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Due to the frequent occurrence of defects of slope protection facilities on
existing lines causing the potential major geological hazards (e.g., landslides), itis
necessary to promote the inspection and detection efficiency of various defects
of slope protection facilities for carrying out early warning and evaluation, as
well as, putting forward relevant control measures for slope disasters. Based
on the case studies of hundreds of protective facilities on the existing railway
line, the typical defect types, characteristics and specific causes of retaining
wall, slope protection, anti-slide pile and anchorage engineering structure are
firstly determined. Subsequently, a new comprehensive method combining
unmanned air vehicle (UAV) and intelligent detection of portable radar (IDPR)
are proposed. Among of them, UAV can effective and efficient identify the
defect situations of slope protection facilities, and the water accumulation
and cracks of retaining wall through performing a periodic inspection of the
surrounding environment of protective facilities. In addition, IDPR can detect the
filling situations behind the protective facilities to prevent the collapse danger.
Through comparison with the drilling core results of tested areas, it is found that
the detection results of the IDPR are more reliable and accurate, which is worthy
of popularization and application in the field.

KEYWORDS

slope protective facilities, geological hazards, UAYV, intelligent detection of portable
radar, inspection and detection methods

1 Introduction

Railways are the main mode of transportation in the world, while the railway
slope hazards can be caused by the deformation, movement and destruction
of surrounding geological body wunder the action of various factors. Many
slope disasters of railways may be occurred in the construction and operation
period, especially for old railways due to the lack of experiences and weak
technologies (Dongetal., 2013). Moreover, the slope disasters can cause serious
safety accidents and have huge impacts in economic and social aspects. Therefore,
it is necessary to carry out efficient inspection and detection to the protection
facilities of the existing railway lines for reducing the geological hazards.
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The construction and maintenance of slope protection facilities
have been paid more attention in the recent years. Collins (2008)
studied the cracks and small steep slopes of fill slopes, mapped the
potential debris flow paths and carried out risk assessment. Control
measures were proposed to prevent and reduce losses. Beben et al.
(2013) applied ground penetrating radar (GPR) technology in
the diagnosis of bedrock and retaining walls, and obtained data
required for geotechnical and civil engineering. Shinoda et al. (2013)
developed a detection method for quantitative evaluation of existing
railway retaining walls based on model tests, which provided
an effective means for evaluating the health status of retaining
wall. Turner et al. (2015) established the digital surface models of
landslides and used the COSI-Corr image correlation algorithm
to track and quantify the movement of landslides. The algorithm
allowed the UAV to map and monitor the dynamics of landslides
on a relatively long time series. Atzenietal. (2015) discussed the
main characteristics of modern SAR (Synthetic Aperture Radar)
slope monitoring technology, which can be used for early warning
and monitoring of natural and engineering slopes, improving
the understanding of slope failure mechanism. Dixon et al. (2015)
conducted a field monitoring test on a railway slope in the UK
based on the acoustic emission monitoring system, which was
consistent with the continuous deformation measurement results.
The system can provide continuous displacement rate information
and send out early warning through short message. Huang et al.
(2022) established a safety risk assessment model based on BP neural
network algorithm to evaluate the safety risk in the construction
of high cutting slope, and put forward the control measures of
safety risk, which can provide experience and reference for the
safety management of high cutting slope construction. Kromer et al.
(2015) used lidar to monitor a rock slope around a railway in
Canada. It can better identify the precursors of slope failure
and obtain the area with the highest probability of slope failure,
which provided a basis for the hazard management of rock slopes
around the railway. Dabbiru et al. (2016) detected slopes around the
Mississippi River based on Synthetic Aperture Radar technology,
which can identify problem areas along the embankment and avoid
catastrophic damage. Nolesini etal. (2016) used remote sensing
technology and ground radar to monitor the displacement of
a mountain landslide in Italy, providing technical support for
managers. Lin etal. (2017) analyzed the seismic performance of
gravity retaining wall of steep rock slope reinforced by anchored
frame beam, and considered that the nonlinear behavior of anchored
frame beam was more obvious than that of gravity retaining wall. Xu
(2017) proposed a damage alarm index based on the finite element
model of the retaining wall, which can be used as an alarm for the
damage stability of the wall. Rossi et al. (2018) developed a new type
of UAV equipped with an optical camera to draw and describe the
characteristics of landslides. It can detect slope areas that were prone
to failure and evaluate the area and volume of landslides involved.
Xu et al. (2018) revealed the anchoring mechanism of the adaptive
anchor cable (AAC) system and the dynamic characteristics of the
AAC system-anchor slope model based on the Xiangjiapo anchored
rock slope test, which provided a basis for the design and seismic
measures of slopes in seismically active areas. Galli and Bassani
