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We have completed the design of an early warning and evaluation analysis module based on machine learning algorithms. Aiming
at the prestressed CFRP-strengthened reinforced concrete bridges under natural exposure, we developed a theoretical model to
analyze the long-term prestress loss of reinforced parts and the adhesion behavior of the CFRP-concrete interface under natural
exposure conditions. The analysis deeply reveals the technical and engineering geomechanics characteristics of the D bridge. At
the same time, through a series of experimental studies on the D bridge condition monitoring system, the data acquisition and
transmission, processing and control of the D bridge condition monitoring system, and the bridge condition monitoring and
evaluation software are provided. Regarding how to repair the engineering geomechanical characteristics of D bridge, we
mentioned the prestressed CFRP reinforcement technology. The prestressed carbon fiber reinforced composite (CFRP) structure
made of reinforced concrete (RC) makes better use of the high-strength characteristics of CFRP and changes. It strengthens the
stress distribution of the components and improves the overall strength of the components. It is more supported by engineers in
the civil engineering and transportation departments. However, most prestressed CFRP-reinforced RC structures are located in
natural exposure environments, and the effect of natural exposure environments on the long-term mechanical properties of
prestressed C FRP-reinforced RC components is still unclear. This article mainly uses the research on the engineering geo-
mechanics characteristics and reinforcement technology of the bridge body, so that people have a deep understanding of its
concept, and provides reasonable use methods and measures for the maintenance and protection of the bridge body in the future.
This paper studies the characteristics of engineering geomechanics based on machine learning algorithms and applies them to the
research of CFRP reinforcement technology, aiming to promote its better development.

1. Introduction

Since the 1990s, machine learning algorithms have gradually
been applied to the study of geomechanical properties of
bridge construction and related research on the properties of
damaged parts of bridges [1]. The engineering geo-
mechanical characteristic data of the bridge damage is sent
to the machine, and the machine uses the learning algorithm
calculation and pattern recognition to complete the work on
the damage site [2]. The identification of the damage pro-
gram can be traced back to the problem of functional ad-
aptation [3]. The machine learning algorithm learns from

historical data to set the geoengineering features of different
damage degree projects and adapts the appropriate feature
plane to the special space where the feature data is sent to the
machine learning algorithm [4]. The learning algorithm
calculates the data on the surface of the corresponding
feature and then performs interpolation to evaluate the
degree of damage, and it plays a leading role in the repair of
the bridge [5]. Due to the repeated action of the alternating
load of the bridge, the maximum stress that the concrete
bridge bears does not reach the allowable stress of the static
strength design [6]. Fatigue cracks are generated at the local
positions of the concrete members and propagate, and
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finally, fatigue fracture will occur. It brings greater safety and
social risks, and its maintenance also brings a huge economic
burden, which brings great troubles to people’s travel
convenience [7]. Studies have shown that the cost of building
a new bridge is relatively high, and the cost of strengthening
a bridge is at least 10% of the cost of a new bridge. Relatively
speaking, it is cheaper and more efficient to use reinforce-
ment or repair instead of new construction [8]. Therefore,
this article will focus on the research of carbon fiber rein-
forced composite material (CFRP) paste reinforcement
technology to explore whether the engineering geo-
mechanical properties of the damaged bridge can be restored
[9]. At present, engineering practice and a number of re-
search results show that prestressed CFRP reinforcement
technology, as an active reinforcement technology, signifi-
cantly improves the utilization efficiency of CFRP, provides a
more convenient and efficient use plan for the application of
CFPR, and makes better use of it [10]. The strength ad-
vantage lays a solid foundation for a wider range of appli-
cations. It can participate in the force (effective force) before
the reinforced component is subjected to the second force,
and the stress distribution of the reinforcing element can be
changed to close the original crack or prevent its expansion
[11]. Therefore, the prestressed CFRP reinforcement tech-
nology is more and more favored by traffic and civil engi-
neers [12]. The use of prestressed CFRP reinforcement
technology has become widespread in practice. Under actual
operating conditions, the long-term mechanical properties
of prestressed CFRP-reinforced concrete (RC) components
have also attracted more and more attention, and they have
been more and more used in various applications [13]. This
kind of machinery played a greater role in the practice
process.

