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Abstract

Due to the frequent occurrence of large-scale disasters such as recent earthquakes, the problem of the safety of old school

buildings has emerged. The need to secure safety management technology through constant monitoring is increasing in an attempt

to supplement old school buildings with weak disaster response capabilities. Traditional research is approaching the development

of an existing sensor-based risk precursor information monitoring system. However, unlike this, in this study, we will focus on

the development of a data analysis platform as part of the development of a continuous monitoring system that can be prepared

for earthquakes, collapses, and fires, based on constantly measured data. For this reason, the development of a safety diagnostic

algorithm based on the optimal sensor-attached points and sensor data reflecting the fragile characteristics of old school buildings

was derived. Utilizing this, a message and action manual system for each management / use entity of school buildings after

retirement was constructed.
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Figure 1. Data Analysis Platform Configuration
(GllolE] 24 ZZo| 7a)
-_— = = =1 =
2. =¥ sfui£E2| DB &4

Table 1. Structural Classification of Old School Building
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Figure 2. Execution of standard drawing DB program of school building
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Detail Structure Compo§ tion
ratio ) ) )
Brick structure, Block Structure, Stone Structure, 75% Table 3. saoffle?ffmos'sHD}f ;Adn:iIVSIS Result
Other Masonry Structure 7o (etxzic DB 24 Z=)
Reinforced Concrete Structure, Precast Concrete 89,49 Division 70's~80’s 90's 00’s
Structure, Other Concrete Structure e Characteristic |Standard book Lateral force L Atvvical
General Steel Structure, Light Steel Structure, aractenistic | standard boo resistance arge, Alypica
Steel Pipe Structure, Single Steel Structure, Truss Wall Masonry wall |Shear wall start| Concrete wall
Structure, Other Steel Structure Beam Standard| 300600 400<600 400700
Steel concrete structure, Steel Reinforced Concrete 28% Pillar Standard | 400<450 2005500 400%600
Structure, Steel Reinforced Concrete Composite
Structure, o
Other Steel Reinforced Concrete Structure T 9 okAZY DBEMOA AHE3 ARE FE351]
General wood structure, Log structure, Truss -?46]—04 {i]l. o 9/] 5_ ;\é % gg 7]_—;% _/': 9}1&‘: _T_E'_/\é %7]_ /\] EEZ
structure 0.3%
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Table 4. Safety Vulnerability Analysis by Construction Year and Structure
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Type 70's~80's 0N’s 00’'s
- Shear walls - In addition to
- Mostly no . .
Shear wall begin to be staircases, most
Shear ; . installed in the of the side walls
- School side . . .
Wall wall are mostl stairwell section| also begin to
maso wallgy of the school install concrete
ey ) plane. walls.
— V -
- Structural anous
.. . structural
design is carried
- Structural shapes, shear
. out through
calculations o walls
. actual building
using standard lans. and - Concrete
books show sarioils structures are
that most . formed on the
. cross—sectional .
Full sections chaes. lateral waist wall and
feature maintain the Des, . side walls.
force resistance
same pattern. svstems and - Most of them are
Most of the Y largely atypical
. shear walls are
horizontally . structures
installed.
shaped ~ Start plannin connected
structures. . D e toschools,
atypical K
gymnasiums and
structures. ..
auditoriums.
Vulnerability
. . |Variants Due to |Vulnerability of |Vulnerability of
Security . ..
Heterogeneous pillar pattern zone |joints due to the
vulnera— . . . . .
e Materials in according to increase of atypical
bility . .
Structures and  |seismic design structures
Non-Structure
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Table 5. Safety diagnosis data analysis result
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Structural Ttem Contents
C t .
onerete Concrete compressive strength and
strength and o
o . part specification
specification
Crack Silica width, Area ratio
Reinforced (,oncrete. Carbonation depth
concrete carbonation
structure Surface Peeling, Peeling and layer
(89.4%) . separation, Leakage and white
degradation
pollen, Rebar exposure
Inclination Architecture
. Slope of structures and members
Subsidence .
due to floating settlement
Concrete Concrete compressive strength and
strength and e
D part specification
specification
Masonry Wall | Masonry wall volume and
Specification thickness
N Crack Silica width, Area ratio
asonry -
structure ;)rrllacorjztiion Carbonation depth
75 Peeling, Peeli d 1
Surface eeling, Peeling and layer
. separation, Leakage and white
degradation
pollen, Rebar exposure
Inclination Architecture
. Slope of structures and members
Subsidence .
® due to floating settlement

