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Abstract. Among various large-scale engineering structures, highway bridge
structures are characterized by a large number, long service period, and huge
investment. Therefore, any construction quality, safety accidents, natural disas-
ters or structural aging, insufficient bearing capacity, etc. may cause the bridge as
a whole or Natural cumulative damage and accidental damage occurred in expan-
sion joints of highway bridges, which affected the safety of bridge operation.
Therefore, a research on a fault monitoring device for highway bridge expansion
joints based on the Internet of Things technology is proposed. Design the fault
signal acquisition equipment of the Internet of Things technology, first analyze
the basic characteristics of the road bridge expansion joint fault, design a signal
collector based on the Internet of Things technology, and design a signal extractor
based on the Internet of Things technology. Design a data acquisition card for the
failure monitoring of highway bridge expansion joints. Finally, through example
analysis, it is proved that the detection accuracy of the highway bridge expansion
joint failure monitoring device combined with the Internet of Things technology
is very high, and the fault monitoring accuracy is good, which meets the basic
requirements of highway bridge expansion joint failure monitoring.

Keywords: Internet of Things technology - Highway bridges - Expansion
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1 Introduction

The Internet of Things refers to a variety of terminal equipment and facilities, in the pri-
vate network or Internet environment, through wireless or wired means to achieve inter-
connection and intercommunication, adopt appropriate information security guarantee
mechanisms, and provide personalized real-time remote control, remote maintenance
and other management and Service function [1], to realize the integration of equipment
management and control. The ZigBee technology is listed as one of the ten new tech-
nologies with the fastest development and the broadest market prospects in the world
today, and one of the most critical technologies for Internet of Things applications.* It is
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a short-distance, low-complexity, low-power, Low data rate, low-cost two-way wireless
communication technology [2]. Its Z-Stack protocol stack has a clear hierarchical struc-
ture, mainly composed of physical layer (PHY), medium access control layer (MAC),
network layer NWK) and Application layer (APL) composition. In the ZigBee network,
users can easily define the role of each unit by compiling the above protocol.

In the process of applying the Internet of Things technology to the fault monitoring of
highway bridge expansion joints, the development of the Internet of Things technology
in the monitoring of road bridge expansion joint faults has been greatly restricted due
to the difficulty of mining the operating data of the highway bridge. The reason why the
operation data of road bridge is difficult to mine, the difficulty lies not in the technical
level [3], but in the closed nature of the construction industry. In fact, judging from
the current technical level, it is enough to realize the mining of highway and bridge
data, but it is difficult to obtain the relevant data information, which causes many tasks
to be carried out smoothly. At present, my country has gradually begun to be applied
to highway bridge monitoring platforms, but because highway bridge developers have
not disclosed the core operating data of road bridge, the failure warning function of
expansion joints is still difficult to achieve smoothly. Therefore, the Internet of Things
companies must work closely with highway bridge manufacturers to fully utilize the
advantages of both parties, so that this problem can be effectively solved [4].

The failure of expansion joints of highway bridges brings great difficulties to the
maintenance of highway bridges, and also brings many inconveniences to people’s pro-
duction and life. The monitoring device designed in this paper uses wireless sensing
technology to realize precise positioning and intelligent monitoring of each node. The
staff can easily understand the working status of highway bridges only through mobile
phones, computers and other network terminals, reducing the investment of manpower
and material resources., Which makes the fault monitoring more humane [5].