2. Materials and Methods
2.1. Research Objects

2.1.1. Introduction to the Example Test. After the fatigue test
of the reinforced concrete beam by the Structural Laboratory
of Chang’an University, the fatigue test was analyzed by
finite element simulation ABAQUS. Three typical long-span
bridges are selected as representatives: Bridge A, Bridge B,
and Bridge C. These were originally built in certain urban
areas and are still in operation and are calculated by Midas
Civil 2012 software. Then, based on the “Specifications for
Design of Concrete Structures”, the fatigue stress calcula-
tions of the three small and medium-sized bridges were
confirmed, and the stress levels of the vertical steel bars
under the design load of the three bridges were investigated
to be 0.5 and 0.55, respectively [14]. The minimum stress
level under load is 0.25.

2.1.2. Selection of Material Parameters. (1) According to
concrete reference materials, all concrete beams in the fa-
tigue simulation test of this study are made of C40 concrete.
(2) In the rod fatigue simulation test, the strength grade of
the rod is HRB400.

Scientific Programming

2.1.3. Design of Test Beam Conditions. It has 3 test strips,
which can be divided into 2 groups. One group is the static
load test, which measures the maximum load-bearing
bending moment Mu of the concrete beam and determines
the upper and lower limits of fatigue according to the stress
level required by the fatigue test [15]. The other group is the
test beam fatigue test.

2.2. Theoretical Basis

2.21. Early Warning Assessment of Long-Span Bridge
Damage. In recent years, the overall structural condition
monitoring technology based on vibration testing and modal
analysis has been relatively mature in the machinery and
aerospace industries. After the early warning method is used
to determine the damage of the long-span bridge, the test
mode analysis should be used to further diagnose the lo-
cation and extent of the structural damage in order to
monitor the long-span bridge structure [16] and provide
basis and guidance for system identification, structure
evaluation, and decision-making for maintenance and repair
managers [17]. This content can be summarized as an early
warning assessment of remote bridge damage. According to
engineering data, D bridge’s 3D benchmark finite element
model has 11 elements and 10 nodes. Damage analysis al-
lows us to select 10 nodes as damage objects. In the (x, y)
quadrant along the x-direction, there are 1 to 10 nodes in
turn. 10 nodes with different damage levels (5%-100%) can
get 200 groups of damage conditions. The 200 damage
conditions are divided into 20 condition groups, and each
condition group has 26 damage conditions. Concerning the
damage to 10 nodes numbered 1-10, the damage degree of
each working condition group gradually increases. After a
series of calculations, the influence of the location and
damage degree of each node on the natural frequency of the
bridge can be determined. This paper normalizes the natural
frequencies of each damage condition group based on
normal data.
- _fue Ci 1
Fiw =25 i=1,2,...,10; j=1,2,...,20; k=1,2,...,10.
fio
(1)

In the formula, f;;x represents the i-th natural frequency
of the j-th operating condition group and the k-th operating
condition (dimension) normalized by data. The k-th
working state is represented by f;r. There is an i-th natural
vibration value (Hz) of the j-th working condition group
before data normalization. fy represents the i-th natural
vibration value (Hz) without damage.

2.2.2. Neural Network Method. Since the 1990s, neural
networks have gradually been used in bridge research to
identify structural damage. For some applications, only
injury data from injury condition group 1 (5% injury) is used
as the training set and sent to the neural network for
training. We understand the distribution function between
the damage location and the natural frequencies of each
order. If a knot is damaged, even if the actual damage is
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different from the training conditions, the damage will not
have a significant impact on the above [18]. For the men-
tioned mapping feature and damage feature sensitive po-
sitioning factors, the neural network can identify the actual
damage location according to the natural frequency distri-
bution of each order in the multidimensional space. The
specific process is as follows:

e (n) =d(n) -y, (n). (2)

We define the total energy function of the network as
follows:

E, (n) = % Z ei (n). (3)
k

The network feedforward process is as follows:

V; (n) = Z Wi (”))’i (n),

y;(n) = f(v;(m),

(4)
v (n) = Y wy; (n)y; (n),
7

yi(n) = f (v (m)).

