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Suggestion of a Check List to Prevent Fall Incidents Through Case Analysis of Electric Shutters in Buildings
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Table 1. A previous study

keyword Author  Year Description

- We changed the material to reduce the operational noise of overhead doors, modified the
Overhead Door Huh, ST 2018  configuration of sections, and used insulation panel to improve energy efticiency. Additionally, we
adopted rubber lifting to increase the opening and closing speed.

- We determined through the development and analysis of finite element models that as the bending
Bae,JJ 2016 stiffness of industrial automatic high-speed doors increases, the amount of sagging and longitudinal
displacement decreases.

Industrial Automatic
High-Speed Door

Automatic door - We classified normal operation conditions and error conditions of automatic doors through BLE
control module Kim, GD 2017  module modeling, and developed a control module to have characteristic codes appear on a smart
development device.
Industrial folding - We developed a dynamic model to damp impact loads through the analysis of the operational
Yun, SH 2011 . . . .
door mechanism of industrial folding doors.
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(b) damaged chain between
drum and motor on
the top right side

(e) loosened wire (f) damaged chain (g) damaged torsion spring (h) damaged torsion spring
fixation fixation

Figure 1. Cases of falling accidents of electric shutters in buildings
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Table 2. Analysis of functional failure status of electric shutters in buildings

No Factors Ea Dr:fz;;)‘;e Contents
1 Inoperative 18 13.6 - Unused section, wire breakage, side roller out of position, side hinge roller fixation damaged.
2 Door panel 19 14.4 - Door panel bent; bottom seal torn.
3 Top seal 3 23 - Finishing seal on the top right side out of position; rust in shaft and spring.

4 Bottom seal 6 4.5 - No bottom seal, and partial torn in the middle of bottom seal,

5 Middle hinge 9 6.8 - One tapping screw missing in the middle hinge; poor fastening of side and middle hinges.
6 Bottom hinge 52 39.4 - Emergency stopper(blade) uninstalled; rust in the bottom and side hinges.

7 Side hinge 11 8.3 - One side hinge is bent, with rust in the middle and side hinges.

8 Side roller 17 12.9 - Poor fastening of the top left side hinge and the area immediately underneath; rusty shaft.
9 Shaft 4 3 - Rail slightly bent; crooked edge of left-side round rail.

10 Torsion spring 2 1.5 - Rust in the shaft and spring.

11 Bracket 2 1.5 - Damaged(bent) bracket next to the left-side wire drum.

12 Coupling 0 0

13 Wire drum 0 0

14 Wire 7 53 - Left side wire breakage; both sides of wire completely out of position.

15 Electric motor 14 10.6 - Slightly low tension in the chain of the driving unit.

16 Manual chain 6 4.5 - Manual chain cannot be used as it is tangled in the motor.

17 Operation switch 7 53 - Down switch inoperative.

18 Stopper 11 8.3 - No right-side stopper; bent left-side stopper.
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Figure 2. Statistical Analysis of Functional Failure of Electric Shutter in Buildings
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Table 3. Building electric shutter fall prevention checklist item selection

Factors Contents
Component - Motor operator, torsion spring, cable drum, wire, top hinge, middle hinge, side hinge, bottom hinge, door panel, intermediate
factors panel, roller, and bottom track.
Incident case - Damaged guide roller, damaged chain between drum and motor on the top right side, loosened wire, damaged chain, damaged
factors torsion spring fixation.
Functional - Door panel, skylight, top seal, bottom seal, middle hinge, bottom hinge, side hinge, side roller, shaft, torsion spring, bracket,

failure factors coupling, wire drum, electric motor, manual chain, operation switch, stopper.
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Table 4. Building electric shutter fall prevention checklist

No Factors Method

1 Middle hinge - Check the presence/absence of external damage, check the bolt fixation status

- Check the presence/absence of external damage, check the bolt fixing status, check the wire fastening status, check the

2 Bottom hinge .
g presence/absence and status of emergency safety devices

3 Side hinge - Check the presence/absence of external damage, check the bolt fixation status
4 Shaft - Exterior damage and bending, welding part dropout, fixing pin presence/absence check
. . - Check the spring standard and tension standard, check the tension when the door is raised and lowered, check the

5 Torsion spring
presence/absence of external damage

6 Wire - Check the appearance of damage or damage, check the presence/absence of detachment or omission when winding the
wire around the drum

. - Check for leaks and damage, check the operating status, check the appearance and tension of the drive shaft chain,

7 Electric motor
check the presence/absence of damage to the controller

8 Stopper - Check the presence/absence of external damage, check whether the spring is damaged or not

9 Inoperative - Check the presence/absence of exterior damage and left/right distortion, check the state of tilting in one direction

10 Door panel - Check the presence/absence of exterior damage, check the presence/absence of corrosion of glass fixing materials

11 Top seal - Check the presence/absence of external damage and fixation status

12 Bottom seal Check the presence/absence of exterior damage and fixation status, check the presence/absence of safety devices and
operation status

13 Side roller - Check for external damage, check for bearing damage, check for rail departure

14 Bracket - Check the presence/absence of external damage, check the presence/absence of bearing damage, check the vertical and
horizontal installation status

15 Coupling - Check the presence/absence of external damage, check the bolting and fixation status

- Check the drum standard, check the appearance of damage or not, check the bolt fixing status, check whether the fixing

] .
6 Wire drum pin is detached or not

17 Manual chain - Check the presence/absence of external damage, check the operation status
18 Operation - Check the operation status of the switch (up, down, emergency stop), check the presence/absence of contact
switch abnormality
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Table 5. Building electric shutter checklist verification and improvement plan through focus group interview

Factors Meeting contents
Focus group - 12 people with more than 10 years of experience in building electric shutters(obtained from constructors, clients, suppliers,
interviewees manufacturing/installation companies of building electric shutters).
Interview

Frequency - Implementation of weekly group interviews(2022.01.03.~22.03.11.)

- Incident cases related to building electric shutters and functional checking, identification of factors in the check list and

Meeting points .. . . .
ep update thereof, training the know-how on using checklist, regular maintenance, etc.
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Table 6. Regular maintenance control and method

Item Regular maintenance control and method
Ordinary check - Weekly inspection of building electric shutters and quarterly inspection of other items, based on the check list.
Regular inspection - Visual and acoustic inspection of building electric shutters.
Ad-hoc inspection - Annual comprehensive inspection based on the check list for building electric shutters.
Emergency response - Inspection through emergency response in case of the failure of building electric shutters.
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