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A Development of Real-time Vibration Monitoring and Analysis System Linked to
the Integrated Management System of Ministry of Public Safety and Security

Ji-Hoon Lim', Jin-Woo Jung®, Dae-Joong Moon’, Dong-Ho Choi"*

Abstract: A frequency of earthquake occurrence in the Republic of Korea is increasing over the past few decades. In this situation, an importance of
earthquake prevention comes to the fore because the earthquake does damage to structures and causes severe damage of human life. For the earthquake
prevention, a real-time vibration measurement for structures is important. As an example, the United States of America and Japan have already been
monitoring real-time earthquake acceleration for the important structures and the measured acceleration data has been managed by forming database.
This database could be used for revising the seismic design specifications or predicting the damage caused by earthquake. In Korea, Earthquake Recovery
Plans Act and Enforcement Regulations are revised and declared lately. Ministry of Public Safety and Security is constructing a integrated management
system for the measured earthquake acceleration data. The purpose of this research is to develop a real-time vibration monitoring and analysis system
for structures which links to the integrated management system. The developed system contains not only a monitoring function to show real-time
acceleration data but also an analysis system to perform fast fourier transform, to obtain natural frequency and earthquake magnitude, to show response
spectrum and power spectrum, and to evaluate structural health. Additionally, this system is designed to be able to link to the integrated management
system of Ministry of Public Safety and Security. It is concluded that the developed system can be useful to build a safety management network, minimize
maintenance cost of structures, and prevention of the structural damage due to earthquake.
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Table 1 Main function of the earthquake and real-time vibration
monitoring system

Main function Details

Inquiry channel, sensor, events
Real-time monitoring sensor

Management sensor, recorder, structure and channel, user
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Fig. 2 Analysis functions for the measured 3-axis acceleration data

Table 2 Evaluation criteria for the structural health

Maximum allowable relative story displacement(%o)

Structural

Damage Level Slight Moderate Extensive Complete
System

FEMA" 356  OP? 10% LsY CcpY

Steel moment frame 0.44 0.70 2.50 5.00

Steel braced frame 0.31 0.50 1.50 2.00

Concrete frame 0.50 1.00 2.00 4.00
Concrete shear wall 0.25 0.50 1.00 2.00
FEMA 356 0.15 0.30 0.60 1.00
KISTEC” 020 040 0.67 1.00

Wood wall 0.40 1.00 2.00 3.00

FEMA"=Federal Emergency Management Agency, OP?=operational,
10 =immediate occupancy, LS"=life safety, CP=collapse prevention,
URM®=unreinforced masonry wall, KISTEC”=Korea Infrastructure
Safety & Technology Coporation

URM®
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Table 3 Measured acceleration data

Provision Value Note
Organization Code CN Chungcheongnam-do
Measuring-station .

Code XX Arbitrary value
Sensor Location G Free field (ground),
Code 3 axis (EW, NS, 7)
HGE EW axis, 100
sample/s

Channel HGN NS axis, 100 sample/s

HGZ Z axis, 100 sample/s
Creation Date 20151202061412 Dec. 2, 2015,
6:14:12 am

CN_XXG_HGE_20151202061412.mseed,
CN_XXG_HGN_20151202061412.mseed,
CN_XXG_HGZ_20151202061412.mseed
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Table 4 JMA scale and approximate MM scale

Approximate

Ground acceleration(gal, cm/s*)  JMA scale MM scale
<0.8 0 I
08-25 1 [-1I
2.8-8 2 o-iv
8-25 3 -1
25-80 4 V-VI
80 - 140 Lower 5 V - VI
140 - 250 Upper 5 VI-IX
250-315 Lower 6 VII- X
315-400 Upper 6 X-X
> 400 7 X -XI
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th&t Arias Intensity a4t A5 AHFE 54 AR-7EA ] 7}
L=dloly Aol thgh A& gkl 7/ (29) & wdte] ALk
th o714 g = FE 7otk 5 kol thk Arias Intensity
B2 A F -5 Foll i Arias Intensity #42] FO=
Tl It Tselentis, 2011). Fig. 12(a)= AR/ 58| 0] E 2]
433 Weko]] t ) Arias Intensity S H.o{ =T}
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2002). IMA Intensity Al4Fsl7] Zol|, A R7IE 2w o B = 7}t
L5 WEY 75 o E At o] HH vole= AVHE
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™, A5 H o714 =9} Table 4o UERA IMA = Al 7]
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