(2018) proposed a design method of slope stability system based on
field displacement data, which provided a reliable and safe solution
for slope defects. Carla et al. (2018) deeply understood the behavior
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and kinematics of the landslide by monitoring the displacement of
the retaining wall. Chen etal. (2019) proposed a composite unit
anti-slide pile model, and analyzed the influence of different design
parameters on the slope reinforcement effect and potential failure
modes of anti-slide piles, which has certain guiding significance for
the design of anti-slide piles. Ye et al. (2019) established the ground
motion analysis model of slope reinforced by prestressed anchor
frame, revealed the dynamic response characteristics of reinforced
slope under horizontal seismic action, and provided the basis for
seismic analysis and design of anchorage structure. Wang et al.
(2020) established a digital elevation model of the slope based on
the UAV technology, and used the DEM model to calculate the
displacement of the monitoring area, which has high monitoring
efficiency. Lin et al. (2020) established a numerical model of three-
stage soil slope supported by anchor frame structure, revealed
the dynamic response characteristics of three-stage soil slope and
anchor frame structure, and provided basic information for the
seismic design of three-stage soil slope and anchor frame structure.
Ishak et al. (2020) developed a DSM based on UAV technology,
which can provide researchers with important parameters and
information about the topography of the study area. Based on
the large-scale shaking table test, Zhang et al. (2020) analyzed the
interaction between the slope and the anchor cable and lattice beam,
which provided a reference for the seismic design of the slope and
the optimization of the supporting structure. Macciotta and Hendry
(2021) identified large-scale active landslides in Canada based
on remote sensing technology, and redefined the landslide range
and its deformation mechanism. Vemulapalli and Mesapam (2021)
established a DEM of the slope based on UAV technology, which was
used to analyze the stability of the slope of the open-pit mine and
evaluate the influencing factors leading to the slope failure. Based
on UAV technology, Zolkepli etal. (2021) mapped several slopes
around Pahang Matriculation College in Malaysia, determined the
important information of the slope, and then identified potential
slope hazards. It is helpful for engineers and researchers to carry out
early prevention to prevent property losses and casualties. Qu et al.
(2021), Quetal. (2022) revealed the seismic failure mechanism
of the geogrid reinforced gravity retaining wall, and illustrated
the failure development process of the reinforced subgrade slope.
It was considered that the geogrid can reduce the displacement
and rotation of the retaining wall, and the energy of the ground
motion can be absorbed by the surrounding soil. Sestras et al.
(2022) analyzed the stability of a slope in Romania using methods
such as topological geodesy, UAV surface displacement monitoring,
and GPR surveys. Valuable information on landslide and erosion
dynamics was obtained, which can predict the future movement
of landslides. Zhangetal. (2022) constructed a comprehensive
monitoring and early warning platform for high and steep slopes
based on health monitoring and safety evaluation, which can provide
comprehensive early warning information, evaluation indicators,
monitoring elements and other key data, and realize the intelligence,
automation and visualization of monitoring data. Zhong et al.
(2024) proposed a simple method to identify the hidden dangers of
landslide geological disasters, and carried out comprehensive remote
sensing identification and field verification of landslide disasters in
Longde County, China. Hao et al. (2023) analyzed the slope stability
under normal conditions and rainfall conditions, and revealed the
dynamic characteristics of soil slope caused by blasting effect. On
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this basis, a slope mitigation method was proposed, and it was
considered that the slope was unstable under the coupling condition
of rainfall and blasting. Shehadeh et al. (2024) proposed a new slope
displacement inspection and management algorithm, which can
provide an automated decision support tool for site managers.

Throughout the literature review, the application of remote
sensing, displacement and acoustic emission and artificial
intelligence technology in slope monitoring and early warning
system has been significantly mature, providing effective means
for field technicians (Song et al., 2023). In addition, the technology
related to UAV and geological radar was adopted in the defect
inspection and detection of protective facilities. However, geological
radar was relatively difficult to be obtained and there needs cost
long time to process data. Therefore, this study proposes a new
comprehensive method combing UAV and intelligent detection
of portable radar (IDPR) to reduce the geological hazards in
the existing railway lines. Among of them, the surrounding
environment of protective facilities and retailing wall can be
periodic inspected and compared by UAV, and the internal quality
of retaining wall and slope protection can be detected by IDPR. The
results were compared with the statistical results of borehole drilling.
In addition, hundreds of protective facilities on existing lines in
different regions of China were investigated, the typical defect
types, characteristics and specific causes of retaining wall, slope
protection, anti-slide pile and anchorage engineering structure were
determined. The aims of the current research are to provide new
ideas for the on-site inspection and detection of protective facilities
and provide support for the risk assessment of slope supporting
structure.

