Journal of the Korean Society of Safety ISSN 1738—3803 (Print)

Vol. 37, No. 1, pp. 30—40, February 2022 ISSN 2383-9953 (Online)
httos://doi.org/10.14346/JK0S0S.2022.37.1.30 http: //www.kosos.or.kr/jkosos
A X I-E EoS I-E A OFZ IA(_)_I IEI-IEIA-l ol sk A-l?_l- I:II-O|-0-"
EI_'—L*EOI_I- —7dE|_I-|j7§ ey | = O O -
ook AL

7DI +;|* . EEHE—** . I% I_*** . Oll_l_o**** . %iol__/'\_***** . Olj\ol-%****** . _S'T%E_*******T

A Study on the Actual Condition Analysis and Activation Plan of
Smart Construction Safety Technology by the Survey

Y.S. Kim* - T.K. Oh™ - C. S. Kim™ - N. E. Lee™ - C. S. Hong™ - S. Y. Lee™™™ - Y. G. Yoon™™"***1

'Corresponding Author Abstract : The death rate in the construction industry, which is more than twice that
Young Geun Yoon of other industries, increases the need to solve chronic safety problems. In a situation
: +82-32-835-4792 in which the safety management measures that have been maintained thus far are

E ma|| yyg900@inu.ac.kr unable to reduce construction accidents, the introduction of smart construction safety
technology (SCST) that reflects the 4th industrial technology is required for the safety

Received : December 16, 2021 management of workers. Large corporations or public institutions have introduced
Revised : January 7, 2022 SCST and are operating pilot sites, but SCST is still in its infancy and there have yet to
Accepted : January 9, 2022 exist field data regarding necessity and effectiveness. In this study, the concept of

SCST, which has still to be established, is defined, and the actual condition of SCST
was analyzed through a survey. Through the analysis of the necessity of SCST
introduction, convenience, and effectiveness before and after its application, problems
such as problems from the field point of view as well as other factors hindering the
introduction of such technology are derived in detail. In addition, an effective
combination of technologies for safety management at the current level is determined
and an activation plan is presented.
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Table 1. Overseas Smart Construction Safety Technology

Div. Technology Equipment and systems

- Local hazard warning

- Noise measurement

- gas alarm

- Vehicle proximity warning
- Posture monitoring

- Video shooting

- Real-time screen sharing
- position control

- Voice communication

- brain wave detection

Japan

Singapore| - On-site VR safety education

- position control

- Collision avoidance

- Around View Monitor

- Temperature, heart rate

- Hazardous gas measurement
- Crisis situation notification

USA
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Table 2. Classification by type of smart construction safety
equipment

Div. Equipment / Sensor
Position control | Hazardous access Movable CCTV
sensor Sensor
Thermographic Hazardous gas Opening open
Installation camera sensor sensor
type Heavy equipment | Displacement/Grad | Integrated control
access sensor ient sensor system
Gangform Fall
Smart radar b ention System )
Attachment | Smart safety hook|Safety keeper mini| Smart chin strap
type Smart airbag Smart watch -

Position control sensor

M S i\

L | | &
Hazardous accessSensor  Movable CCTy He2Y eaulbment ——

Fig. 1. Images of smart construction safety equipment,

20tE AHM7IE0 Jig Ao, S AEEd
A 59 w2 gl /1Ee Adugel 48
o] TR, RE 71E wUslE B¢ edle] &
$w8 Ashd + Yonw Ada A4 Ul =
Zo| Wasith @A AvlE AUMAEE Y 2
7HA R AR AHRAA N S-FE A glof oo Tt
w

A oAl HolA FIHA Sof T3t LA|A Q] AR
o= AlHolct ulahA, /’\U]—E Ad71E9 =Y
Aol HT w5 a4 A A
=INLIA]

[‘

° o7 l%‘ ozt %
% BATAE
e Fussten, 3
o] =905 &
g 27519

J. Korean Soc. Saf., Vol. 37, No. 1, 2022



4.2 MEZALE T

Easfel 22 Yge ATA 2 HES) 9
o2 Bo) Fo AvlE AN U RS BF
sfo] o|F MwaAle] Hhgse] st on], Ars
ApsEe] et fope Table 33 2tk

Table 3. Summary of major items in the survey

General survey items Expert survey items

Respondent information Purpose of application

Awareness, necessity, purpose, etc. Necessity by type

Convenience, effectiveness, etc. by

equipment before and after application Effectiveness by equipment

Development direction Expected performance

Equipment you want to use in the future| Activation plan
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® Measurement of @® Location control,

excavation and temporary 0.116
facilities, 0.207

@ Real-time video

confirmation, 0.153

® Management of
wearing safety gear, 0.219
Fig. 2. Purpose of introducing smart construction safety
technology.

