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Abstract : Presently, safety management of facilities is conducted as a site-oriented safety inspection, but depending on the
facilities, there are difficulties in access to the site, and the cost and time of inspection are inefficient due to excessive reliance
on human resources. Therefore, the necessity of sensor-based safety management is being raised to ensure the safety of the
facility at all times, and various studies on sensor safety management are being conducted, but the research on verification
of practicality is still insufficient. Therefore, the improvement points were presented through analysis of domestic and
international studies, and additional processes for setting sensor attachment location and threshold were derived by analyzing
the H city sensor safety management process, and practicality of sensor safety management was verified through sensor data
measurement values. It is expected that efficient, sensor-based facility safety management will be possible if clear criteria and
ongoing practicality verification for the additional processes presented in this study should be carried out in the future.
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Fig. 1. Safety Management Flow Chart
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Table 1. Safety Inspection and Precision Safety Diagnosis

Safety Grade A Grade B-C Grade D-E Grade
Periodic Safety more than three
Inspection more than once a half-year times a year
B Building | More than once | more than once | more than once
Precision 9 in four years in three years in two years
Safety —
Inspection Building | more than once | more than once | more than once
Exterior in three years in two years ayear

more than once | more than once | more than once
in six years in five years in four years

Precision Safety
Diagnosis

Performance Evaluation more than once in five years
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Table 2. Research Status and Review
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Research title Content Review DLESEEn G
Impprovement
Maengetal. | Proposing a USN-based structure safety management system The threshold has been set and data received in case of an
(2018) and conducting experiments to review site applicability abnormality in intensity, but the actual case review is insufficient
Based on the comparative analysis of the case data of the
Ioetal precision safety inspection and precision safety diagnosis report | Proposed improvements related to the system and law
201 8)‘ issued by the Korea Infrastructure Safety and Technology and required development of appropriate technological
Corporation, he improvement plan is derived through a survey developments
of experts System
I he safety of the buildi f Improvement
n order to ensure the safety o t. elbw dmg 5 gty management A study that analyzes the overall safety management system
Park et al. system, the relevant statutes, building designation status, and )
4 . ’ ) A and presents problems and improvement measures to the
(2019) disaster accident status are analyzed, focusing on inspection .
; Lo ) current system, focusing on the system rather than sensors
targets, inspection timing, and rating assessment
nalysis and improvement of problems in field measuremen ough improvement measures are proposed for areas
Yoon etal Anal d t of probl field t Although t d f
(2020) : from a practical point of view of precision safety inspection and | lacking during on-site inspection, they are dealing with on-site
precision safety diagnosis through interviews and surveys equipmen
fety d through int d t
Mingyuan Zang Analy;mg the results of sen;or—related research so far Still, the development of sensor-based construction safety
and discussing the future direction of sensor-based safety . ;
etal. (2017) management development management lacks from theoretical research to practical use
asic Study on the Safety Evaluation through Real-Time reshold values have been set according to safety assessmen
Lee A Basic Study on the Safety Evaluation through Real-Ti Threshold values have b t ding to safet t
(2019) Measurement by attaching FGB Sensors to Underwater Parts grade for sensor reference, but lack of actual case review
for Damage Detection of Structures in Port Facilities through virtual simulation in the laboratory
Although various measurement equipment are used for safety
Yeon et al inspection of medium and large bridge structures, most of Presenting a displacement measurement sensor suggests the
: them are inspected at a certain interval, and it is difficult to need for real-time measurement through sensors, but lacks
(2019)
conduct continuous safety inspection, suggesting real-time consideration of actual application and institutional aspects Verification
safety inspection measures through sensors and drones of Sensor
iracti | Practicality
Amin Asadzadeh | Link sensor-based safety management system to BIM program it presents the‘develqpme‘nt d|r§ct|on of sensor-based safety
) " management in conjunction with BIM, but further research on
etal. (2020) for improvement of Australian safety management process ! . A
practical use is required
Using real-time sensing information for structures with heavy
Limetal. casualties and losses in the event of an accident, a variety of Research aimed at developing sensing systems requires a
(2020) decision support models are presented through a pre-predictive | review of institutional aspects and practical applications
service system rather than a post-accident response
Kim et al Propose a new wireless measurement sensor network method A case study of wireless instrumentation sensors has drawn
’ and provide measurement sensor installation and maintenance | up practical application measures, but actual application and
(2020)
plan verification are required
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Table 3. Survey Facilities and Sensor Amount
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Table 4. Sensor Type and Characteristic

- Survey o
Facilities Facilities Facilities Type Senser Type Amount | Sum
one-axis acceleration 1
strain sensor X, Y 2
A Apartment 9
crack sensor 2
inclinometer sensor X, Y 1
strain sensor X, Y 2
crack sensor 3
B Apartment ——— 10
inclinometer sensor X, Y 1
temperature sensor 1
Building inclinometer sensor X, Y 3
C School wire displacement 3 10
temperature sensor 1
Inclinometer sensor X 4
D School Inclinometer sensor Y 3 9
crack sensor 2
B inclinometer sensor X, Y 2
E Traditional crack sensor 4 9
House
temperature sensor 1
Water inclinometer sensor X, Y 2
F Purification 5
Civil Plant temperature sensor 1
Structure Wiater inclinometer sensor X, Y 3
G Purification 7
Plant temperature sensor 1
inclinometer sensor X, Y 2
H Tunnel crack sensor 2 8
strain sensor 2
strain sensor 4
Bridge temperature sensor 1 6
crack sensor 1
strain sensor 6
. J Bridge temperature sensor 1 8
Bridge - -
one-axis X acceleration 6
strain sensor 6
K Bridge temperature sensor 1 8
one-axis X acceleration 1
strain sensor 8
. crack sensor 1
L Bridge 12
temperature sensor 2
one-axis X acceleration 1
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Sensor Type Sensor Shape Characteristic
« Detection of physical changes in a
acceleration structure
sensor « Converts vibrations to electrical
signals
( ™ « Installation on structures, retaining
inclinometer N X D walls, piers, etc.
sensor : . « Measure the slope due to unequal
subsidence
« Static and dynamic measurements
can be used simultaneously
crack sensor BN
3 « Measurement of cracks on concrete