The reverse calculation process of the network can be
obtained:

0E (n) ,
0w, (n) [_;Sk(”)w"" (n)]f (@) ()

Then, the weight correction amount of the hidden layer
unit is

Awj; (n) = nd;(n)y; (n),
w;(n+1) =w; 1)+ Aw; (n) (6)

= w;; (n) +nd; (n)y; (n).

2.3. Research Methods

2.3.1. Mechanical Analysis Corresponding to Rigid Body
Displacement at Structural Level. The rigid body displace-
ment of the structural plane usually includes the lateral
displacement, the longitudinal displacement, the vertical
displacement, and the rotation around the vertical, hori-
zontal, and vertical axes of the entire structure. The rigid
body displacement at the structural level is the same spatial
change in the entire structure at the same time, so whether it
is a statically indeterminate structure or a statically inde-
terminate structure, the rigid body displacement at the
structural level will not generate force. The displacement of
the rigid body at the structural level does not produce any
force on the structure, so it is not always subject to force
when the structure moves. In the case of rigid body dis-
placement at the structural level when the bridge space
changes, the force cannot be equal to the space deformation
and the stress state cannot be derived from the bridge space
deformation. If the structure-level rigid body displacement

is not distinguished, but the structure-level rigid body
displacement and the component-level displacement are
mixed and the mechanical state is analyzed, the force state
can be obtained from the analysis of the mixed space. In this
process, the shape change is inaccurate because it is assumed
that the displacement of the rigid body can exert pressure on
the structure at the structural level. Therefore, before the
analysis of mechanical properties, structural rigid body
displacement analysis is required to identify and eliminate
the total rigid body displacement of the structure.

2.3.2. Mechanical Analysis Corresponding to Rigid Body
Displacement at Component Level. The component-level
rigid body displacement analysis is usually based on the
structural-level rigid body displacement analysis. The rigid
body displacement of the component usually includes the
lateral displacement, vertical displacement, and deflection of
the component. For statically indeterminate structures, the
rigid body displacement at the component level will not
produce a force on the component, but for statically inde-
terminate structures, the rigid body displacement of the
component causes the component to receive minor internal
forces. In the statically determinate structure of the rod, if
there is no rigid body displacement at the rod level, the
deformation shape includes the rigid body deformation of
the entire rod, and the rigid body deformation of the entire
rod will not affect the force of the member. Rigid body
displacement analysis is used to identify and eliminate the
total rigid body displacement of the component to obtain an
accurate force state. For components with a statically in-
determinate structure, the displacement of the rigid body at
the component level will cause the component to generate
secondary internal forces. The force state of the component
can be calculated by adding the rigid body displacement
obtained at the structural level to the force displacement,
using the finite element model of the component.

2.3.3. Mechanical Analysis Corresponding to Changes in the
Internal Space of Components. The internal deformation
analysis of the component is usually based on the rigid body
displacement analysis at the structural level and the rigid
body displacement analysis at the component level. De-
formation of the interior of a part usually includes vertical
bending, horizontal bending, and twisting. From the change
of the vertical bending moment of the member along the
horizontal direction of the bridge, the change of the vertical
bending moment of the member can be obtained, so as to
determine the direction of the change of the vertical bending
moment; the transverse bending change of the steel bar in
the longitudinal direction of the bridge receives the change
of the transverse bending moment. We determine the di-
rection of lateral bending moment change. Changing the
torsion of the rod changes the torque received by the rod and
determines the direction of the torque.

2.4. Experimental Protocol. The experimental method to
study the behavior of the FRP-concrete interface is the pull-



out test. There are three common types; single shear test,
double-shear test, and bending test are all causal pull-out
tests. The FRP termination is poorly peeled. The advantage of
a simple shear test is that it is easy to handle, but it is very
difficult to meet the final load level and may cause an ec-
centric load. Although the double-shear test can overcome
the shortcomings of eccentric load, most concrete structures
are in a bent state, and the double-shear test cannot fully
simulate the actual situation of GRP reinforced concrete
members. In this chapter, we choose the bending test as the
experimental method to study the interface behavior of FRP
concrete. In this experiment, a total of 6 samples with ex-
posure times of 0, 180, and 360 days were tested. Table 1
shows the mechanical properties of the main materials in the
experiment.