2 Design Fault Signal Acquisition Equipment for IoT Technology

2.1 Analyze the Basic Characteristics of the Failure of Highway Bridge
Expansion Joints

Expansion joints of highway bridges are one of the important components of bridges.
They are generally installed at the junction of the beam end and the road surface at
the bridge abutment, between the two beam ends of the bridge beam body, and various
expansion devices or joints at the junction of the bridge. The general term of structure,
its main purpose is to meet the needs of bridge structure deformation and enable vehicles
to pass the bridge comfortably and safely. The expansion joints of bridges are one of the
most easily damaged components of the bridge structure [6]. Like the bridge deck system,
they all bear the direct action of vehicle load and are exposed to the natural environment
for a long time, so it is easy to cause The load-bearing system and anchoring system of
the expansion joints are fatigued and damaged, and the repair and maintenance of the
damaged expansion joints are difficult due to various reasons. The fatigue damage of
expansion joints is the fall of the welded joints of embedded steel bars and anchoring
steel bars, the fatigue cracking of concrete in the anchoring area, and the fatigue damage
of the system including various forms of expansion joint devices. As shown in Fig. 1:
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Fig. 1. Schematic diagram of highway bridge expansion joints

As the bridge continues to be used and the damage to the expansion joint device
cannot be maintained and repaired in time, the damage to the expansion joint device
continues to accumulate, which further increases the direct role of the vehicle in driving.
Such a vicious circle not only accelerates The aging and damage of the expansion joint
device will also directly affect the operational safety of the bridge structure.

A large number of studies have shown that long-span bridge structures are huge and
easily affected by factors such as the natural environment and operating environment.
Under the influence of environmental factors, such as wind load, temperature load,
and vehicle load, etc. [7]. For a long-span bridge structure under normal conditions,
the characteristic parameters of the bridge structure will float in a wide range. It is
precisely because of this fluctuation that the bridge structure is affected by real local
damage. The characteristic parameters and signals of the damage caused by the bridge
structure are masked or submerged in such fluctuations. Therefore, based on the long-
term health monitoring data of the bridge, an objective physical model is established
to describe the relationship between the environmental conditions of the bridge and
the structural damage characteristic parameters, and on this basis, the monitoring and
damage of the overall state of the structure is established for “normalized environmental
conditions” Early warning method, this is one of the main research issues of long-span
bridge structural health monitoring technology for practical engineering applications.

2.2 Design a Signal Collector Based on the Internet of Things Technology

Aiming at the poor monitoring effect of abnormal signals of the original wireless robot
communication fault monitoring device, the design of this communication fault moni-
toring device was launched. In this research, ZigBee technology is used to optimize the
design principle of the original wireless robot communication fault monitoring device
[8]. This technology has the characteristics of low power consumption, low cost, high
safety and high capacity. Using this technology can effectively improve the poor signal
monitoring effect of the original equipment. In order to ensure the effectiveness of this
equipment design, the design framework of the communication fault monitoring device
is set as shown in Fig. 2:
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Fig. 2. Wireless device fault detection design framework

It can be seen from the above design framework that this device is mainly composed
of a signal data acquisition part and a signal data analysis part. This device mainly uses
a powerful ARM chip as the core of the design, and gradually realizes independent
storage of signal data and signal data transmission, and realizes the task of detecting
communication failures. The device is small in size, low in power consumption, and
high in integration, which can effectively make up for the deficiencies of the original
device.

In view of the characteristics of the Internet of Things technology, the communication
between the signal data acquisition module of this device and the device is set through
QTcpSocket. Therefore, in this design, an abnormal signal acquisition module suitable
for the Internet of Things is set to realize the processing of abnormal signals. The robot
integrated monitoring sensor is used to display the real-time communication status and
data of the wireless robot in a unified device, and the data acquisition module designed
this time is connected with the robot monitoring device. To ensure the effectiveness
of this module design, set the hardware device parameters of this module as shown in
Table 1:
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Table 1. Signal collector parameter setting

Content Parameter setting | content Parameter setting
Signal driving Digital signal Interface Type RS485

Interface form Dry contact Baud rate 1200-110 000 b/s
Form of protection PPTC + TVS Data bit 6

Protection level 600W Stop bit 1

Overcurrent protection | 30V/50 mA Check Digit even, odd
Collection form 1 kHz Transmission distance | 500 m