- surface or displacement of structure

= « Small and lightweight, convenient

wire . installation
displacement
~
« Not only cured condition but also

« Measurement of the length
- strain can be measured during
strain sensor 5 i ) curing process

displacement of a structure or slope
« Strain measurement is possible at
high altitude

« measure the temperature change

inside and outside of a structure
temperature *
sensor % | « Long-term temperature changes
< and both concrete structures can

be measured
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Table 5. Analysis of Sensor Safety Inspection Process through

H-Case
Task Contents Before attaching| After attaching
a sensor a sensor
Facility drawing review 0
Review existing checks 0
Pre-Survey | Review of inspection items of 0
major components
Review of diagnostic inspection
o]
data
Exterior inspection of facilities 0
Exterior inspection of major 0
) components
Field P
Survey Field material test 0
Locate the sensor
Threshold reference setting - 0
Analysis of appearance survey
o]
results
Analysis of field material test 0
Facility | results
Evaluation | Sensor instrumentation data o
analysis
Facility condition and safety
0 (0]
assessment
Repair and reinforcement plan
Facility maintenance plan
Preparation of an on-site 0
Report inspection result report
Completing the sensor inspection 0
results report
Judgment of prohibition of use 0 0
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Table 6. Set Standard Value by Sensor Type

Sensor Type | Standard Value Detailed Guideline

« Limit that the partition wall is expected to
strain crack for the first time
sensor 13000190 |, Limits of expected difficulty in working on

high-priced cranes

« Surface damage area of less than 2% such as

crack 0.1~0.3mm stripping, stripping, material separation, and
sensor (B Grade) PPINg, STBPING, P '
white coating
. « Data standards for accelerometers are
acceleration

1/500 discussed by agencies

sensor « Apply 1/500 at H.

Ak W AAR] 71z=0l met AA AZ EIRIE H, F
Al A2 4EA R LR, 238 019 AZ7I0M EA,

é.?q‘ | 87 41l g Sall HER0IA Halsto] o1
2] & ZIsIACk

3.3 HA| 4IA] HjO|E] A Zxt

HAl A1 HloJE1E= 20198 9¥RE Z4510] SRR
AHEES AZ 212 ZAGIU 0N, TS (Fig. 2= AJAl
2 £74 55 24 982 Lehd Izl

ﬂl

Interest @ Warning

Danger Serious

B2
Bauilding

Fig. 2. Class Statistics by Facility Type

SITI7HA] £38,339719] OHIEZ} HHGII O, AlLDE
SHHE AFES 38,148710] IR OH, wEe 187
H, AR s 440] MG ASE OﬂH 7VE @ o]
E7} 2hAsi on, SERIoAl Zago] 7= AA 2 A
Z 559 OHIET} THE AL E0] 18}01 o] 25O
H, 2020 5¢, 6o FSEOZ OHMET} eI S %POJ
glom, olo] & 12709] AIdE & OHIEQ] Hie7} =
ASFEQ! A9 DO] HIOIHE OHIEV HER o2 ‘?:.jéﬂc&
2020& 5¢ HIOJEIE 7HIo = HEAJ6IRAT

3.3.1 A Facility

A9l A2 20199 69 249 HAHA

o

l

4

5 71 AAlstq



AldE JEEVI0A ASEY HSHEE Bten, T
(Fig. 3)2 SIEZA) WE AQ] AIA FAILIXE LEHH &2
oI

Fig. 3. A Facility Sensor Location

= HERAPIA 15715 % D, HEEAA X, Y 2704,
T 2712, BAEAAIAL X, Y 4 B 9719 MIAE 7
Zfslo] eHEEEE HAISIALE

Ad4i} BZE oMIESO] 580 HEFOE Wdslale
H, 50 LIS 5446719] O[HIE & wEAAOIA] 5429
0] AL, 157 A OIA 17:19] O|HET} Hhedat
RO, 209] wEAOIA Y B FOIHATE 29, BAH
A7} 2,321, A 3,070A0] EEFL], ZHSTEA ol
A& el B o7 13d BA 22, A2 240] EAsRIC
Che (Table )3t <Fig. 9= vt @A B 7HESLEAQ] AR
A B 715 3k daEo] ehlch g4, A2t eAe) &
S EaACIRE V]| = Fdqe)| = A

Table 7. A Facility Threshold Steps and Standard Value by Sensor

SensorType | Threshold Steps Standard Value Amount
interest 0.013~0.027
crack warning 0.027 ~0.054
sensor 1 Danger 0.054 ~ 0.082 2,327
Serious more than 0.082 3,070
interest 0.139~0.167
crack warning 0.167 ~0.22
sensor 2 Danger 0.22~0279
Serious more than 0.279
interest 0.0088 ~0.01
one-axis warning 0.01~0.014
acceleration
sensor Danger 0.014~0.017 2
Serious more than 0.017 2
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Table 8. D Facility Threshold Steps and Standard Value by Sensor

Sensor Type Threshold Steps Standard Value Amount
interest 0.0175~0.035
two-axis warning 0.035 ~ 0.07
inclinometer
Y-axis(3) Danger 0.07 ~0.105 68
Serious More than 0.105 3,383
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Fig. 6. Total Inclinometer Sensor and Two-Axis Inclinometer
Sensor Y-Axis(3) Measurement Value
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