railings.

Risk of falling due to missing
fastening of safety hook during upper
and lower steelwork during 8m high
steel work

Install a workstation on the upper
part of 8M. Install additional safety
blocks, life ropes

4M upper steel frame bolting work
in the underground parking lot
section. Fall risk of moving 13cm
steel upper part

Install a 4M high work surface.
Installing a vault from inside the
workstation

Falling due to missing safety ring
when welding steel plate inside 8m
upper lift facility

Install the safety guard attachment
facility and life rope on the concrete
wall in line with the working height.
Install and install additional life
ropes on a lift steel square frame that
moves up and down

Danger of material falling due to
collision with underground structures
when loading underground materials
due to poor signal when lifting
materials

No access to the lower part. Arrange
signal expert to prevent impulses.

Risk of equipment overturning due
to exceeding equipment (crane)
specifications and ineligible use of
lifting capacity during material
lifting

Check the weighing capacity of the
equipment before working. Check
floor conditions before use, arrange
signal experts
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