In this part, the LPC2131 ARM microprocessor is used to realize the real-time acqui-
sition and processing of robot signals. The device designed this time adopts the form of
signal interruption and query to start collecting 0011 of the signal sent by the robot.
Develop the corresponding pre-processing of the collected signal, use wavelet transform
to filter the signal data, and set it to a unified form to facilitate the subsequent process-
ing and analysis of the signal data. To ensure the effect of signal acquisition, set the
acquisition frequency of the acquisition device as follows:

y=axb (1)

In formula (1), y is the signal acquisition frequency, a is the robot communication
signal transmission frequency, and b is the robot signal acquisition period. The frequency
of signal acquisition is controlled by this formula. The memory interface of the monitor-
ing device is set to a 64-bit width to improve the data storage capacity of the monitoring
equipment, and the collected signals are uniformly transmitted to the memory of the
monitoring device and processed in a unified manner.

2.3 Design a Signal Extractor Based on IoT Technology

The above-mentioned collected signals are preprocessed as data samples of abnormal
communication signals, and the corresponding technology is used to complete the extrac-
tion of fault signals. In this part, by setting the form of the database analysis chip, the
ability of data analysis and sorting is improved. This part adopts high-speed data com-
puting chip as the carrier of equipment operation. Use the C-means clustering calculation
method to complete the processing and analysis process of the fault signal [9], the algo-
rithm is fast, simple, efficient for large datasets and scalable, set the signal of the device
in the Internet of Things technology as the feature vector in the signal extraction pro-
cess as y and set the signal data in the database as the signal analysis sample. A = a;,
y=1,2, ..., n, Set the signal category to be analyzed as z, y; is z cluster center, and u;; is
the membership function of p signal, then the objective function of the communication
signal classification is:

Zz n
Pa=Y_ Y uilai—yil )

i=1 n=1
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Set the elements in the above formula to be constant and greater than 1, then:

> =1 3)
n=1

Setting the above formula as a constraint condition, the membership degree and
clustering center of the collected signal can be expressed as:

1/(z—1)
1/la; — yil?
iz = f : ’)1 1 “)
Y (1/la; —yi2)V/ €70
n=1

Through the above formula, the central membership degree of the signal data sample
can be obtained, and the signal sample can be divided into one or more data types. In this
part of the design, the typical characteristics of communication signal failure types are
set as the cluster center. When a data sample belongs to multiple communication data
characteristics at the same time, this signal data is a failure signal. In order to ensure the
effectiveness of clustering, the robot communication fault category is pre-selected and
set in this chip.

3 Design a Data Acquisition Card for Fault Monitoring of Highway
Bridge Expansion Joints

According to the output voltage, data acquisition channel and data analysis requirements
of the current transmitter of the highway bridge expansion joint fault monitoring device,
the PCI-6034E multi-function data acquisition card ( DAQ). The PCI-6034E multifunc-
tional data acquisition card has a resolution of up to 16 bits, with 16 single-ended or 8
differential analog input ports, and a sampling rate of up to 200 kS/s, which can meet the
resolution requirements of data acquisition and data analysis; The read and write speed
of the hard disk can be up to 200 kS/s, which can ensure the simultaneity of information
collection and information processing; it can meet the requirements of voltage signal
collection and fault detection and positioning accuracy of signal collectors and signal
extractors: compatible with real-time System, Linux, Mac OS and Windows operating
systems, integrated LabVIEW, LabWindows/CVI and Measurement Studio software
development environment for Visual Basic and Visual Studio.NET, provide a platform
for the monitoring device to implement fault detection and location algorithms; highly
integrated It has a minimum volume specification, which can meet the requirements of
industrial computer design integration.

In addition, the PCI-6034E multifunctional data acquisition card has a sample storage
capacity of 512 [10], a single-channel current drive capacity of 24 mA, a maximum signal
source frequency of 20 MHz, and a digital trigger and synchronization bus (RTSI). The
performance provides a good hardware condition for the non-intrusive low-voltage power
failure monitoring device.