The specimen consists of two RC elements with a length
of 300mm and a cross-sectional dimension of
100 mm x 150 mm. The two concrete members are con-
nected by two HRB hot-rolled ribbed steel bars with a length
of 650 mm and a diameter of @12, leaving a gap of 10 mm
between the two concrete members. Considering various
effective bonding lengths, the maximum effective length of
the test piece is 109 mm. Therefore, a GRP adhesive with a
length of 150 mm is selected, and a GRP board with a size of
50 mm x 310 mm is attached from the outside on the un-
derside of the sample. On the other side, a 200 mm x 600 mm
FRP board is wrapped for shear reinforcement to ensure that
peeling occurs first.

In this work, a 4-point bending test was carried out.
Therefore, all samples were loaded into a hydraulic press
with a capacity of 500kN, and the path-controlled mono-
tonic loading method was used to load the two-point loading
system. The distance between the two load points and the
two supports is 100 mm or 310 mm, and a monotonic load
occurs at a constant speed of 0.2 mm/min. The force sensor is
connected to the two loading heads and records the applied
load. For each test, a linear variable differential sensor
(LVDT) with a measuring range of 50 mm and an accuracy
of 0.01 mm is placed in the center of the span to measure the
deflection of the test piece. In order to record the strain of
FRP, a total of 8 strain gauges were installed at a distance of
20 mm outside the entire length of FRP, and the static strain
gauge automatically recorded the strain value of the entire
test. Before the formal application, the test piece should be
pretensioned to check the operating condition of the ma-
chine and reduce the gap between the load head and the test
piece.

The results of the bending test of the test samples show
the bonding behavior of the interface between the FRP and
the concrete while considering the influence of the FRP type
and exposure time, including the peeling load, the fracture
mode, and the FRP load under various loads. As shown in
Table 2, the final stresses of the specimens after exposure to
the subtropical natural environment for 0 days, 180 days,
and 360 days.

The way the sample breaks is to peel the FRP from the
interface and place concrete in various thicknesses. When
poor peeling occurs, there is a slight cracking sound in the
middle of the span. As the load increases, the surface of the
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TaBLE 1: Main material parameters.

Material Material parameters
Tensile strength/MPa 4133
Elastic modulus/GPa 230
CERP board Elongation/% 1.88
Thickness/mm 0.168
Tensile strength/MPa 2101
Elastic modulus/GPa 90
BERP board Elongation/% 2.5
Thickness/mm 0.110
Tensile strength/MPa 49
Adhesive Elastic modulus/GPa 2.379
Elongation/% 1.9
Concrete Compressive strength/MPa 30.6

TaBLE 2: Experimental results of test pieces.

Specimen number FRP type Exposure time/d Peeling load/kN

CFRP-0 0 36.65
N-CFRP-180 CFRP 180 31.65
N-CFRP-360 360 32.97
BFRP-0 0 22.31
N-BFRP-180 BFRP 180 16.33
N-BFRP-360 360 16.63

concrete will begin to crack, producing a cracking sound,
and eventually, the FRP will peel oft the concrete. Compared
with the control sample, the fracture mode of the CFRP
sample is the shear fracture and delamination of the con-
crete, while the BFRP sample is the FRP directly peeled from
the concrete. Generally, the damage of the specimen exposed
to the natural environment is the peeling damage at the
interface between FRP and concrete. In a naturally exposed
environment, rainwater directly penetrates into the adhesive
layer, and the adhesive layer is more sensitive to moisture,
thereby reducing the shear strength of the adhesive layer
interface. It can be seen that whether it is the CFRP-concrete
interface or BFRP-concrete interface, their adhesion prop-
erties deteriorate with the increase of exposure time.

