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Earthquakes are one of the most frequent and inevitable natural disasters that occur on Earth. 0e most important seismic
isolation device used in the isolation technology is the isolation bearing, but the limited structure of the isolation bearing is not
suitable for the seismic isolation and shock absorption of smart transportation buildings. 0erefore, it is very important to
improve the new generation of seismic isolation structures with good seismic isolation effect, stable performance, and economical
performance. It is very important to study the structural composition of the isolation bearing and the rigidity of the isolation
structure. Isolation bearings are designed to resist and absorb the energy of seismic shocks by installing substructures in the
structure. Active control involves installing sensors on the structure and its foundation to determine how the structure responds to
seismic action. In this paper, based on the intelligent transportation of the sensor network, the reticulated shell structure of the
isolation bearing is analyzed. By introducing the architecture and network layout of the sensor network, it is beneficial to obtain
more accurate seismic data in complex and difficult terrain. 0is paper analyzes the technical principle of seismic isolation
technology, which can effectively avoid the upward transmission of ground vibration by increasing the flexibility and proper
damping of the system. From the experimental data of the seismic response of the ground-isolated structure to the near-field
pulsation and far-field vibration, the total energy of the ground-isolated structure under the near-field pulsed groundmotion is the
largest. 0e seismic isolation effect of the reticulated shell structure of the seismic isolation bearing prevents more than 80% of the
seismic energy from being transmitted to the superstructure.

1. Introduction

Over the past three decades, China’s economy has boomed
and the construction of large-scale technical buildings has
achieved remarkable results. 0e emergence of large-scale
transportation facilities with various large volumes and
complex spatial forces makes the seismic behavior of these
large-scale buildings in the event of earthquakes very im-
portant. In order to improve the seismic behavior of space
structures, researchers began to introduce the theory of
seismic isolation of space structures and initially developed
seismic load reduction and isolation technologies for such
structures. 0e traditional seismic design resists the seismic
action of the structure’s own bearing capacity, stiffness, and
flexibility, that is, relying on the structure itself to consume

seismic energy, which is uneconomical and cannot achieve
the desired effect. At present, people have turned their at-
tention to seismic isolation research, and domestic and
foreign structural shock absorption and seismic isolation
technologies have developed rapidly.

Large-scale spatial structures have developed rapidly in
recent decades. Large space structure is not only a structural
system for large space structures, such as large stadiums and
hangars but also widely used in large public buildings, such
as transportation hubs and conference centers. With the
development of the national economy and the improvement
of infrastructure, the demand for large profile structures is
increasing every day. However, most structures are flexible
systems with low damping ratios, which cause relatively high
vibrations under dynamic loads, affecting the normal use of
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the structure, which in turn affects safety. 0e study found
that the use of seismic isolation technology or adding
damping devices to the structure can effectively reduce the
degree of damage to building facilities caused by earth-
quakes. China is geographically located in an earthquake-
prone area. Large buildings often have a large number of
people, and the personal and property losses caused by
earthquakes may be huge. 0erefore, the seismic behavior of
large spatial structures is a topic that structural designers and
researchers need to consider.

0is paper is based on isolation technology to reduce the
loss caused by the earthquake. 0e earthquake-isolated
traffic building can effectively reduce the damage to the
superstructure in the earthquake disaster, thereby greatly
reducing the maintenance and repair costs after the earth-
quake. In the reticulated shell structure management model
of the intelligent transportation isolation bearing, the in-
telligent transportation model based on the sensor network
is adopted and combined with the road traffic conditions,
such as the traffic flow speed, road characteristics, and other
guidance models, network data is collected to realize the
intelligent transportation operation.

2. Related Work

Wu Q conducted a high deformation horizontal displace-
ment test on LRB600 and LRB1100 (LRB600, LRB1100:
vibration isolation rubber bearing), and the deformation
index was 400%. 0e results show that the bending stiffness
after installation increases when the displacement strain
reaches 240%, the hardening stiffness increases with the
displacement strain, and when the displacement strain
reaches 400%, the hardening stiffness increases by a factor of
1.5. He compared the seismic response, elastoplastic re-
sponse spectrum, and plastic energy dissipation state of LRB
of the traditional bilinear model and the proposed multi-
linear model, respectively. 0e results show that for large
earthquakes, the hardening of the bearing weakens the
seismic isolation capability of the LRB, the acceleration of
the superstructure increases by 30%–50%, and the plastic
energy dissipation of the structure increases, and the su-
perstructure enters a state of plastic deformation. 0erefore,
without considering the hardening of the supports, the
seismic response of the structure will be underestimated [1].
Hong et al. present a framework for seismic analysis of high-
speed interconnected bridge systems with pendulum friction
bearing isolation. Using computer simulation techniques, he
performed dynamic simulations of seismic isolation systems
for five railway bridges under seismic conditions. He con-
sidered a 35-degree-of-freedom (DOF) train consisting of
eight 4-axle passenger cars and modeled the FPB with force
elements including nonlinear spring and damper properties
and hysteresis functions. 0e results show that replacing
CSB with FPB with a friction coefficient of not less than 0.05
can greatly reduce the dynamic response of the train [2].
Recently, the number of base-isolated buildings for general
commercial buildings is increasing due to the high seismic
performance of the seismic isolation system. On the other
hand, for nuclear power plants (NPPs), although there has

