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Abstract— Recently, the construction industry is paying attention to the
permanent safety management of the structures. However, most structural safety
diagnosis management methods are managed by manual measurement method, in
which technicians measure the displacement of facility on a regular basis. Since the
technician must be put in every time measurement is required, there is a limit in
confirming the displacement of the structure in advance and responding
immediately. Therefore, the necessity of the always-on safety monitoring system for
structure safety management is emerging. In addition, it is important to ensure the
reliability of the management personnel by systematicizing and standardizing the
measurement management method for securing the safety of structures. Therefore,
the purpose of this study is to secure the technological competitiveness by developing
10T sensor network based system using wireless communication infrastructure and
develop integrated safety management system by adding various sensors. Through
this study, we will build a smart structural safety management system that acquires
and utilizes fast measurement data for structural deformation.

Keywords— wireless, safety monitoring system, 10T sensor, real-time remote,
smart structural

1. INTRODUCTION

1.1. STATUS OF MEASUREMENT MANAGEMENT ON STRUCTURES

Although much effort is currently being made to recognize the importance of safety
management of structures around the world, structural areas that have the greatest impact
on the safety of structures are those that require a high level of expertise and are judged
by experts on-site diagnosis [1]. However, the number of experts is absolutely lacking
compared to the subject matter to be managed, and we are coping with structural
problems after they occur, so we have limitations in preventing accidents. To improve
this, a monitoring system should be developed to monitor the damage status of the
structure at all times and installed on-site to provide expert-level programs and
management systems to detect and determine abnormal conditions of the structure in
advance so that the basis for safety management can be established to prevent accidents
in advance [2].

In addition, in the construction industry, the application of information technology (IT)
such as a web-based database, wireless communication, mobile devices, etc. is
expanding. However, the use of IT is limited in the practical application of construction
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work and does not contribute directly to the improvement of quality and productivity in
the convergence with the construction method [3]. On the other hand, the measurement
management of structures has difficulties in accurately and promptly transfering
information, and there are problems such as human injury, economic burden like recovery
costs, and civil complaints, when an accident occurs. As shown in Figure 1, construction
of a structure may cause damage to adjacent facilities along with subsidence of the
ground, and in such a case, a large safety accident may result in personal injury [5]-[7].

In order to solve these problems, we will build a real-time remote measurement
management system incorporating information technology such as internet and sensor
technology when constructing structures [8]. Through this, it is expected to improve the
stability of the structure, reduce the management cost of the construction project, improve
the efficiency of the structure manager's maintenance, and establish the structure's
preliminary safety system.

Fig. 1 Structures collapse example

2. REVIEW OF DOMESTIC AND FOREIGN RELATED
TECHNOLOGIES

2.1. DOMESTIC (SOUTH KOREA) TECHNOLOGY STATUS

In accordance with the Special Law on Facility Maintenance, for type 1 facility, it was
required to conduct a safety inspection twice a year and once every two years for
precision inspection. In the case of safety management by measurement, most data are
acquired by manual measurement method in the field, and the analysis of measured data
during measurement is judged by the relevant experts, then the result is notified to the
manager to take action [9]. In addition, most of the measuring equipment used in the field
is expensive foreign imports.
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2.2. FOREIGN TECHNOLOGY STATUS

Foreign companies are divided into sensor manufacturers and specialized companies
that manufacture and distribute each sensor element technology as a unit system.

These individual unit systems are composed of equipment that is standardized for the
purpose of measurement, so that the technical requirements of users for the integrated
management of the structure cannot be actively applied. In addition, most of the
communication methods, which are data transmission systems, have a wired method, and
thus have problems in installation and maintenance of the device [10]. In developed
countries, foreign countries are developing and focusing on the field of structure
maintenance using ubiquitous technology as shown in Table I. It is a system that detects
displacement and transmits data by installing RFID tag in buildings or structures.

Table I. Domestic and overseas measurement technology

Item Contents

Measurement In tunnel construction, real-time monitoring is performed by performing
automatic measurement throughout the structure.
Temporary measurement is performed manually at the same level as in
Korea.