GPRS DTU can realize the transparent transmission of serial device data through the
GPRS wireless network, that is, just like a mobile phone, just insert the GPRS-enabled
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SIM card and simply set the parameters, then the data of the external serial device can be
transparently transmitted to the public network fixed domain name or IP At the same time,
it can also receive feedback commands from the server on the host computer, which is
especially suitable for the transmission of multiple points, multiple points, inconvenient
wiring, and real-time data requirements. It is especially suitable for the transmission of
multi-point scattered, inconvenient wiring, and real-time data transmission. However,
the installation location of the device in this project is not convenient for wiring and
connecting to the network, so the use of GPRS DTU communication equipment can
meet the needs of this article [11-13]. The process of the data card transferring data to
the software through the device is shown in Fig. 3:

User eq;npment | DTUL

User equipment _ DTU2 soﬁ\vare
2 system

User eq;lpment | DTU3

Fig. 3. The process of the data card transferring data through the device to the software

Considering the requirements of the acquisition card, the communication module
uses the I[Q1000 GPRS DTU communication equipment developed by Xiamen Lingqi
Communication Co., Ltd. LQ1000 GPRS DTU provides a standard RS232/485 data
interface, and has a built-in industrial-grade GPRS wireless module, which can be easily
connected to RTU, PLC, industrial computer and other equipment, and only needs to
complete the initial configuration at a time, and the user equipment can pass through the
data center The GPRS wireless network establishes a connection and realizes the fully
transparent transmission of data.

4 Case Analysis

In order to verify whether the road bridge expansion joint failure monitoring device based
on Internet of Things technology designed in this article can meet the requirements of
road bridge expansion joint failure monitoring, an example analysis method is designed,
and the device designed in this article is used in actual detection to observe the monitoring
effect. Verify the superiority of the method designed in this paper.

4.1 Project Overview

The span structure of Bridge A selected in the example is arranged as (south bank)
approach bridge (5 x 40 m) + main span suspension bridge (820 m) + (north bank)
approach bridge (6 x 40 m + 30 m). The bridge level is level 4, and the design safety
level of the extra-lane expressway bridge is I level; the design load level is highway-I
level, the design driving speed is 80 km/h; the crowd load: 2.5 kN/m2.
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The bridge is a single-span steel box girder suspension bridge with a main span of
820 m, with a central buckle in the middle of the span; the sag-span ratio of the main
cable in the completed state is 1/10, and the center-to-center spacing of the main cable is
29.1m; bridge deck width It is 29.78 m, and its layout is 29.78 m = sling anchorage area
0.84 m + sidewalk 1.78 m + anti-collision guardrail 0.52 m + carriageway 10.75 m +
central divider 2.0 m + carriageway 10.75 m + collision guardrail 0.52 m + sidewalk
1.78 m + sling anchorage area is 0.84 m.

Under the action of temperature change, the long-span bridge structure is affected
by the structural deformation and internal force caused by the temperature change. The
research and analysis of the bridge temperature distribution through the health moni-
toring system can provide the original basis and data for the bridge design considering
the influence of temperature, and the health monitoring system can provide temperature
compensation and correction reference for the original data of other sensors. A study of
temperature effects. Analyze and compare the operating conditions of bridges under the
action of temperature changes, such as bridge structural disturbance changes, displace-
ment changes, and component stress distribution changes, to verify and improve bridge
design theory accurately and timely under the influence of actual temperature changes.
Carrying out a safety assessment is of positive significance.