been a lot of research to apply isolation systems, no plants for
base isolation have been built in Japan. Recent seismic
regulations require an assessment of seismic safety, in-
cluding the eventual conduct of national nuclear power
plants. 0erefore, the final behavior of national nuclear
power plants employing seismic isolation systems must also
take into account the residual risk of earthquakes: for ex-
ample, hardening in horizontal deformation or rupture of
seismic isolators. 0e seismic response prediction method
based on energy balance and its design method will be
regarded as the seismic safety evaluation of large horizontal
deformation area. Hiraki et al. especially proposed a me-
chanical energy balance evaluation scheme for studying the
extreme behavior of large deflection regions, which can
estimate the mechanical energy conversion based on the
experimental records of the relationship restoring force and
shear deflection on the base isolation layer. However, it has
not been widely used [3]. 0e seismic capacity and con-
tinuous operation of bridges after earthquakes are important
seismic design criteria. Mohebbi et al. explore a new concept
for seismic protection of monolithic piers that uses sliding
bearings to separate the superstructure from the piers. 0e
effect of sliding bearings on the seismic response of a rep-
resentative 3-span monolithic highway bridge is investi-
gated. By sliding the bearing, the shear force of the pier is
limited to the design friction of the bearing. Furthermore,
since the displacement requirement of the bridge is governed
by the equal displacement rule, it was found that the ductility
requirement of the bridge pier is not sensitive to the friction
force of the sliding bearing [4]. In order to solve the problem
of three-dimensional isolation of high-rise buildings, Yan
et al. introduced the prototype structure, model structure,
and vibration test system. He conducted vibration tests and
showed that although the three-dimensional vibration iso-
lation bearings placed at the bottom of the substructure
differed in the shape and damping mechanism of the vi-
bration isolation, the natural vibration period of the
structure was prolonged both horizontally and vertically.
0e simulation results are consistent with the experimental
results. 0e isolated base structure has an obvious damping
effect on the seismic response of the main structure of
different groups [5]. Qingning et al. applied friction-slip
isolation theory to study the seismic isolation performance
of curved bridges. He studied the relationship between
stress, strain, and displacement of rubber friction-slip iso-
lation under two typical working conditions, established the
constitutive slip-friction relationship, and obtained and
analyzed the friction-slip calculation method and energy
dissipation mechanism. Combined with shaking table test,
the effects of different types of seismic waves and different
acceleration loads on the failure state and seismic isolation
effect of bridge piers with different stiffness are analyzed.0e
research shows that the cracks in the drawings are mainly
flexible cracks, and the stiffness of the drawings has a greater
influence on the crack position; the bearing is mainly
damaged by shearing. In a strong earthquake, the acceler-
ation response of the bearing is basically independent of the
type of seismic wave but related to the friction coefficient
between the bearing and the bearing. Moreover, the effect of
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friction-slip isolation bearings increases with the loading
level [6]. Wireless sensor networks (WSNs) are an important
technology for the Internet of 0ings (IoT) and smart ap-
plications. In intelligent transportation systems (ITS), WSNs
play an important role in safe and efficient traffic man-
agement. 0erefore, there is a huge demand for energy-
efficient WSNs with dynamic resource allocation in vehicles
and infrastructure. Mukherjee A proposed a model of
multiple-input multiple-output (MIMO) technology in
WSNs to solve the problem of cluster head (CH) identifi-
cation for MIMO sensor networks by using a back-
propagation neural network (BPNN). Due to the influence
of dynamic and real-time environments, traditional CH
identification has the problem of insufficient location
identification. 0erefore, in order to obtain more precise
localization accuracy, the proposed work uses BPNN
combined with distributed gradient descent technique to
calculate the location of unknown CH.0is reduces distance
estimation errors and further uses particle swarm optimi-
zation techniques to obtain optimal weights and thresholds
for the network. 0e advantage of particle swarm optimi-
zation is that it is simple and easy to implement, and there
are not many parameters to adjust. 0is work is validated
through mathematical analysis, simulations, and compari-
sons with the state-of-the-art [7]. 0e above studies provide
a detailed analysis of the seismic isolation capability and the
application of sensor networks. It is undeniable that these
studies have greatly promoted the development of the
corresponding fields. We can learn a lot from methodology
and data analysis. However, in the field of intelligent
transportation, there are relatively few studies on the re-
ticulated shell structure of the isolation bearing, and it is
necessary to fully apply these theories to the research in this
field.