3. Results

3.1. Analysis of Dead Weight and Dead Load Effect of
Engineering Geomechanics

3.1.1. The Dead Weight Effect. In the case of a straight beam
bridge, the influence of its own weight is generally only
vertical displacement, but in the case of a curved beam
bridge, the center of gravity of its own weight moves to the
outside of the curve, and there is an eccentric distance from
the axis. This study uses the finite element model simulation
method to calculate the displacement of the D bridge under
its own weight and dead load, as shown in Figure 1. This
study defines the following: the vertical displacement up-
ward is positive, downward is negative, the lateral
displacement of the curved bridge is positive, and the inward
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FiGure I: Displacement diagram of the bridge under dead load (vertical displacement diagram of node a and lateral displacement diagrams
of b): (a) node vertical displacement graph and (b) node lateral displacement graph.

is negative, the outer member of the curved bridge rotatesas ~ vertical displacement amplitude is as follows. Therefore,
positive, and the inward bending is negative. every span of the bridge bends inward. As shown in Table 3,

From the impact vertical displacement diagram of bridge ~ under its own weight and dead load, the pelvic support is
D under its own weight and dead load, it can be seen that the ~ located on the #1 column of the D bridge and is horizontal,
downward vertical displacement amplitude of the inner  so the corresponding main beam is clamped vertically on the
node is greater than that of the outer node, and the upward ~ #1 column to move vertically, and the lateral displacement is



TaBLE 3: Displacement of 1#-4# pier top under dead load (unit: m).

Pier number Vertical displacement Lateral displacement

1 2.30E-18 -1.62E-07
2 8.81E-04 -2.37E-02
3 1.02E-03 —3.61E-02
4 8.08E-04 —2.22E-02

almost no exist. The bridge pier beam between 2#-4# is
integrated with the main girder of the D bridge, and the
main girder joints on the top of the column are all vertically
and laterally displaced upward and laterally toward the inner
side of the arch bridge.

3.1.2. Vertical Settlement of Pier Bottom. In the static
structure, the vertical settlement of the column will not
produce any secondary stress, and the static structure bridge
only undergoes spatial deformation without any internal
force. In statically unsafe structures affected by the uneven
vertical settlement of the columns, the bridge will not only
produce spatial deformation but also generate secondary
internal forces. Figure 2 shows the spatial deformation of
bridge D when the piers are vertically settled.

It can be seen from Figure 2 that the vertical displace-
ments of the inner and outer nodes of the main beam are
consistent, and the vertical sinking of the column will not
cause the main beam to twist. Under the action of vertical
sinking, the corresponding main girder of D-shaped bridge
1# column top is supported vertically and horizontally, and
the vertical and horizontal displacement is small.

3.2. Analysis of Temperature Effect of
Engineering Geomechanics

3.2.1. Overall Temperature Change. The ambient tempera-
ture of the bridge changes slowly and steadily over a long
period of time. When the ambient temperature changes, the
entire bridge structure will have the same temperature
change. In the finite element model, the total temperature
rises and falls, and the structure is usually used for simu-
lation. This study is based on an ambient temperature of
18°C and considers the changes in the spatial shape of the
D-shaped bridge when the main girder is raised or lowered
by 12°C, as shown in Figure 3.

Figure 4 shows the displacement of the bridge under the
influence of the overall cooling of the main girder.

It can be seen from Figures 3 and 4 that under the
influence of the total heating and cooling of the main girder,
the spatial change direction of the D bridge is opposite and
the values are the same. As shown in Table 4, the main girder
corresponding to the D 1# bridge top is subject to vertical
and horizontal restrictions under the influence of the total
temperature rise and decline of the main girder, and there is
almost no lateral displacement in the vertical and horizontal
restrictions. Under the influence of the total heating of the
main girder, the 2#-4# beam reinforcement column has
vertical downward displacement and lateral displacement on
the corresponding main girder. Under the influence of the
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overall cooling of the main girder, the column corresponds
to the main beam and moves vertically upward and laterally
inward.

