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Abstract : Efforts to reduce on-site safety incidents have expanded, leading to active
research in this domain. However, a systematic analysis to improve the utility of
technology is lacking. In this study, we conducted a survey on the various institutional
and technical improvement measures to promote the application of smart construction
safety technology over three years after the implementation of the “Smart Safety
Equipment Support Project.” The results showed that financial constraint was the
primary obstacle in the adoption of this innovation. Fostering a flexible environment in
the utilization of management fees and financial support of projects was determined to
aid in the extensive application of the technology. Ensuring cost efficiency and
user-friendliness were principally necessary for technical enhancements in the smart
construction safety technology. Technologies, such as VR/AR safety education,
real-time location tracking, wearable devices, and innovation on streamlining
safety-related work efficiency, had been anticipated to contribute to on-site safety.
Operating a smart safety control center was expected to be beneficial in the systematic
securing of data and reduction of safety blind spots. Effective methods had been
suggested to overcome the barriers that hindered the development and application of
smart construction safety technology. This study facilitates in the technological
improvements in this field.

Key Words : construction safety, smart technology, construction site control system,
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Table 1. Legislation & revision of construction safety—related laws

Authority Law & Regulation Legislation/Revision | Enforcement date Summary
Guidelines for Preventing N th Mandatory use of smart safety
Fall -accidents in Public Construction Legislation 117 Apr. 2019. equipment in public construction
Ministry of Lan - . .. h Allow use of safety management cost to
Infras:rryucnne, and’d Guidelines for Construction Safety Management Revision 29" Jun. 2021. utilize smart safety equipment
Transport Construction Technology Promotion Act Revision 14™ Sep. 2021. |Support for smart safety equipment utilization
Guidelines for Smart Construction Legislation 30" Nov. 2021. Promoting Fhe use of smart
Technology Improvement construction technology
. .. m complete revision to improve
Occupational Safety and Health Act Revision 16" Jan. 2020. workplace safety regulations
Ministry of | Construction Industry Occupational Safety and Allow use of occupational
Employment and | Health Management cost Calculation and Revision 2™ Jun. 2022. safety & health management cost to
Labor Usage Standards utilize smart safety equipment
Serious Accidents Punishment Act Legislation 27" Jan. 2022. Prescnbmg'pun.lshn.)ent of business
owners in violation of safety
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Table 2. Overview of related researches
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(i)

Method

Summary point

Literature review
(academic papers)

Digital technologies (DTs) have the potential to improve

safety performance in the construction industry. However,

there is a lack of solid evidence that DTs have actually
improved safety performance.

Literature review
(academic papers)

visualization technology has limitations and shortcomings in
the existing research. therefore, future research to benefit the
extensive application of visualization technology in
construction safety management is required.

Literature review
(academic papers)

Integrating multiple sensor-based techniques is important to
meet the increasing requirements of construction safety
management.

Literature review
(academic papers,
patents)

Smart safety technology is an important means of preventive
safety management, but it requires government support,
verification of prevention effectiveness, and improvement of
cost efficiency to supports the reliability of technology.

Questionnaire survey
(133 respondents)

The survey result suggests that wearable safety techs. need to
be more user-friendly, and affordable for effective safety
monitoring,

Questionnaire survey
(150 respondents)

Advanced technologies have significant potential to enhance
construction safety management, especially in developing
countries. However, further research is needed to investigate
the strategies and barriers to their adoption.

Literature review
(academic papers,
technical articles),
questionnaire survey

(84 respondents)

The future of smart construction research should focus on
developing convergence and a platform for various new
technologies, with government policy support and workforce
training being essential for its succes.

Case study,
questionnaire survey
(45 respondents)

Accidents can be prevented by constantly monitoring the risk
factors of the workers through a control system and removing
accident risk factors in advance.

Questionnaire survey
(20 respondents)

While there is positive response towards the adoption of smart
safety technology, issues such as budget constraints,
perception problems, and unfamiliarity with technology usage
need to be addressed for effective implementation.

Questionnaire survey
(34 respondents)

RFID is largely agreed upon as a potential tool for preventing
health hazards on construction sites. However, there are
barriers to adoption such as cost, technical know-how, data
security, communication range, and power availability .

Questionnaire survey
(133 respondents)

The additional work from smart safety technology applications

increases the stress levels of safety managers. This suggests

that the implementation of smart safety technology should be

managed in a way that reduces the work burden and increases
job satisfaction for safety managers

Questionnaire survey
(181 respondents)

An effective combination of technologies and an activation
plan are needed for successful Smart Construction Safety
Technology (SCST).

Questionnaire survey
(51 respondents)

There is significant interest in the application of smart
construction safety technology, but issues such as safety
management costs and duplication of on-site safety paperwork
need to be addressed for its wider adoption.