3. Combination Analysis of the Smart
Transportation of Sensor Network and the
Reticulated Shell Structure of the
Isolation Bearing

Earthquakes are sudden and heavy-weight disasters that
cause heavy economic losses and casualties. Located between
the Asia-Europe earthquake zone and the Pacific Rim re-
gion, China is a country with frequent seismic activities and
many seismic waves. Seismic waves are vibrations propa-
gating from the source of the earthquake in all directions and
refer to the elastic waves that are generated from the source
and radiate to the surroundings. Seismic waves appear in
strong objects after being perceived by the source and have
various properties [8]. Seismic waves can be divided into two
categories according to their performance range, namely
surface waves and body waves, and body waves are further
divided into longitudinal waves (P waves) and transverse
waves (S waves).

In seismology, the wave impedance is the product of the
density of themedium and the velocity of the wave.0ewave
impedance is related to the radiation source. 0e radiation
source is low impedance, and the electromagnetic wave

generated is also low impedance, and vice versa. 0e wave
impedance is also related to the distance from the obser-
vation point to the radiation source. When the distance is
greater than 1/6 of the wavelength, the wave impedance is
377 ohms regardless of the radiation source impedance. And
the distance between the radiation source and the radiation
source is less than 1/6 wavelength is called the near field area,
and the far field area is more than 1/6 wavelength. 0e wave
impedance affects the motion of the wave and the state of
wave propagation at the boundary between the two media.
Table 1 shows wavelength propagation rates and wave im-
pedance reference values for different regions [9].

0e complexity of the subsurface structure and the
existence of many unstable boundaries in the near-surface
environment and the fact that the media parameters may be
different in different regions mean that the propagation
velocity of seismic waves in the subsurface is not consistent
[10].

3.1. !e Main Structure of Unconstrained Concrete.
Concrete materials used in structural models can be divided
into constrained concrete and unconstrained concrete. 0e
stress-strain curve under uniaxial loading of unconstrained
concrete can be determined by the following formula:

σ � 1 − ec( Fcε,

ec �

1 −
ρcm

m + x
m

− 1
, x≤ 1,

1 −
ρt

φc(x − 1)
2

+ x
, x> 1,

⎧⎪⎪⎪⎪⎪⎨
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x �
ε
εc,r

,

ρc �
ec,r

Fcεc,r

,

m �
Fcεc,r

Fcεc,r − ec,r

.

(1)

Among them, φc is the value of the descending part of the
concrete compressive strength curve; ec,r is the represen-
tative value of the concrete compressive strength. εc,r is the
maximum value of concrete compressive strength corre-
sponding to the compressive strength ec,r value; ec is the
failure evolution parameter of concrete compressive
strength.

3.2. Constrained Concrete Main Structure. Confined con-
crete can solve the shortcomings of crack width develop-
ment, easy crushing, and poor ductility of concrete
members. Confined concrete can also be divided into
reinforced concrete and stirrup concrete. Concreting uses
external constraints to improve its original compressive
properties and compressive strength and ductility. High-
strength stirrups are used in the beams, columns, nodes, and
hoops in the walls of concrete structures to constrain the

Journal of Advanced Transportation 3



concrete to form a constrained concrete structure system.
And the uniaxial stress-strain curve of stirrup concrete is
calculated according to the following formula:
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ecc
′ xs

s + x
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,
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εcc

,
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ecc
′

ecc
′

− 1  + 1 ,
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���
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,

ecc
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���������
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7.94el
′
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′



−
2el
′

eco
′

− 1.254⎛⎝ ⎞⎠.

(2)

Among them, ecc
′ is the strength of the constrained

concrete, eco
′ , εco is the compressive strength and the max-

imum strength of the unconstrained concrete, generally
taking εco � 0.002; Fc, Fsec is the tangent modulus and secant
modulus of the concrete.