3.3. CFRP-Reinforced Structure Analysis

3.3.1. Strain Changes. Figure 5 shows the effect of natural
exposure time on the bonding behavior of the FRP-concrete
interface, showing the elongation of CFRP and BFRP along
the bond length under different loads. The horizontal axis
represents the distance from the strain gauge to the span
center, and the vertical axis represents the strain value.

When the loading begins, only the first and second strain
gauges show strain readings near the center of the span. In
addition, the value of the first strain gauge closest to the
center of the span is much higher than the value of the
second strain gauge. As the stress increases, the FRP stress
begins to appear at the far end, and the stress near the center
increases sharply. When FRP peels off in the middle of the
span, the interfacial tension is redistributed, and the elon-
gation at the other end reaches its maximum value. At this
time, the FRP has completely peeled oft the concrete surface.
When the applied load is close to the ultimate load, the strain
value far from the center of the field is very small, indicating
that the ultimate load of the specimen does not increase with
the increase of the bonding length of FRP.

3.3.2. Bond Stress-Slip Relationship. According to the data in
Figure 5, the bilinear coupling stress-slip curve of the sample
can be adjusted for different exposure times. As shown in
Figure 6, as the exposure time increases, these points can be
adjusted to the rising and falling levels of the model to obtain
the bond stress-slip relationship between the CFRP-concrete
interface and the BFRP-concrete interface.

3.4. The Influence of CFRP-Reinforced Structure Stress
Distribution. Figure 7 shows the comparison between the
theoretical calculation results and the experimental results of
the test piece N-CFRP-180. The results show that the in-
terface shear stress distribution of the two results is similar at
all stages. As the load increases, the interfacial tension
undergoes a rising and falling phase, and the rate of change
has a constant difference. Compared with the experimental
results, the theoretical calculation results are more evenly
distributed far away from the loading position, which is
mainly due to the continuity of the theoretical model
assumptions.

By substituting the bond stress-slip ratio of the specimen
under different exposure times (0, 180, and 360 days) into
the calculation process, the bond shear stress distribution
along the bond longitudinal direction under different loads
is obtained, as shown in Figure 8.

It can be seen from Figure 8 that, at the beginning of
loading, the bond stress at the FRP-concrete interface near the
center of the field is higher, and the shear stress in other areas
is close to zero. This indicates that the interfacial shear tension
is mainly concentrated in the center of the span and is not
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FIGURE 2: 2# Bridge displacement diagram under the action of pier settlement 0.01 m (vertical displacement diagram of node a lateral
displacement diagram of node b): (a) node vertical displacement graph and (b) node lateral displacement graph.

transmitted to the distal end. As the load slowly increases, the ~ entire FRP node indicates that the more the maximum nodal
position of maximum coupling stress moves backward, and  load position moves backward, the longer the natural load
shear stress begins to appear at the distal end. Under different ~ time. This indicates that the behavior of the FRP-concrete
natural load times, the nodal tension in the direction of the  interface is weakened by the effects of natural exposure.
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FIGURE 3: Bridge displacement diagram under the effect of the overall heating of the main girder (vertical displacement diagram of node a
lateral displacement diagram of node b): (a) node vertical displacement graph and (b) node lateral displacement graph.

4. Discussion

4.1. Engineering Geomechanics Characteristics Analysis
Technology. The ability of a bridge to deform under load is
an important parameter for evaluating the structural

stiffness of the bridge during operation. Bridge deformation
can be divided into two aspects: local deformation and
overall deformation. Local deformation refers to the stress
and strain of bridge components that are usually detected by
strain sensors. The overall deformation reflects the overall
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FIGURE 4: Bridge displacement diagram under the effect of overall cooling of the main girder (vertical displacement diagram of node a lateral
displacement diagram of node b): (a) node vertical displacement graph and (b) node lateral displacement graph.

operating conditions of the bridge structure. The content of In recent years, bridge deflection measurement methods
bridge deformation detection mainly includes main girder = based on digital imaging technology have developed rapidly.
deflection, main girder vertical displacement, main girder Compared with other deflection measurement methods, this
lateral displacement, and main girder tip displacement. technology does not require the installation of sensors. By
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TaBLE 4: Displacement of the top of pier 1#-4# under the effect of the overall temperature rise and fall of the main beam (unit: m).

