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This research delves into the escalating concerns of accidents and fatalities in the construction
industry over the recent five-year period, focusing on the development of a Safety Perception Model to
E-mail : augment safety measures. Given the rising percentage of elderly workers and the concurrent drop in
helim@changwon.ackr productivity within the sector, there is a pronounced need for leveraging Fourth Industrial Revolution
technologies to bolster safety protocols. The study comprises an in-depth analysis of statistical data
regarding construction-related fatalities, aiming to shed light on prevailing safety challenges. Central
Received : December 29,2023 o this investigation is the formulation of a Safety Perception Model tailored for small-scale construction
Revised :January 18, 2024 projects. This model facilitates the quantification of safety risks by evaluating safety grades across
Accepted : January 24, 2024 construction sites. Utilizing the DWM1000 module, among an array of wireless communication
technologies, the model enables the real-time tracking of worker locations and the assessment of safety
levels on-site. Furthermore, the deployment of a safety management system allows for the evaluation
of risk levels associated with individual workers. Aggregating these data points, the Safety Climate
Index(SCLI) is calculated to depict the daily, weekly, and monthly safety climate of the site, thereby
offering insights into the effectiveness of implemented safety measures and identifying areas for
continuous improvement. This study is anticipated to significantly contribute to the systematic
enhancement of safety and the prevention of accidents on construction sites, fostering an environment
of improved productivity and strengthened safety culture through the application of the Safety
Perception Model.
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Table 1. Overview of fatal accidents in the construction sector

Category 2017 2018 2019 2020 2021
Number of fatalities 1,957 2,142 2,020 2,062 2,080
All industries .
Fatality rate(%w) 1.05 1.12 1.08 1.09 1.07
Number of fatalities 579 570 517 567 551

Construction industry .
Fatality rate(%) 1.90 1.94 2.08 248 232
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Table 2. Fatal accidents in the construction sector by construction cost(2022)

Cateco Total Less than 100 million~ 2~5 5~12 12~80 More than
gory 100 million won 2 billion won billion won billion won billion won 80 billion won
. 80 101 43 28 40 36
Number of fatal accidents 328 (24.4%) (30.8%) (13.1%) (8.5%) (12.2%) (11.0%)
. 81 102 43 28 44 43
Number of fatalities 341 (23.8%) (29.9%) (12.6%) (8.2%) (12.9%) (12.6%)
2021 71 A G G5 AL AR 551 F 604 ©1/4d0] 26678(48.3%) 822 7 W1, 554 0]/d0] 101(18.3%)

]_
O =, A19] 66.6%7} 554 oV A7 Al SRt At A o] 88% = LEAe] Eobdet Aol ¢llo s 2
FJU% 178 ZEAL] Q1A s w e dEel tisl) A 93 A= AR YRR, ofof tigt o]
Aot

AAZ 0.2 47} AT 7o) AHo] AV G A5 S FEska gl Aolck, Tt ANY LS 1%
Zopalo] 1 B OIEAN A, TR $150] AT, HR0] B F02 Qs thE Aol vlsh s Ak 371
22 5ol itk 58] Ff AYL AsHe] W, ek LFeu 2R AT B 5 AR S50] G wol wat
of et 277k 273 Gck. ol2le ARolA B Ak AEL HARAE AP thE BaXe 25t 9]
o}, whebA] 2 iRl A Qg Bl Eelste] ALHTH S FAAY| 1A Slel, o] 2 Fa Telage Sl
Sk FAA A 9188 APe] st gk,

2 AT PAIA BEE B gstol 28EH W 2HeAre] ofF B4 Hloleel o Tl HRE Fote] ohale]
QL HIAE FFA 8912 Teishi Tk o] B A AA SHAES FHAD S L FAY EPE ]
dhsict.

98  RAZAIZEIX|



Enhancing Small-Scale Construction Sites Safety through a Risk-Based Safety Perception Model

Previous Studies and Institutional Analysis

Prior Research and Literature Review Domestic Risk Assessment Analysis

1) Research on Risk Assessment in
Construction Sites

2) Research on Real-time Safety Monitoring
Systems

Risk Analysis

Analysis of Risk Levels by Workplace Safety Grades

1) Risk Assessment Approaches
2) Step-by-Step Process and Content for Risk
Assessment

1) Definition of Probability and Severity
2) Risk Determination

Process Development

Development of Safety Sensing System Operational Process

1) Development of Hazard Level Calculation Process for Workers in Hazardous Zones
2) Simulation of Worker Movement Path for 5 Minutes in High-Risk Zone (Falling) and
Measurement of SCLI Value

Efficient Safety Management through Sensing Model

Figure 1. Flowchart of the research
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Table 3. Review of previous studies and their implications

Author Main contents

* Implemented warning system with beacons and ultrasonic sensors for designated danger zones. Alarms activate through

Kim et al.[4 . Lo .
im et al.[4] LED and sound alerts on both [oT cones and integrated safety devices in the worker’s vest when approaching these zones.