0e traditional seismic structure mainly uses the plastic
deformation and energy dissipation of the main structure
after yielding against lateral force to dissipate the force of the
earthquake. In the structural design of building facilities, on
the one hand, by reducing the bottom stiffness of the
building structure, the effect of earthquakes on the building
is reduced. On the other hand, it is to increase the interface
of components, enhance the rigidity of the bottom of the
structure, and improve the resistance of the building itself.
0e principle of seismic isolation technology is to increase
the self-correction time of the system itself, thus exceeding
the characteristic period of the object and the bearing time of
the superstructure. By maintaining the flexibility of the
system and good damping, the vibration to the ground is
effectively avoided so that the upper system is in a flexible
position and the safety of the system is ensured [11]. As the
damping of the system increases, the vibration isolation
efficiency gradually decreases, but with the increase of the
frequency ratio, the vibration isolation efficiency increases.
When the system damping increases, the equipment quality
also has a certain influence on the vibration isolation effi-
ciency. By prolonging the oscillation time of the system,
according to the response scenario, the acceleration of the
vibration is reduced, the distortion of the protected system
under the action of the earthquake becomes no longer

significant, and the response to the seismic force is reduced
[12].0is is considered a key direction for future research, as
it contributes more to the safety within system facilities than
the usual simple design of system rigidity and function.

As the load-bearing member of the structural system, the
main function of the bearing is to transmit the upper bearing
force of the supporting structure and ensure the harmonious
deformation of the upper and lower parts of the structure
[13]. In the event of a sudden earthquake, the bearing is the
direct part of the lower part where the seismic force is
transmitted. Initially, the widely used steel bearings in the
project failed to provide significant seismic isolation during
large earthquakes, and the seismic forces were almost en-
tirely transferred to the superstructure, resulting in complete
structural failure [14].

0e continuous evolution of structural design concepts
and the continuous development of various building ma-
terials are conducive to the rapid development and appli-
cation of large-frame buildings. Among them, the reticulated
shell structure, as an important element of large-scale space
structure, has gradually won the resonance of designers with
its beautiful architectural form and has been used more and
more widely [15].0e reticulated shell structure is a new type
of space structure derived from thinness and characteristics.
It is a net-like body based on rods, and the rods are formed
according to certain rules. Its form is the structure of the
organizer, forming the overall structure of the space frame. It
has both the force transmission characteristics of the rod
system and the structural characteristics of the shell. 0e
force is mainly transmitted point-to-point through the two
directions of tension, compression, or displacement in the
shell, and the force transmission process is very clear [16].

At present, the commonly used shell structures at home
and abroad are divided into single-layer shell structure,
prestressed shell structure, ribbon cable support shell
structure, single-layer fork-roll shell structure, etc. 0ere are
many forms of reticulated shell structures, such as spherical
reticulated shells, hyperbolic plane reticulated shells, and
hyperbolic, parabolic reticulated shells, which can be
combined in various forms in the design [17]. 0is opens up
a wide range of possibilities for designing buildings with
large gaps to create different plan shapes and new unique
architectural forms. It has been widely used in engineering
practice due to its reasonable structural tension, high
stiffness, low weight, beautiful and diverse shapes, and good
technical and economic performance [18].

For the seismic isolation principle of reticulated shell
structures, the structural oscillation control of spatial grids
can be divided into three categories.

(1) 0e energy dissipation support system is located in
the lower part of the structure.

Table 1: Propagation speed and wave impedance of waves in different media.

Media name Rock layer Soil Clay Limestone
Speed (m/s) 300∼13000 200∼800 1800∼2400 3200∼5500
Density (kg/cm3) 1.4∼2 1.1∼2 1.5∼2.2 2.3∼3
Wave impedance (g/s ∗ cm2 ×104) 4.2∼26 2.2∼16 27∼52.8 73.6∼165
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(2) Dissipating energy and reduce vibration by installing
isolation bearings, including sliding bearings and
viscoelastic bearings.

(3) Installing dampers on the upper part of the reticu-
lated shell structure for vibration isolation.

By reasonably arranging the seismic isolation bearings,
the sliding bearings can form an effective seismic isolation
layer. During the seismic activity, the sliding of the bearings
and the expansion and contraction of the large coil springs
will consume a certain amount of energy. At the same time,
the self-sustained seismic period of the structure far from the
optimal period of the site is prolonged, and the seismic
response is weakened to a certain extent [19].