Safety diagnosis Establishment of Objective Evaluation System
Development and application of quantitative evaluation techniques

Integrated

Maintenance System is under development
Measuring Sensor for automatic measurement is under development
equipment Data loggers have been developed and are in use

3. DEVELOPMENT OF STRUCTURE SAFETY MANAGEMENT
MEASUREMENT SYSTEM

3.1. SYSTEM CONFIGURATION

There are global monitoring techniques and local monitoring techniques that measure
changes in the structure’'s dynamic behavior using sensors such as accelerometers,
speedometers, displacement meters, stress meters, ground reaction systems, and wind
vanes. Local monitoring and management systems are divided into monitoring and
maintenance systems for the stability of each structure, such as the columns that make up
the structure. In the structural design phase, material properties and analytical model
inevitably include significant errors from actual structural behavior [11]. Therefore,
analysis and evaluation techniques based on measurement data are required. Based on this
analysis and evaluation technology, alarm and maintenance systems for each structural
level can be built. This allows programming of structural analysis techniques, on-site
measurement data analysis techniques, comparative results of analysis results and
measurement results.

The simplest way to determine the safety status by comparing and analyzing the
measurement results is to make a judgment according to relevant standards. In an
operational management system, a monitoring program is developed to store the values
measured by the sensors and allow the user to check the measured data in real time
according to established criteria [12]. The user can set the management value for each
level required step by step, and the program is delivered to the user step by step when
detecting data exceeding the management value set by the user. Therefore, the most
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important safety evaluation algorithm is developed and applied to the operation
management system to inform the user of the status of the current structure.

3.2. REMOTE MEASUREMENT SYSTEM

The remote measurement system is capable of remotely monitoring the status
information of remote structures through sensors and remote measuring devices installed
in the field, and prevents accidents by automatically generating an alarm to the manager
in case of an abnormality of the structure [13]. It is a system that not only saves time and
expense through automated measurement management but also achieves scientificization
of measurement management using analytical functions linked to experts. Table Il
compares wired and wireless remote measurement systems by applying the same type,
guantity, and installation location of measuring sensors, and changing the rest of the
system configuration and functions.

Table Il. Telemetry System Comparison

Short construction
period and easy
facility management

construction time

= Difficulty in facility
management due to
cable installation

shorter than wired.

= Easy maintenance
due to no
communication cable

division Wired + Wireless .
LAN wireless Remarks
= Takes long = Construction time is

=No communication
cable construction

System
maintenance

u All related sensors
are inoperable when
datalog error occurs
(up to 32)

= Maintenance
difficulty in case of
failure by imported
equipment

= Only one related
sensor is inoperable
when datalog error
occurs

= |mmediately
replace equipment in
case of failure

= Easy repair and
replacement of
equipment

Alarm function and
expert input on site

= Only checked in the
control room

= Expert input takes
time when problem
occurs

= Alarm notification
and real-time
measurement mode
support for all
relevant parties

= Expert on-site input
immediately

= 24 hour unmanned
surveillance analysis
expert support

Technical services

=Management starts
after completion of
construction

=No professional
always-on functions

= Manageable during
construction
=Expert remote
management all the
time

= Battery operated

Cost

=High price
m|ncreasing cost at
scale

=Relative low cost

mReduced cost at
scale

mShort construction
period and easy
maintenance

3.3. DEVELOPMENT OF SHORT-RANGE AND LONG-RANGE WIRELESS
REMOTE MEASURING DEVICE WITH INTEGRATED DATA LOGGER
FUNCTION AND COMMUNICATION FUNCTION

Conventional data processing methods have used data loggers (usually using 18 or 36
channels as data processing devices) connected to sensors to measure data. It is a method
of transmitting data to a management server using portable data storage devices, wired
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and wireless communication devices. Since the data logger, communication device and
management server are composed of one unit, it is a system that needs AC power to
process data logger and communication device measured data at multiple points.
Therefore, the bulk of the data processing unit and the need for a power cable and a
management server caused a large initial cost, which was uneconomical [14].