* Implemented safety management system with Arduino, environmental sensors(temperature, humidity, gas, smoke) for

Jeong et al.[5 . .. .
& 151 monitoring. Sends alerts to administrators for effective safety management.

* Emphasized the need for regulatory standards in safety inspections using crack sensors to prevent incidents like facility

Choi et al.[6] collapse.
Choi[7] . Ana%yzed domestic tecl.mologies for a 3D spatial information-based maintenance system, proposed integration approaches,
and implemented a maintenance model.
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Risk Assessment «
Regular Risk Assessments (Twice a month)

Operation of Risk Assessment
Meetings
Monthly (Twice a month)
Can be substituted for one meeting by the
Safety and Health Committee

Selectlon of high-risk tasks for risk
di foll d by .
consultations
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Safety Education

Education on Risk Assessment Results
(Conducted within 2 days, if applicable to
partner companies)

New Employee Safety Training
(1 hour or more)

Implementation of Safety Activities such
as Safety Work Instructions

Regular Safety Training Establist and Impl of
(At least 2 hours per month) Safety Facility Installation Plans
Special Safety and Health Training
(At least 2 hours before specific tasks)
Provision and M. of Safety

Supervisor Safety Training Protective Equipment
(8 hours semi-annually / 16 hours annually)

Safety Inspection and Evaluation

On-site and Partner Companies
(Implementation of corrective measures
and evaluations|

Figure 2. Flowchart of risk assessment
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Table 4. Definition of probability

Category Level Criterion of Probability
Hich 3 * High likelihood
£ * If the actual exposure time to hazardous factors is 6 hours or more daily
Medium ) * Moderate likelihood
* If the actual exposure time to hazardous factors is 2 to 6 hours or more daily
Low | * Low likelihood

* If the actual exposure time to hazardous factors is less than 2 hours or more daily

Table 5. Definition of severity

Category Level Criterion of Severity

* Accidents that may lead to fatalities

* Exposure to chemical substances, dust, noise, etc, exceeding exposure standards
(recommended standards)

» Handling of carcinogenic, or reproductive toxic substances

* Occurrence of occupational disease with a medical diagnosis of causation

» Medical care or death requiring more than 3 months

High 3

* Accidents that may cause serious injuries such as blindness or amputation
* Accidents requiring medical treatment in healthcare facilities
Medium 2 » Exposure to chemical substances, dust, noise, etc, exceeding 50% of the exposure
standards(recommended standards)
* Care required for more than 4 days but less than 3 months

* Accidents that may cause near-miss incidents or minor injuries

* Exposure to chemical substances, dust, noise, etc, below 50% of the exposure standards
(recommended standards)

* Care required for less than 4 days

Low 1
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Table 6. Risk determination

Risk Level Management Criteria Remarks

Providing Harmful Risk Information and Education to Workers
* Disseminate information regarding harmful risks to workers.
* Conduct educational programs to enhance workers' awareness and understanding of potential risks.

No specific actions

1~2 L
ow needed at this time.

Establishing and Improving Safety and Health Measures
* Develop safety and health measures for implementation.
« Continuously enhance and improve existing safety and health protocols.

Implement actions to

3~4  Moderate
enhance the current state.

Execute immediate Executing Immediate Improvements to Sustain Operations
6~9 High actions to address and ¢ Implement immediate actions to address and rectify issues.
rectify issues. * Ensure that necessary improvements are promptly executed to sustain ongoing operations.
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Table 7. Key technologies of major short-range wireless communication methods

Communication Method Key Technologies
NFC * Electronic tag technology, commonly used in electronic payments due to stable communication between devices.
However, limited communication distance, reaching up to only 10cm, and relatively slow transmission speed.
WiFi * Widely prevalent short-range communication network used for internet connectivity, highly utilized in various
manufacturing environments.
Bluetooth * Affordable and compact, primarily used in mobile devices. Features low power consumption but is less suitable for
large file transfers due to slow transmission speed. Capable of standalone implementation.
Zigbee * Slower transmission speed compared to Bluetooth, but with low power consumption. Suited for fixed locations.
* Low-power communication technology offering longer communication distances and lower frequency interference
Z-Wave - . . . L.
compared to WiFi, Bluetooth, and Zigbee. Higher cost but versatile applications.
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Table 8. Comparison of short-range wireless communication technologies

Communication Frequency Transmission Distance Power Anplications and Features

Method Band and Speed Consumption PP
NFC 13.56MHz Up to 10cm Low Low * Short-range communication for electronic payments, etc.
WiFi 2.4GHz, 5GHz High Moderate to High * Internet access, wide range of applications

Bluetooth 2 4GHz Short to Medium Low Low « Short-distance comn.lur.ncatlon for mobile devices,
low-power characteristics
Zigbee 2.4GHz Short to Medium Low * Suitable for fixed locations, low power consumption
Z-Wave 900MHz Medium to Long Low * Low-power communication, relatively high cost
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Figure 4. Flowchart of on-site safety management system by risk level
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