In order to make up for the high cost of lines, main-
tenance problems, expensive and difficult lines in the tra-
ditional wired seismic data acquisition system in the field, in
the whole system design, wireless communication tech-
nology is chosen to replace the communication work using a
large number of communication cables in the traditional
seismic data acquisition system [20]. 0e use of wireless
transmission solutions facilitates the distributed deployment
of seismic measurement units and enables efficient seismic
operations in complex terrain. Wireless data transmission
includes data communication between the receiving com-
puter and each receiving unit and network communication
between adjacent wireless communication units [21]. Table 2
is a comparison of the main technical indicators of wireless
communication technology.

As a self-organized and distributed network centered
on data transmission and exchange, sensor network
provides data from a large number of sensor nodes. Real-
time monitoring, joint exchange of data and information,
and transmission of monitoring data are enabled even
under very difficult conditions [22]. 0erefore, wireless
sensor network has been widely used in many fields, and
its use in earthquake monitoring can provide a more real
and reliable information basis for earthquake prevention
and rescue. A wireless sensor network consists of some
randomly distributed sensor nodes, which together
constitute a wireless sensor network architecture [23].
Sensor nodes are self-organizing and capable of moni-
toring objects in real-time, collecting information, and
sending data wirelessly. Wireless sensor networks detect,
collect, process, and transmit sensor data, which is their
most basic function.

Wireless sensor network is a comprehensive intelligent
system that integrates sensor technology, MEMS, embedded
technology, network communication technology, and in-
formation computing technology [24]. 0e sensor network
is configured and managed by the user through the control
node. 0e data collected by the sensor node is transmitted to
other sensor nodes in the form of jump connection through
the network, and the control node provides monitoring and
retrieval of monitoring data. 0e architecture of the sensor
network is shown in Figure 1.

0e sensor node consists of a sensor module, a processor
module, a wireless communication module, and a power
supply module, as shown in Figure 2. 0e sensor module is

responsible for information collection and data transmission
in the monitoring area [25]. 0e processor is usually an
embedded processor. 0e wireless communication module
is responsible for wireless communication with other parts
of the system, exchanging control information, and sending
and receiving data. 0e power supply unit provides the
power needed to operate the sensor components and typ-
ically uses a small battery.

MEMS sensor is one of the earliest products widely used
in commerce, and it is also one of the fastest growing
technologies inMEMS technology. MEMS stands for Micro-
Electro-Mechanical Systems, which are integrated devices or
systems composed of electronic and mechanical compo-
nents manufactured through large-scale processing pro-
cesses, compatible with integrated circuits, and ranging in
size from small to millimeters. In particular, it combines
computers, sensors, and actuators to change the way nature
is perceived and managed. Compared with traditional
sensors, it has the characteristics of small size, light weight,
low cost, low power, high reliability, suitable for mass
production, easy integration, and intelligence. Its micro- or
nanoscale size enables it to achieve some functions that
traditional mechanical sensors cannot.

MEMS accelerometers are usually attached to an ex-
ternal object so that the motion of the object is represented
by the motion of the accelerometer. When the acceler-
ometer is accelerated together with an external object, the
mass moves in the opposite direction under the influence of
the inertial force acting on the spring. As shown in
Figure 3(a), the spring and damper can quantify the motion
of an object. 0e laws of physics show that there is a one-to-
one correspondence between acceleration and displace-
ment: as the acceleration changes, the displacement of the
mass also changes, and the change in acceleration can be
represented by the change in displacement. At the same
time, it can be seen from Figure 3(b) that with the change of
mass displacement, the capacitance between the stationary
glass and the moving glass also changes accordingly. 0at
is, Cx1

and Cx2
change due to the change of the distance

between the plates, and the mathematical expression is as
follows:

Cx1
�

εε0S
d − x

,

Cx2
�

εε0S
d + x

.

(3)

Among them, Cx1
and Cx2

, respectively, represent the
two capacitances between the fixed glass and the movable
glass, where ε0 � 8.854 × 10− 12F/m is the dielectric constant
of the vacuum; ε is the relative permittivity of the medium
between the plates, which is 1 in air; S is the covering area
(m2) of the plates; x is the displacement of the mass block,
and d is the distance between the fixed glass and the movable
glass.

0e change in capacitance will be displayed by voltage,
specifying Vp for the input voltage signal and Vs for the
output voltage. 0e relationship between the output voltage
and the input voltage is as follows:
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Vs �
Cx1

− Cx2

Cx1
+ Cx2

Vp. (4)

By measuring the change in voltage, the displacement
change of the mass can be obtained. Voltage and dis-
placement have a linear relationship, which is expressed as
follows:

Vs �
x

d
Vp. (5)

According to Newton’s second law, the motion direction
of the mass block is opposite to that of the object, and the
relationship between the mass block displacement and ac-
celeration is expressed as follows:

F � kx

� −ma,
(6)

where k is the stiffness coefficient of the spring;m is the mass
of the mass. 0erefore, the relationship between the external
acceleration and the output voltage is expressed as follows:

a �
kx

m

�
kdVs

mVp

.