Author Country Purpose
BLGo | Nov s for comrion s
@017) | Zealand ¢ v
management
H. Guo China to review visualization technology in
(2017) construction safety management
to provide a systematic review of previous
M. Zhang China studies in the field of applying
(2017) sensor-based technology to improve
construction safety management
to suggest directions for improvement to
S. H. Hong reduce safety accidents at construction
(2022) South Korea sites through research and patent trend
analysis
to explore the use of emerging
- ]3(2()};1)Y & Malaysia | technologies as an effective solution for
improving safety in construction projects
7 B H Ya to investigate the potential of advanced
' ('202'2) P Malaysia technologies in enhancing safety
management in the construction industry
to examine global and domestic research
J. W. Lee South Korea trends in smart construction to stimulate
(2022) related research and identify future
research directions
1. Y. Maeng South Korea to enhance the effectiveness of smart
(2021) safety equipment at construction sites.
to identify problems and propose
E. B. Park improvement plans for smart safety
(2022) South Korea management technology using advanced
IT technology at construction sites
T O to present a survey dataset on the
s . integration of RFID and mobile
OS(;I(])SI 9) South Africa technology for enhancing the safety of
construction professionals
to verify if the additional tasks of
H S So managing smart safety technology
(20&1) South Korea| applications on construction sites cause
stress to safety managers, affecting their
job satisfaction
Y. S Kim to analyze its current condition through a
’ (2622) South Korea| survey, and identify problems hindering its
introduction .
to evaluate the effectiveness of
institutional improvement made to
D. (I;O2Jf)o "€ |South Korea promote the application of smart
construction safety technology in the
construction industry
to investigate the use, benefits, and
C. Nnaji USA adoption barriers of technologies for safety
management 1n construction sites, for
2020 2 i ion sites, ft
enhancing their adoption.

Literature review

(academic papers),
questionnaire survey
(102 respondents)

Construction companies should consider an appropriate mix of
highly experienced workers and those more familiar with
technology use on adopting and implementing technologies.
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Table 3. Distribution of respondents

Field Number of Respondents
1* Survey | 2 Survey | 3" Survey
Safety Management 15 30 3
Quality Control 1 1 2
Construction 13 0 5
Design 7 5 2
Construction Supervision 1 1 3
Others(R&D, maintenance, etc.) 14 13 5
Total 51 50 20

Table 4. Current affiliation

. Number of Respondents
Affiliation g "
1" Survey | 2™ Survey | 3 Survey
Large enterprise 16 20 3
Small & Medium-sized enterprise 24 16 11
Public institution 4 8 3
etc. 7 6 3
Total 51 50 20

Table 5. Years of experience

Number of Respondents
Years t nd rd
1* Survey | 2" Survey | 3 Survey
Less than 10 11 13 0
10-20 36 18 5
More than 20 4 19 15
Total 51 50 20
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Table 6. Survey items of each round

Item 1* Survey 2™ Survey 3™ Survey
SCST" Utilization status (@) O
SCST" Introduction support status O O
Isnétslt]l"ltgggli t;gg);ovement measures for 0 0 o
Teclmjcal.ip']p.rovement measures for )
SCST facilitation
Operation of smart safety control center O

*Smart construction safety technology
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Fig. 1. Experience in use of SCST (1st survey).
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Fig. 2. Experience in use of SCST (2nd survey) .
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Fig. 3. Benefits of using SCST (st survey).
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Fig. 4. Benefits of using SCST (2nd survey),
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Fig. 5. Obstacles to the use of smart safety equipment,
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Fig. 6. Financial resources for SCST adoption (1st survey).
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Fig. 7. Financial resources for SCST adoption (2nd survey).
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Fig. 8. Cost composition by type of affiliation of large
enterprises (2nd survey).
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Fig. 9. Cost composition by type of affiliation of small &
middle—sized enterprises (2nd survey).
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Table 7. Priority for improving safety—related system

Survey response rate (%)
Item
lst 2nd 3rd
Related to safety management cost 40.5 48.7 523
Related to safety management plan 22.6 433 40.4
Related to safety data 28.6 8 7.3
etc. 83 - -
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Table 8. Safety management cost related improvement priority

Survey response rate (%)

1 st 2nd 3rd

Item

Increase in safety management cost 40.6 24.1 333

Expanding the scope of safety management cost| 37.5 213 21.1

Smart safety management cost provided by

the project owner 94 193 88

Adding expense item for SCST 12.5 353 36.8
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Table 9. Safety management plan related improvement priority

Survey response rate (%)
lst 2nd 3rd

Item

Simplification of safety management plan 55.6 253 36.8

Strengthening implementation of safety

31.1 387 | 422
management plan

Replacing the implementation of the safety

management plan with the application of SCST 89 207 17:5

Manualization of safety management plan 44 153 35
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Table 10. Safety date related improvement priority

Survey response rate (%)
lsl 2"d 3rd

Item

Manualization of actions for data from smart
safety equipment

Making interoperability of data from smart
safety equipment mandatory

35 42 51

41 28 9

Making interoperability with smart safety
control center mandatory
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Fig. 14. Development demand for SCST,
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Fig. 16. SCST for workers’ on—site safety.
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Table 11. Priority for improvement of paperwork by field of
work

Field Related Document
Safety Training and Safety (Work) Log related Documents

Statement of Usage Details of Construction Safety Management
Cost and Occupational Safety & Health Management Cost

Safety
Danger Prevention Plan, Safety Management Plan
Accident Investigation Report and Documents related to
Recurrence Prevention Measures
Documents related to Inspection between Supervisor,
Contractor and Supplier
Construction Daily Work Report, Labor Attendant Report and Worker List
Design Drawing
Quality .
Control Documents related to Quality Control
Project Processing of Documents from Central and local Government
Management

Project
Management
5%

Quality Control
6%

Construction
33%

Fig. 17. Urgency of improving work efficiency by field of work,
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Fig. 21. Considerations related to deriving the cause of an
accident and setting—up a database,

Table 12. Additional considerations when operating smart
safety control center

Survey response
Item rate (%)
Personal information protection act compliance 39
and data security management ’
High o
ranked l;/éezssléues to ensure user accessibility and ease 268
continuous feature improvements 232
Specifying the scope of control of the center 7.1
Low | Operation and maintenance budget for the center 54
ranked Work redundancy and additional scalability with 36
other systems )
548
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