Table 6 Crack Monitoring Criteria(Z 2 ZUE{Z J|F)

Environmental Conditions for Corrosion of Steel
Type of steel Dry Wet Corrosive | High Corrosive
environ— | environ— . .
environment | Environment
ment ment
Building|  0.4mm 0.3mm
Steel 0.004tc 0.0035tc
Etc. 0.006tc 0.005tc

1) where tc is the minimum coating thickness (cm) between the
surface of the outermost reinforcing bar and the concrete

Table 7. Monitoring Criteria of Building Slope
(AEE 7127 2HEHE 71F)
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Inclination Contents
(Angular displacement)
1/750 Within Danger(?us settlemept limits for sensitive
mechanical foundations
1/500 Within Crack initiation limit of the structure
1/250 Within Detect Slope of Structure
/150 Within Limitations Where structural damage to
the structure is expected
Over 1/150 The risk of the structure
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Table 9. Smart Monitoring Criteria (A0IE 2 LUE{™ J|F)

Measuring range : 0~0.5mm or more

Clack Measuring interval : 0.0lmm or less

Measuring range : 0~1/150(mm/m) or more
Measuring interval : 1/50(0.02mm/m) or less
Measuring range : 0.1~50Hz

Acceleration | Dynamic range : 120dB or more

Sensitivity Error Between Components @ 2%

Inclination
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Table 8. Acceleration Monitoring Criteria(ZI& = ZHEZ 7|F) 4 _'T_-?-%I'J_.'L 7|_'| g—E % ﬁul‘ EQ LI E‘I'-'é' Al ﬁE_jl

of
Type Standard specification Contents
.Mlmmum.frequency is 0.1Hz or Must maintain a B o 94 /\u]—E UQHQ /\]/\54]_0_ Fi 49]_ 7L°] A
less, maximum frequency 50Hz 2 Ao AnE B ° —Hmv rig. &l
Frequepcy or more Detects ground motion smooth frequency = = = i 5 = 1:1 o Ea o
domain L . response from ME B3 AZE dolHe ﬂﬂa sAEAS B3 kA
within 3 dB of accuracy in a 01Hz to 50Hz }
given frequency band ) TRG7LE ANt O AdE EEHete Alagolth oA
- 120 dB or more FUHYE 2 ordE FGrtE Y3 YAAEE AZdolH
- Selection should be made - = o ‘_ o
Dynamic taking into account the = Q? U7\‘— Tl‘x] & ﬂ Ol' KT /‘%ﬂoﬂ /\1 §]' H o]—II] 1_1./\]
range natural frequency (or.lpherent Ago] A a EAEA 9 ok T Hrks B FA e A
frequency) of the facility
- Maximum measured seismic
acceleration 2.0g m m m
\?Oligug Prevent distortion
. e . | - 1% Within of ground motion
linear ratio size
(linearity)
Sensitivity m
FError Accurate vector
- 2% Within components
Between . oo BAWER B 1A B4
must be inferred (Bt saace)
Components
Attenuation | 60~70%
rate
Output  |Within the maximum input oltage |Prevent distortion
voltage |of the seismic accelerometer of measured data
- Differential output method when| ... . .
Output . Signal distort ) .
metﬁg J the distance from earthquake C;irsl od bS (;wlizz Figure 4. Data flow chart for safety monitoring
accelerometer is more than 50m ol (et B L|E{Z ol H|o|E] SEK)
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Figure 5. Structural health assessment and data collection
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Figure 6. Composition of Analysis System
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Figure 7. Hazard Level Judgment Algorithm
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Figure 8. Sensor-based integrated safety management system
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Figure 10. Facility Safety Monitoring System Platform Overview
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Figure 11. Real-Time Monitoring Main Screen
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Figure 12. Measurement Data Query by Real-Time Sensor
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