(7)

It can be concluded from the above formula that there is
a one-to-one correspondence between the acceleration and
the output voltage, and the acceleration can be quantified by
the change of the output voltage.

In view of the randomness and uncertainty of wireless
seismic sensors in practical use, the P-wave components
captured by seismic waves are biased. In this paper, a self-
correction method of accelerometer position based on

longitudinal wave measurement is proposed, which can
automatically detect the rotation correction of installation
direction and coordinates, and the corrected accelerometer
can be used to eliminate the influence of sensor positioning.

0e accelerator position correction method is divided
into two parts: first, the data collected by the accelerator are
compared and analyzed, a vertical axis is selected, and then
the coordinate rotation on the selected axis is corrected, and
the sensor data is self-corrected.

Sensor self-calibration method:

3.3. Identifying the Installation Direction and Selecting the
Vertical Coordinate Axis. 0e simulation diagram of the
sensor coordinate system is shown in Figure 4(a). During the
installation process of the MEMS sensor, there is usually an
included angle between the Z-axis and the gravitational
acceleration. 0is is because a mass block is added to the
acceleration sensor, so it will always be affected by gravity. As
long as the measurement axis is not perpendicular to gravity,
the inclination angle between the sensor and gravity can be
measured. Let the included angle be θ. At this time, the
gravitational acceleration will produce a projected compo-
nent on the xyz coordinate axis. 0ere is the following
relation:

cos θ �
gr

g
. (8)

0e axis with the smallest angle θ, that is, the axis with
the largest gravitational acceleration projection, is chosen as
the reference direction. Where gx, gy and gz are the
component modulus of the gravitational acceleration on the
xyz axis, and g is the gravitational acceleration value at rest. r
is the axial direction corresponding to themaximum value of
gx, gy and gz, ie the chosen reference direction. gr is the
modulus of the gravitational acceleration component on the
reference axis.

3.4.CoordinateRotationCorrection. 0e coordinate rotation
model is shown in Figure 4(b), where g is the gravitational
acceleration at rest and gr is the mode of the gravitational
acceleration component on the reference axis. G is the ac-
celeration value when the accelerometer moves after cali-
bration, Gr is the acceleration value when the reference axis
is selected, where

g �

�������������

gx
2

+ gy
2

+ gz
2



. (9)

0e accelerometer values at rest and in motion on the
reference axis should be measured under conditions gr and
Gr, respectively. Since the angle between the reference axis
and the gravitational acceleration is constant at rest and in

Table 2: Comparison of main technical indicators of wireless communication technology.

Technical standards Operating band Transmission rate Standby time Transmission distance (m) Main uses
WiFi 2.4GHz 11Mbps 1∼6 hours 10∼100 Wireless LAN
Bluetooth 2.4GHz 1Mbps 1∼3 weeks 0∼10 Personal network
ZigBee 868/915MHz, 2.4GHz 20∼250 kbps 6∼24 months 10∼75 Sensor networks

Remote
Monitoring

Local
Monitoring

Sensor
Nodes

Testing area Satellite
Satellite
Antenna

Remote
Monitoring

Local
Monitoring

Sensor
Nodes

Testing area Satellite
Satellite
Antenna

Figure 1: Architecture of a sensor network.
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motion, it can be concluded that the acceleration values at
rest and in motion are also proportional. It follows that:

cos θ �
gr

g

�
Gr

G
.

(10)

Corrected G value for accelerometer motion:

G �
g

gr

Gr. (11)

(g/gr) is the correction coefficient in the above formula,
which is used to adjust the collected data. 0e adjusted value
deducts the value of the gravitational acceleration to obtain
the actual value of the acceleration a, as shown in the fol-
lowing formula:

a �
g

gr

Gr − g. (12)

0e above formulas allow for self-correction of the ac-
celerometer position, which in turn translates the correction
into more precise data, thereby eliminating the effect of the
accelerometer position on seismic data acquisition. 0e
accelerator position self-correction algorithm eliminates the
influence of accelerator placement position, which is ben-
eficial to the placement of wireless seismic sensors in the
field, which can be used to obtain more accurate seismic data
in complex terrain.