This development technology, first, simplifies the system configuration by integrating
the data logger function and communication function and secondly, it plans to develop
short-range wireless remote device with a free communication charge and long-range
wireless remote device with a communication fee. Construction feasibility can be secured
by simplifying the system configuration, and economic feasibility can be secured by
rationally deploying short-range and long-range wireless remote devices. Therefore, there
is a need to develop a real-time remote safety management sensor suitable for system
efficiency and economy [15].

4. REAL-TIME REMOTE SAFETY SYSTEM USING INTERNET &
loT SENSOR

4.1. SCOPE OF TECHNOLOGY APPLICATION

By connecting various sensors such as inclinometer used in the structure, it is possible
to implement the real-time wireless remote safety management monitoring system
function applicable to various sensors and structures, which is excellent in applicability
and expandability [16]. It is also a technology that can be used for the safety management
of various facilities as well as structures. Various sensors such as strainer, load meter,
displacement meter, water level meter, wind direction subtractor, rainfall meter, and
accelerometer can be connected and applied to automatic measurement of various
structures (dams, sides, tunnels, bridges, etc.) and permanent maintenance measurement
such as fig 2.

Use of various sensors Wireless Remote Network Configuration

VN ' - -

Inclinometers and Acceleration

Displacement Sensors S > - n manager
’ Wireless remote
Integration device  Web server Cllent

Water level and wind  Strain Gauge and
direction / wind sensor  Load Gauge Sensors

Fig. 2 Real-time wireless remote safety management monitoring system function
applicable to various sensors and structures

4.2. COMPOSITION OF THE PROGRAM
4.2.1. NETWORK CONFIGURATION USING THE WIRELESS REMOTE

MEASURING DEVICE: the real-time wireless telemetry device can automatically
measure the data of the ubiquitous sensor installed in the seismic reinforcement structure
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and transmit the measured data to the subordinate computer at the remote location by
using the wireless network. As shown in fig 3-4, a wireless telemetry system consists of a
sensor, a wireless telemetry device, and a management program.
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Fig. 3 Wireless remote measuring device

Fig. 4 Data Processing and Storage Computers and Peripherals
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4.2.2. CHARACTERISTICS BY SENSOR TYPE

1. Inclinometer sensor : 2, Strain Gauge Sensor : 3. Load gauge sensor :
Measuresnent of the 1iit state of the structure Stress state measurement of structures  Earth anchor load state measurement

4. Displacement sensor : 5. Water level sensor : 6. Acceleration sensor |
:exmm of displacement state Groundwater Level Measurement Weasurement of vibration state of the structure
ure

LI

Fig. 5 Sensors that make up the wireless remote measurement management system

Types of sensors include inclinometer sensors, strain gauge sensors, load gauge
sensors, displacement sensors, water level sensors, acceleration sensors, and rebar stress
sensors and ground sediment sensors such as fig 5. Among them, the reinforcement stress
gauge sensor is manufactured in the shape of the sensor housing about 20% larger than
the size of the deformed rebar, so that the yield point of the reinforcing bar can be
measured [14]. In addition, it is mainly used to measure the stress acting on pile
foundations because maintenance measurement is possible by automatic measurement
and semi-permanent measurement, and the stress applied to reinforcement of
reinforcement concrete structure or supporting retaining wall can be easily and precisely
measured. This has the advantage that the stress change can be confirmed regardless of
the construction progress of the superstructure.

Since ground sediment sensor does not expose sensor, it is possible to calculate
accurate data because there are few hand trouble factors such as fig 6. In addition, it is
possible to maintain and measure by automated and semi-permanent measurement, and it
is excellent in reproducibility and responsiveness because there is no influence on
resistance change. Therefore, it is easy to select the measurement location according to
the site conditions.