Displacement/Gradient sensor 0.130
(@ Smart Radar 0.089
® Hazardous gas sensor 0.152
® Movable CCTV 0.141
@ Smart airbag and watch 0.129
® Smart location control tag 0.094
@ Smart safety hook 0.154
@ Smart chin strap 0.112
0.000 0.100 0.200

Fig. 3. Necessity by type of smart construction safety technology.
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Table 4. Effectiveness of Smart Construction Safety Technology
by Type

Category / Detail Weight | Priority
Commuting time management 0.077 5
Check work position 0.209 2
Effeq of Check the use of the safe passage| 0.201 3
position
control No-access area management 0.376 1
Check work outside of
working hours 0.137 4
Increase in safety gear wear rate | 0.199 3
Check access to no-access area | 0.305 1
Effect of Check work position 0.154 4
movable .
CCTV Check W(?I'k outside of 0.106 5
working hours
Check compliance with
safety rules 0237 2
Check construction and quality 0.115 5
Effect of Equipment control 0.155 3
integrated Worker control 0.317 1
control system .
Worker history management 0.155 4
Secure on-site evidence 0.258 2
Notification pf approach to 0227 2
fall risk area
Effective
technology for Smart safety hook 0.371 1
fall prevention Smart position control 0.205 3
Movable CCTV 0.197 4
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@ Creation of a safe atmosphere 0.182
® Increase the rate of compliance with safety rules 0.186
(® Reduction in the type and number of near-miss accidents 0.123
@ Improvement of working environment during sealing work 0.140
® Reduced access to hazardous areas 0.136
@ Observance of wearing safety gear 0.171
@ Observance of working hours and locations 0.063
0.000 0.200

Fig. 4. Expected performance of using smart construction
safety technology.,
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@ Expand @ ® Mandatory @ Financial ® R&D
incentives Establishment smart safety ~ support promotion
of smart hub management and expert
and platform training

Fig. 5. Activation plan for smart construction safety technology.
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Gangform Fall Prevention System =ggg* 4.3%
opening open sensor  mskehommm— 11 5%
displacement/gradient sensor EEEEe3:0% . 11 5%
smart radar ﬂ?oﬁ’_g%
Hazardous gas sensor EEESSSSS——"T5 49,
Hazardous access Sensor |EEESSSS—TE /0, 22.9%
Movable CCTV s 0, 24.2%
smart watch =g, 3.0%
smart airbag  "ggg 3.9%
position control sensor  EEEEEEEElYn 15 49
smart safety hook —EEEEEldlbmm 15 49
smart chin strap "gog" 4.8%

0% 5% 10% 15% 20% 25% 30%
W Large-sized site M Small and medium-sized sites

Fig. 6. Smart construction safety technology in use at
construction sites,

Gangform Fall Prevention System [E™378,6.9%

opening open sensor EEEEZH&,5%
displacement/gradient sensor "7 %,9%
smart radar [ 5.3%
Hazardous gas sensor |EEESEE"F"809.5%

Hazardous access Sensor g 40, 13.2%
Movable CCTV  E—" {1403

smart watch  —— B.2%

smart airbag  — §og%
position control sensor EEEEEEEN.8.3% 1) 49,

smart safety hook EEEEEEEEEN.8.5 17 19,
smart chin strap =G0 m—— 20 1%,

00% 50% 10.0% 15.0% 20.0% 25.0%
W Large-sized site M Small and medium-sized sites

Fig. 7. Awareness ranking for smart construction safety
technology.
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B Manager of large-sized site(A) Weighted average

® Manager of small and medium-sized sites(B) Weighted average
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Fig. 8. The necessity of introducing smart construction safety
technology.
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Fig. 9. Necessity according to the use of smart construction
safety technology.,
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Fig. 10. Purpose of use of smart construction safety technology.
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Fig. 11. Reasons for rejecting smart construction safety technology.
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Table 5. Measures for dissemination of smart construction
safety technology

Weighted average
A B C

Category

Requrcement of legal system and 438 433 339
financial support

Reinforcement of corporate incentives 4.00 3.50 2.86

Reinforcement of worker incentives 3.85 333 4.04

Reinforcement of education and

promotion of related technologies 379 325 2.68

Increased convenience in installation,

; : 436 4.08 3.54
wearing, and operation

Demonstrate the effectiveness of

disaster reduction 413 3.67 321

A : Manager of large-sized site
B : Manager of small and medium-sized site
C : Worker of small and medium-sized site
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Table 6. Convenience of the before and after application for
smart construction safety technology
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Table 7. Effectiveness of the before and after application for
smart construction safety technology

Weighted average
A B C

Category

Weighted average
A B C

Category

Attachment  Smart safety hook | 3.15 | 3.08 | 246

type | position control tag = 321 | 3.00 | 2.79
movable CCTV | 348 | 325 | 321
hazardous access

Convenience Sensor 3.65 342 3.00
before
application | Installation hazardous gas sensor, 3.50 | 3.33 | 3.21
type smart radar 325 | 325 | 3.00
displacement/

gradient sensor 340 | 325 | 3.00

opening open sensor | 3.35 | 3.08 | 3.36

Attachment  Smart safety hook | 3.13 | 325 | 243

type | position control tag = 3.04 | 3.17 | 2.68
movable CCTV | 333 | 325 | 239
hazardous access