0e sensor network first uses the physical layer of the
data collection and transmission module to detect road
traffic conditions, such as traffic flow speed, traffic flow size,
lane occupancy, road characteristics, and other traffic in-
dicators, as shown in Figure 5.

Mobile devices

Sensors AD/DC Processor Memory MAC Transceiver

Energy supply

Positioning
System

Sensor unit

Network

Wireless communication
unit

Processing unit

Figure 2: Node structure of the sensor.

Substrates

Mass block

Spring Damper

Mechanical structure
diagram of accelerometer

(a)

Accelerometer
electrical principle

Vp–

Vp+

Cx2

Cx1

Vs

(b)

Figure 3: Schematic diagram of the working principle of accelerometer. (a) Mechanical structure diagram of accelerometer. (b) Ac-
celerometer electrical principle.
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Seismic sensor networks include detectors, di�eren-
tial low-pass �lters for attenuating radio signals, ampli�er
circuits, low-pass �lters, A/D conversion circuits, mi-
croprocessors, and data storage units. �e detector is used
to detect the vibration signal and convert it into a voltage
regulation; since the RF signal appears as a DC distortion
output in the area where the RF signal is strong, di�erent
low frequency parameters are used to reduce the inter-
ference of the RF signal. �e signal output is not very
strong, so it is very important to design the same ampli�er
circuit, which is mainly used to increase the reception of
the small signal of the sensor, and the frequency of the
vibration signal caused by the human body or the vehicle
is lower than 150 Hz. To prevent noise signals from en-
tering the A/D module (analog-to-digital conversion),
the �lter circuit behind the built-in ampli�er circuit is
low-pass, and the power control module provides a stable
power supply with low ripple factor. Figure 6 is a sche-
matic diagram of the sensor network application
function.

As can be seen from Figure 6, the sensor output signal
goes through the delay mode and then enters the A/D for
data conversion, and another signal enters the comparator,
and the output of the comparator is used as an external
signal. Another approach to system optimization is to set
thresholds in the node detection software and use the results
to compare the A/D-evaluated values to the thresholds.
When the excitation system is executed, the received data is
stored in memory as valid data. �e memory is used to store
the data after A/D conversion. After the assembly process is
completed, the CC2530-based wireless transceiver reads the
data and sends it to the sink node. A/D data retrieval,
memory read and write, and signal detection are all
implemented by FPGA.

4. Seismic Experimental Design of Reticulated
Shell Structure for Isolation Bearings

�e analytical model is a double-layer spherical reticulated
shell structure with a span arrangement of 60 meters, a rise-
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Figure 4: Simulation diagram of sensor coordinate system and schematic diagram of rotation model.
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span ratio of 0.2, and a thickness of the reticulated shell of 2
meters, supported by the bottom chord. 0is structural
model is shown in Figure 7(a). Five kinds of steel pipes
(seamless Q235 steel pipes) of 114× 6, 133× 8, 140× 7.5,
152× 8, and 159× 8 are used as reinforcement for the re-
ticulated shell, and the roof load is assumed to be 1 kN/m2.
In the numerical simulation, the space element member

model is used for all the stressed members of the reticulated
shell. In order to ensure the overall rigidity of the reticulated
shell structure, a steel box with a size of 0.8× 0.6× 0.05m is
installed on the bottom support of the lattice window. For
the multidimensional isolation condition, the isolation
bearing is installed at the bottom of the box part of the
reticulated shell frame structure, as shown in Figure 7(b).
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Figure 6: Schematic diagram of the hardware working principle of sensor network nodes.
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Figure 7: Double-layer spherical mesh shell structure model and arrangement scheme.
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0e load-bearing structure of the lower part of the reticu-
lated shell is assumed to be a rigid structure, and its rein-
forcement for earthquake effects is not considered. Q345
steel is considered to be an ideal elastic-plastic material with
a modulus of elasticity of 2.06×105N/mm2 and a mass
density of 7850 kg/m3 according to the Von Mises yield
criterion. 0e isolation bearing model was created in
ABAQUS using C3D8R solid elements for the slider and
base elements, while the reticulated shell uses quadratic
interpolated Timoshenko beam elements B32 Sandwich
beam elements. Simulations are performed with a coupling
device. 0e material properties of the structural elements
and reticulated shell structures are determined and coupled
with the MSFB using contact and constraint functions to
form the overall structural model.

0e parameters of the seismic isolation bearings used are
shown in Table 3.