Working condition increased by 12°C

Pier number Vertical displacement

The overall temperature of the main beam is

Lateral displacement

The overall temperature of the main beam is
reduced by 12°C

Vertical displacement Lateral displacement

1 6.23E-20 —4.44E-07 -6.25E-18 4.42E-09
2 —-1.33E-05 1.05E-02 1.35E-03 -1.03E-04
3 -1.16E-05 1.99E-02 1.18E-03 -1.97E-04
4 —-1.31E-05 8.45E-03 1.33E-03 —8.43E-05
5000 - perform the next step of the analysis. The 3D laser scanning
technology can directly obtain the 3D coordinate data of the
4500 4 physical structure, which simplifies the data analysis process
4000 and reduces the error.
3500 A
g 3000 4.2. CFRP Reinforcement Model Analysis Principle
§ 23001 4.2.1. Selection of Concrete Failure Criteria. The actual
% 20001 performance and strength of concrete materials is a very
1500 complex issue. In the current concrete finite element
1000 | analysis, a certain order of magnitude of concrete volume
is generally regarded as a unit, as a continuous and
500 4 uniform isotropic material. At this stage, scientists at
0 home and abroad have proposed two 3D concrete failure

0 20 40 60 80 100 120 140
Bonding length (mm)

—a— 5.61 kN —o— 10.36 kN
—— 15.08 kN —e— 20.04 kN
—8— 2549 kN 30.20 kN

FiGure 5: CFRP-reinforced control specimen.

Bonding stress (MPa)

0 0.1 0.2 0.3
Slippage (mm)

FiGURE 6: CFRP-reinforced control specimen.

comparing the digital images before and after the defor-
mation of the structure, the structure displacement infor-
mation is obtained to achieve long-distance noncontact
measurement. It can be performed at high speed. It is the
current bridge load test and the relative deflection of other
buildings. There is a new method of change experiment.
Digital imaging technology usually needs to first obtain 3D
coordinate data based on image information and then

standards. (1) The viewpoints used by the classical
strength theory and the calculation formula standards of
the classical strength theory are the Drucker-Prager
strength standard and the Von Mises strength standard.
(2) The more common multiparameter strength stan-
dards, are Bresler-Pister error standards, William-
Warnke error standards, etc. This article uses ANSYS 2018
software for finite element analysis, so the Drucker-Prager
strength standard is used.

4.2.2. Treatment of Concrete Cracks. The current finite el-
ement analysis can be divided into three commonly used
concrete crack models: (1) individual crack models, (2)
special unit models, and (3) scattered crack models. The
advantage of the distributed crack model is that it does not
increase the number of elements and the number of nodes,
which is convenient for the realization of the finite element
program. Therefore, the ANSYS finite element analysis
adopts the diffusion crack model in this paper.

4.2.3. Bonding Treatment between Steel Bar and Concrete in
Concrete Finite Element Analysis. In the existing finite el-
ement analysis, the two most commonly used methods for
simulating the sliding of the steel bar and the concrete joint
are as follows. (1) Method one is to add a fastener between
the concrete and the steel bar to reflect the combined slip
relationship. (2) Method two is to use material equation
fitting to indirectly consider the effects of adhesion and slip.
This method is simple and easy to use, without affecting the
grid spacing, the calculation time convergence effect is good,
and the result is high in accuracy, so this work uses this
reinforced concrete pouring method.
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FIGURE 7: Comparison of theoretical results and experimental results of the N-CFRP-180 test piece: (a) p = 5.4kN corresponding bond

stress and (b) p = 10.08 kN corresponding bond stress.
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FiGuRre 8: Theoretical results of the bond shear stress distribution at
the interface of the specimen during the loading process.