Fig. 6 Reinforcement stress gauge and Ground subsidence
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The wireless remote measurement device receives the sensor signal, converts it into
measurement data, saves it as shown in Figure 4, then uses a wireless modem to send data
to the remote server computer and receives control commands sent from the computer.
An apparatus for performing a control function according to the present invention, which
can be controlled by a program. Sensors and wireless telemetry devices inevitably contain
actual structural behavior and critical errors due to the simplification of assumptions,
idealizations, material properties, and analytical models during the structural design
phase. Therefore, analysis and evaluation techniques based on measurement data are
required. Based on this analysis and evaluation technology, you can build an alarm and
maintenance system for each structural level [17]. The simplest way to compare the
results of a measurement and determine its safety status is to make a judgment according
to relevant standards.

If you do not have a relevant standard, you will need to consult the relevant technical
data and relevant experts to set the criteria. In the operational management system, a
monitoring program is developed to store the values measured by the sensors and allow
the user to check in real time the measured data according to established criteria. The user
can set the management value for each level required step by step, the program notifies
the user step by step when it detects data exceeding the management value set by the user,
and sends the text message to the mobile phone when the user is absent send. In order to
inform the user of the status of the current structure, the most important safety assessment
algorithms are developed and incorporated into the operational management system.

This study overcomes the limitations of existing automatic measurement technology,
construction, cost and maintenance for structural safety management and significantly
improves the reliability of measurement results, site construction and economy. This
technology is a wireless remote safety management operating system that manages the
safety status of temporary blocks in real time by connecting multiple sensors in serial and
single lines to short and long distance wireless telemetry devices that integrate data logger
functionality and communication.

4.3. DEVELOPMENT OF NEAR-FIELD AND LONG-RANGE WIRELESS
REMOTE MEASUREING DEVICE WITH INTEGRATED DATE LOGGER
FUNCTION AND COMMUNICATION FUNCTION

Conventional data processing methods use data loggers (wires using 18 or 36 channels
as data processing devices) connected to sensors, management servers using portable data
storage devices and wired and wireless communication devices. The data logger,
communication device, and management server are configured as one device to send data
to the system to verify the data.

As a result, the initial cost was high and uneconomical due to the need for a large
amount of data processing units, power cables and management servers. First, the
development technology simplifies system configuration by integrating data logger
functionality and communication capabilities, as shown in Figure 8 and Figure 9. Second,
the company plans to develop short-range wireless remote devices free of communication
charges and free remote wireless remote devices [9]. Therefore, the configuration is
ensured by the simplification of the system configuration, the system can be
economically by rational placement of near and remote wireless remote devices.

43.1. LOCAL AND REMOTE WIRELESS TELEMETRY DEVICES: This
development technology consists of 1) receiving a short-range wireless telemetry device
with no communication cost at a relatively short distance (within 80 m) of the
measurement location in the field and 2) receiving data transmitted from the local area
network. Long range wireless integrated device as shown in Figure 10. It is sent to a web
server, so you can build an economical system without the need for cable layout.
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4.3.2. WHEN CONFIGURING AN NFC REMOTE MEASUREMENT DEVICE:
If the distance between the measurement locations is relatively short, only one remote
radio remote unit is installed, and the other consists of a near field radio telemetry unit
such as fig 7. This reduces communication costs.

@ Network coordinator d

(O Network node [t ?

it 4
@ IEEE node d@ é‘ g‘d :_’
— Communications flow 'd & d d‘ G‘i.‘

- = Virtual links — =3 ]:

Fig.7 Network Diagram Using Sensor

4.3.3. WHEN CONFIGURING A REMOTE WIRELESS NETWORK: If the
distance between the measurement locations is too long to establish a local area network,
as shown in Figure 8-10, install a remote wireless remote device at each measurement
location. No additional cable layout is required, which improves workability.

Fig. 10 Real-time remote measurement
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44. CHARACTERISTICS OF THE REAL-TIME REMOTE SAFETY
MANAGEMENT SYSTEM OF THE STRUCTURE

Integrate data logger function and communication function to produce as one product,
and can manufacture short distance wireless remote measuring device (communication
fee free) and remote wireless remote measuring device separately.

Terminal block

SE

Fig. 11 Wireless remote measuring device

In the case of the existing automatic measurement, the data logger and the
telecommunication device are separated into two parts. As shown in fig 11, the remote
measurement technology data logger and communication functions of this study are
combined to produce a single product. The short distance wireless remote measurement
device and the remote wireless remote measurement device can be manufactured
separately to reduce the communication cost with reasonable arrangement.