5. Seismic Experimental Analysis of the
Reticulated Shell Structure of the
Isolation Bearing

Since near-field earthquakes and far-field earthquakes have
different ground vibration characteristics, their effects on the

seismic response of the structure are also very different. It
was found that the seismic response of ground-isolated
structures to near-field pulsations and far-field vibrations
was analyzed in this paper. From Figure 8, it can be seen that
the total energy of the ground isolation structure in the far
field is greater than the total energy of the near-field
unpulsed ground vibration but less than the total energy of
the near-field ground vibration pulse. 0erefore, the total
energy of the basic isolation structure under the near-field
pulse ground motion is the largest. 0at is to say, the seismic
response of the basic isolation structure under the near-field
pulse ground motion is the largest.

0e seismic isolation bearing of the reticulated shell
structure made of seismic isolation is placed between the
foundation and the foot of the building and is separated by a
seismic isolation layer so that more than 80% of the seismic
energy cannot be transmitted to the superstructure, which
effectively reduce the impact and damage of earthquakes on
the overall structure or structural components. However, the
failure of the isolation support impairs the ability to absorb
seismic energy, which is reflected in the variation in the
degree of ground energy dissipation at each height of the
upper floors. As shown in Figure 9, for different seismic
waves, the energy consumed by the seismic fortification is

Table 3: Seismic isolation bearing parameters.

Projects Vibration isolation bearing
parameters Projects Vibration isolation bearing

parameters

Effective diameter (mm) 300 Equivalent horizontal stiffness
(KN/m) 882

Height (mm) 105 Stiffness before yielding (KN/m) 3120
Equivalent damping ratio
(%) 27.5 Stiffness after yielding (KN/m) 475
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Figure 8: Earthquake energy input.
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Figure 9: Energy consumption distribution of the reticulated shell structure of the isolation bearing.

Table 4: Mechanical performance parameters of isolation bearings.

Peak acceleration 0.01 g 0.02 g
Vertical pressure (kN) 25 35 45 25 35 45
Equivalent stiffness (kN/mm) 1.186 1.674 2.140 0.981 1.24 1.401
Energy consumption per unit cycle (J) 200 341 410 420 658 942
Equivalent damping ratio 0.331 0.374 0.401 0.215 0.284 0.325
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Figure 10: Cyclic loading test of isolation bearings.
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different, but the hysteretic energy dissipation of the upper
ground structure follows the principle of “upper low and
lower higher”. 0at is, the hysteretic energy dissipation of
the superstructure decreases as the height increases, so the
location of the first layer is a priority in the structural design.
0erefore, the location of the ground floor is the focus of the
structural design.

For a simple harmonic excitation performance test, the
effect of changing the vertical stress on the hysteresis be-
havior of the bearing was investigated by changing the
magnitude of the vertically applied force when a waveform
with a sinusoidal function was introduced. Table 4 shows the
values of three mechano-mechanical parameters, namely
equivalent stiffness, energy loss per unit cycle, and equiv-
alent damping ratio. Figure 10 depicts the cyclic loading test
of the isolation bearing.

When the maximum acceleration increased from 0.01 g
to 0.02 g, the equivalent stiffness and equivalent damping
ratio of the isolation bearing decreased, while the energy
dissipated per unit cycle increased significantly. At a given
maximum acceleration, the equivalent stiffness and equiv-
alent damping ratios dissipated per unit cycle increase with
increasing vertical force.

6. Conclusion

Most earthquakes are not felt by humans because they are
low in magnitude or occur in remote areas, but some
earthquakes occur near us, and if the earthquake is strong,
it can cause serious personal safety threats and economic
losses. China is one of the countries in the world that has
experienced many earthquakes and is greatly affected by
earthquakes. Earthquakes are inherently random, and their
mechanisms are complex and variable. Even though a lot of
time and effort has been invested in earthquake prediction
at home and abroad, there is still no significant effect. In
order to reduce the number of victims caused by earth-
quakes, it is necessary to improve the seismic performance
of building facilities and the ability to resist collapse caused
by strong earthquakes so as to greatly reduce the losses
caused by the collapse. 0e reticulated shell structure has
both the force transmission characteristics of the rod
system and the structural properties of the shell. 0e force
is mainly transmitted point by point through the tension,
pressure, or shear force in two directions in the shell, and
the force transmission process is very clear. At this stage,
the spatial reticulated shell structural system is a structural
system with broad development prospects. In the opti-
mization of seismic performance, this paper only studies
the energy dissipation capacity of the reticulated shell
structure of the seismic isolation bearing. 0e material
selection of the isolation bearing and the shape of the
bearing of the isolation bearing have not been studied,
which is the deficiency of this paper.
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