4.3. CFRP Reinforcement Model Analysis Purpose. It is very
expensive to replace all hidden bridges, and the roads need to
be closed when the bridges are replaced. Studies have shown
that the cost of building a new bridge is relatively high, and
the cost of strengthening a bridge is at least 10% of that of a
new bridge. Relatively speaking, it is cheaper to use rein-
forcement and repair than to build a new one, and on the
other hand, it is more efficient. Therefore, under the premise
of minimizing bridge damage, aging, and improving bridge
life, in a broad sense, strengthening and repairing bridges
has important economic and social benefits.

Although CFRP paste reinforcement technology is com-
mon, the disadvantage of this passive reinforcement technology
is that it does not have the high-strength performance of CFRP
materials, and the reinforcement components only work after

secondary stress. It is used in most scientific research and
engineering technology and is recognized by the person in
charge. In order to make up for the shortcomings of this
technology, prestressed CFRP reinforcement technology was
temporarily introduced, imitating the technical idea of pre-
stressed steel bars/strands. It can participate in the force (ef-
tective force) before the second force is applied to the reinforced
component and change the stress distribution of the reinforcing
element to close the original crack or prevent its expansion.
Therefore, the prestressed CFRP reinforcement technology is
more and more favored by traffic and civil engineering engi-
neers. The use of prestressed CFRP reinforcement technology
has become widespread in practice. Under actual operating
conditions, the long-term mechanical properties of prestressed
CFRP-reinforced concrete (RC) components have also
attracted more and more attention. RC bridge reinforcement
structure is used for natural exposure environment. During
operation, due to concrete shrinkage and creep, performance
degradation, and CFRP-concrete interface mechanical per-
formance degradation, the prestress is lost, resulting in the
long-term mechanical performance of prestressed CFRP-
reinforced RC structure deterioration. Under this engineering
background, this article takes prestressed CFRP-strengthened
RC beams as the research object to investigate the long-term
mechanical properties under natural exposure environments
and provides a scientific basis for the application of prestressed
CFRP technology in engineering practice. The wide application
of concrete structure in engineering has caused its safety and
stability to attract much attention. At present, various countries
in the world have carried out different degrees of research
topics on material reinforcement methods. The research in this
area in our country is still in its infancy, and the research has
been less successful. The application in actual engineering has
not been widely developed, and there are still many problems to
be solved. Theoretical research needs to be further strengthened
and effectively applied to actual projects. Starting from the
reliability theory, feasible regulations and standards are for-
mulated to guide practice.
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5. Conclusion

Aiming at a typical long bridge, this paper evaluates the early
warning of the damage of the long bridge through a machine
learning algorithm designed for material parameter selection
and test beam conditions. The research analysis used mainly
includes three types of analysis: mechanical analysis cor-
responding to rigid body displacement at the structural level,
mechanical analysis corresponding to rigid body displace-
ment at the component level, and mechanical analysis
corresponding to internal changes. Whether it is the CFRP-
concrete interface or the BFRP-concrete interface, their
adhesion properties deteriorate with the prolonged exposure
time. By analyzing the engineering geomechanical charac-
teristics under the influence of the overall heating and
cooling of the main girder, the spatial direction of the D
bridge is opposite and the value is the same. In the static
structure, the vertical settlement of the column will not
produce any secondary stress, and the static structure bridge
only undergoes spatial deformation without any internal
force. In statically unsafe structures affected by the uneven
vertical settlement of the columns, the bridge will not only
produce spatial deformation but also generate secondary
internal forces. From the vertical displacement of the D
bridge node under its own weight and dead load, it can be
seen that the amplitude of the downward vertical dis-
placement of the inner node is greater than the amplitude
and the vertical amplitude of the outer node. The upward
displacement is less than the displacement of the outer
nodes, so all spans of the bridge are equal to inward bending.
The wide application of concrete structure in engineering
has caused its safety and stability to attract much attention.
At present, various countries in the world have carried out
different degrees of research topics on material reinforce-
ment methods. The research in this area in our country is still
in its infancy, and the research has been less successful. The
application in actual engineering has not been widely de-
veloped, and there are still many problems to be solved.
Theoretical research needs to be further strengthened and
effectively applied to actual projects. Starting from the re-
liability theory, feasible regulations and standards are for-
mulated to guide practice.
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