Effectiveness Sensor 346 | 325 | 286
before
application | Installation hazardous gas sensor, 3.40 | 3.33 | 3.36
type smart radar 319 | 317 | 293
displacement/

gradient sensor 332 | 325 | 3.07

opening open sensor | 3.27 | 3.17 | 329

Attachment | Smart safety hook | 320 | 3.17 | 246

type | position control tag | 3.26 | 3.08 | 321
movable CCTV 368 | 342 | 346
hazardous access

Convenience Sensor 383 | 375 | 329

after
application | Installation hazardous gas sensor, 3.70 | 3.50 | 3.79
type smart radar 336 | 333 | 336

displacement/

gradient sensor 354 | 333 | 361

opening open sensor | 347 | 325 | 3.57

Attachment | Smart safety hook | 3.40 | 325 | 236

type position control tag | 3.45 | 3.17 | 2.57
movable CCTV 378 | 358 | 232
hazardous access

Effectiveness Sensor 386 | 3.67 | 321

after
application | Installation hazardous gas sensor| 3.75 350 | 346
type smart radar 343 | 342 | 3.1

displacement/

gradient sensor 357 | 333 | 339

opening open sensor | 3.54 | 333 | 3.57
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Table 8, Performance on change in workers' behavior with
smart construction safety technology

Weighted average

Category A . e
Observance of working hours 3.13 3.08 2.54
Observance to assigned tasks 3.25 3.17 2.46
Reduced access to hazardous areas 3.74 3.58 325
Increased the wear rate of safety gear 3.54 333 321
Increased the use of safe passages 341 333 2.71
37
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Table 9. On-—site problem—solving performance with smart
construction safety technology

& Weighted average
tego!
gory A B
Lack of on-site operating costs
-smartphone based 351 333
narrow work space
-position control sensor of installation type 340 333
Workers not wearing the safety gear
-movable CCTV 370 37
Lack of safety manager 356 350
-smartphone based, position control sensor ’ ’
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Table 10. Effectiveness of occupational accident reduction
with smart construction safety technology

c Weighted average
atego;
o A |l B cC
Fall - Movable CCTV, Hazardous 378 375 311
access Sensor
Narrowness |~ [C3YY equipment access | 3g1 | 383 | 3
sensor
Squash - gangform Fall Prevention 35] 34 296
ystem
B Hit | Hazardous access Sensor,
ump, HIL - pisplacement /Gradient 372 367 | 307
Collapse
sensor
S}L)lffoca?lon, - Hazardous gas sensor 3.89 3.75 3.79
oisoning
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Table 11. Activation plan of smart construction safety technology

Construction Short-term introduction Mid-to-long term
scale technology introduction plan
Government or + Central Integrated
affiliated - Control System
organizations + Al image analysis system
- Installation type(alarm)
. Small * Stationary CCTV + Drone control system
independent | - Hazardous access Sensor (central linkage)
site + Displacement/Gradient &
sensor
- Installation type(alarm)
* Movable CCTV
Small Eeaazardou; a:::sts ascitzor + Drone control system
site VY equip s (central linkage)
sensor
+ Displacement/Gradient
sensor
- Integrated control system
- Installation type,
attachment type(selection) |y, ion of AT and big
(save alarm and log) data
) Moygble cCcrv + Introduction of intelligent
* position control sensor cCTV
Medium + Hazardous access Sensor | Safety manasement usin:
site + smart safety hook BIMty & e
: }(i;;e g ;Pe;;fn:;);es + Establishment of an
sensvgr cqup s integrated control system
+ Displacement/Gradient for all sites by company
sensor
+ Hazardous gas sensor

Al A] U 28 0K LS 1T
- Integrated control system
- Installation and S .
attachment type gat::mtlon of Al and big
(save alarm and log) . . o
- Movable CCTV Iélgg(\i;lctlon of intelligent
* position control sensor | Safety management usin
Large + Hazardous access Sensor BIMty 8 &
site + smart safety hook TR R/VR/Dici
+ Opening open sensor I;;l;;ze gital
" heavy equipment access | Establishment of an
A ls)einscl)r nt/Gradient integrated control system
splaceme © for all sites by company
sensor
+ Hazardous gas sensor
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Table 12. Activation plan of smart construction safety technology

Strategy

Main subject

Building a smart
ecosystem
(Information
sharing spread)

Spread of consensus on innovation
(conference, contest, education, etc.)

Establishment of smart construction safety
technology hub
(Providing information sharing space,
holding publicity events)

Knowledge platform operation
(Provide effectiveness, sandbox)

Inducing private
technology
development and
activation

Encourage the introduction of smart construction safety
technology and expand incentives
(Reduction of inspections, additional points,
worker rewards, etc.)

Promotion of smart construction safety technology
development
(Developer R&D support)

Expansion of
smart
construction
safety technology
application

Promotion of large-scale pilot projects
(Effect analysis by classifying construction type,
construction amount, etc.)

Mandatory use of smart construction safety technology
for small and medium-sized sites
(Institutionalization, subsidy support,
education plan preparation)

Promotion of large-scale site safety management
(Establishment of integrated control system)

Laying the
foundation for
continuous
innovation

Promotion of public-private joint innovation
research service
(Roadmap establishment, council promotion)

Nurturing smart construction safety technology experts
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