The highway bridge expansion joint failure monitoring device uses a structural tem-
perature sensor to monitor and measure the structure temperature, and uses a temperature
and humidity sensor to monitor and measure the temperature and humidity of the atmo-
spheric environment. The structure temperature measurement points and data acquisition
sequence are shown in Table 2:

The expansion joints are mainly set at the junction of the side span and the main span.
Due to the large external environment effects such as vehicle load and temperature load,
the Nanxi Yangtze River Bridge adopts a unit type multi-directional displacement bridge
expansion device (RBQF1600). Expansion joint device is aimed at the problems and defi-
ciencies of traditional modular expansion devices and comb expansion devices on large
bridges such as suspension bridges and cable-stayed bridges. It has multi-directional dis-
placement functions such as lateral displacement, longitudinal displacement and torsion
in large bridges. And the new generation of bridge expansion devices developed under
the influence of vehicle load on the expansion device itself. The service performance of
this new type of expansion joint device still needs to be verified in actual engineering
operations.

The monitoring of vehicle load is through the measurement of traffic flow, vehicle
wheelbase, vehicle speed, vehicle weight, etc. of the operating bridge, and the mea-
surement of these data is mainly carried out through vehicle speed and axle meters.
By monitoring the vehicle load, it can provide data for the establishment of the vehicle
load model of the bridge, and can provide a basis for evaluating the structural state. In
addition, the analysis of the vehicle load spectrum can provide load parameters for the
formulation of the fatigue load spectrum and the analysis of the bridge structure.

4.2 Analysis of Application Results

In this section, the influence of the change of ambient temperature on the temperature
of the beam section of a bridge suspension bridge under normal operating conditions. In
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Table 2. Structure temperature measurement points and data acquisition sequence

Collection location Storage order | Measuring point number | Location
South Bank Approach Bridge 1 B05-DTH-001 Upstream
2 B05-DTH-002 Upstream
3 B05-DTH-003 Upstream
4 B05-DTH-004 Upstream
5 B05-DTH-005 Upstream
Main span suspension bridge 6 B05-DTH-006 Midstream
7 B05-DTH-007 Midstream
8 B05-DTH-008 Midstream
9 B05-DTH-009 Midstream
10 B05-DTH-0010 Midstream
North Shore Approach Bridge |11 B05-DTH-0011 Downstream
12 B05-DTH-0012 Downstream
13 B05-DTH-0013 Downstream
14 B05-DTH-0014 Downstream
15 B05-DTH-0015 Downstream

order to investigate the effect of the environmental temperature change of the bridge on
the temperature of the beam section in the four seasons of the year, one day was selected in
each of the four seasons, namely October 30, 2013 (autumn), January 16, 2b14 (winter),
On April 16, 2014 (spring) and August 2, 2014 (summer), we analyzed the temperature
data records of these four days. It should be noted that the structure temperature data is
calculated with 1-min as the calculation interval, and the average value of all temperature
sensors shown in Fig. 3 is taken as the effective value, then 1440 structure temperature
data can be recorded every day. The structural temperature of the top, bottom, and web of
the bridge is the average value of the sensors at their respective positions. The comparison
chart of ambient temperature monitoring and actual temperature is shown in Fig. 4:
The experimental results shown in Fig. 4 show that the actual temperature detection
result of the device in this paper is roughly consistent with the actual temperature change,
indicating that the device designed in this paper has a high accuracy in detecting the
temperature environment of the expansion joint failure. Temperature is a crucial factor for
the expansion joints of Guiping Road Bridge. The change of temperature is directly linked
to the failure of the expansion joints. Therefore, the accurate detection of temperature is
very important for the failure monitoring of the expansion joints of highway bridges.
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Fig. 4. Experimental results

5 Conclusion

This paper designs a fault monitoring device for highway bridge expansion joints based
on Internet of Things technology. This model contains two main devices. The company’s
models and algorithms have been verified by on-site data, the fault signal acquisition
equipment based on the Internet of Things technology is designed, the signal collector
based on the Internet of Things technology is designed, and the signal extractor based
on the Internet of Things technology is designed. Design for failure monitoring of high-
way bridge expansion joints Data acquisition card. Finally, through example analysis,
it is proved that the detection accuracy of the highway bridge expansion joint failure
monitoring device combined with the Internet of Things technology is very high, which
meets the basic requirements of highway bridge expansion joint failure monitoring.
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