5. TEST APPLICATION AND RESULT ANALYSIS OF
DEVELOPMENT TECHNOLOGY

5.1. FIELD TEST INSTRUMENTATION

In order to examine the quality performance of the technology of this study, a
measurement device was installed at the construction site of a real structure and radio
remote real-time measurement management was performed. For the comparative
experiments, eight ground slope meters for manual measurement devices were installed,
and two of them had inclinometer sensors for wireless remote measurement. For five
months, manual and radio remote measurements were performed simultaneously in the X
direction (the trench direction) and the Y direction (the perpendicular direction of the
trench).
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Real-time remote safety management
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Fig. 12 Wireless remote real time measurement management program

Fig 12 shows the situation of monitoring the displacement of the structure using the
measurement control system. The user can check the data transmitted automatically to the
web server through the measurement management system according to the setting cycle.
In addition, it is possible to determine the safety of the structure in real time using the
automatic notification function for the sudden displacement.

5.2. MEASUREMENT DATA ANALYSIS

Table Il shows the final maximum cumulative displacement of manual measurement
and wireless remote measurement. The results of the two measurement methods showed
errors of about 0.20mm ~ 3.00mm. Figure 13 shows the trends of manual measurement
results and radio remote measurement results during the construction of the wall.

Table 111. Comparison of manual measurement and radio telemetry displacement

Final measured value (maximum cumulative

displacement) Management
direction standard judgment
Manual Wireless remote (0.005H)
measurement (mm) measurement (mm)
NO-1, X direction 73.44 70.47 60.00 caution
NO-1, Y direction 2.20 2.00 60.00 stability
NO-2, X direction 18.00 16.58 60.00 | stability
NO-2, Y direction 2.80 2.30 60.00 Stability
Copyright © 2020 NADIA 11




International Journal of Advanced Science and Technology
Vol.135 (2020)

Displacemeat Field test (manual measurement)
(mim)

100.00

BO.00 / \ . B .
|

50.00 | \ I

“.00 . Seun?

2000 +

0.00

11-8-20:00 11-83000 1184000 185000 1186000 11-8-70:00 1188000 11-890:00 11-3-100:00

Date and howr

Displacement Field test (remote automatic measurement)
(mm)
100.0
80.0 ’l‘ ‘l\
/ \
60.0 I p—t
|\ , )
0.0 SEDUL UGV S—_.. S ,’

)
200
00
11-8-10:00 11-8-20:0 11-83000 11.8-40:00 11.8.50:00  11-8-60:00 11.8.7000 11-880:00 11-8-90:00
Date and hour

Fig. 13 Comparison of Passive and Wireless Remote Measurement Results

As a result of the field application of this technology, the measurement data could be
easily obtained according to the measurement cycle set by the user in consideration of the
site conditions and the required level of management. In addition, the wireless remote
measurement was able to confirm the behavior of the earthquake block facility in real
time by showing a continuous flow of data, and more systematic safety management was
possible. Measurement management using this technology was carried out at about 10
sites, and data were collected reliably in all projects to perform smooth measurement
management such as fig 13.

4. CONCLUSIONS

Through this research, it is possible to establish a plan for improving the safety
management of facilities. If it is possible to build a system for the system's permanent
safety monitoring system, it will be possible to prevent large accidents, thus preventing
the casualties caused by the deformation of the structure at home and abroad. The
development technology can establish a regular safety monitoring system via wireless
telemetry devices via the Internet after the construction of the structure is completed.

In addition, since the applicability of the existing measuring device improves the
limitations on the convenience and ease of use, the application of construction structures
can be extended together. The radio remote measurement technology of this study is
efficient in terms of completeness, quality and constructability.

In addition, it is a technology that can always be safe management by real-time
measurement of the displacement of various facilities and the surrounding ground, it is
possible to efficiently manage the safety of the main structure. In the future, it will be
developed into an integrated safety management system for safety monitoring and
condition analysis of construction structures with various sensors.
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