2 Typical defects and their routine
inspection and detection methods

2.1 Typical defect types and causes

Through the investigation of hundreds of protective facilities on
existing lines under the jurisdiction of Zhengzhou and Nanning,
the typical defect types, characteristics and causes of retaining wall,
slope protection, anti-slide pile and anchorage engineering structure
of existing railway lines are analyzed.

Retaining wall refers to the supporting roadbed filling or hillside
soil, to prevent filling or soil deformation instability structures. With
the continuous deterioration of geological conditions, under the

10.3389/feart.2024.1416233

influence of temperature, humidity and atmospheric rainfall, the
retaining wall along the railway is prone to bulging, cracking, cavity,
falling off, water leakage, mud and vertical and horizontal cracks of
the wall, which has a negative impact on the stability of the subgrade
slope and seriously endangers the safe operation of the railway. The
main defect types of the retaining wall structure can be divided
into four categories: quality problems, insufficient bearing capacity,
drainage system failure and external environmental changes. Typical
cases are shown in Figure 1. Among them, the causes of quality
problems include insufficient geometric size of the wall, unqualified
wall materials, voids in the wall, and insufficient bonding of the
wall. The causes of insufficient bearing capacity include foundation
sliding failure, failure to rotate around the toe of the wall, uneven
subsidence of the foundation, shear failure of the wall body, and
sliding along the fracture surface of the weak layer. The causes of the
failure of the drainage system include the aging of the drainage hole
structure, the destruction of the filter layer, the overflow of the ditch,
the cultivation and irrigation, and the domestic sewage discharge.
The causes of external environmental changes include wall top
farming, wall top loading, and adjacent engineering disturbances.
Slope protection is a general term for all kinds of paving and
planting on the slope in order to prevent the slope from being
scoured. Mortar rubble revetment is a kind of masonry structure
made of mortar and rubble, which often occurs slope cracking,
aging damage and poor drainage. The main defect types of slope
protection structure can be divided into four categories: quality
problems, unreasonable setting, drainage system failure and external
environmental changes. Typical cases are shown in Figure 2. Among
them, the causes of quality problems are the slope protection cavity,
slope protection bulging and mortar rubble aging and damage, etc.
The causes of unreasonable slope protection setting are the slope
protection cracking and slope protection outward collapse, etc. The
causes of drainage system failure are aging of drainage hole structure,
filling of rock and soil mass, change of groundwater flow path,
etc. The causes of external environment change are the slope top
farming, slope top surcharge, adjacent engineering disturbance.
Anti-slide pile is a new type of retaining structure, but due to
the quality of the project and the defects in operation, it is easy
to lead to the destruction of anti-slide piles. According to relevant
statistics, the probability of various defects in the pile body is about
15%-20%. If it is not found and treated in time, it will cause hidden
dangers to the normal use of geotechnical structures and buildings.
The main defect types of anti-slide pile structure can be divided into
three categories: anti-slide pile defects, embedded rock mass defects,

FIGURE 1
Typical defects of retaining wall. (A) Insufficient wall thickness; (B) Foundation sliding failure; (C) Drainage hole structure aging; (D) Wall top stack load.
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FIGURE 2

Typical defects of slope protection. (A) Partial cavity; (B) Collapse; (C) Drainage ditch cracking; (D) Slope top stack load.

FIGURE 3

Typical defects of anti-slide piles. (A) Pile cracking; (B) Pile toppling; (C) Soil over the top of pile.

FIGURE 4
Typical defects of anti-slide piles. (A) Anchor failure; (B) Damage of frame beams; (C) The frame is suspended; (D) Damage of protective measure.

TABLE 1 Main defect types of protective facilities.

Protective facilities Typical defect types

Retaining wall Quality problems

Insufficient carrying capacity

Failure of drainage system Environment change

Slope protection Quality problems

Tirrational setting

Failure of drainage system Environment change

Anti-slide pile Anti-slide pile defects

Embedded rock mass defects

Deformity defects -

Anchorage engineering Anchoring defects

Frame defects

Slope foundation defects Slope protection measures Defects

and deformation body defects. Typical cases are shown in Figure 3.
Among them, the causes of anti-slide pile defects include insufficient
bending resistance of pile body, insufficient shear resistance of pile
body and excessive horizontal displacement of pile top. The causes of
embedded rock mass defects include insufficient resistance of soil in
front of pile and insufficient depth of embedded section. The causes
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of deformation body defects include overtopping failure and soil
arching effect failure between piles.

Anchorage technology refers to the use of bonding medium or a
locking mechanism to fix one end of the metal rod in a more stable
rock and soil layer, and the other end is connected to the engineering
structure, thereby controlling the deformation of the rock and soil.
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FIGURE 5
UAV system. (A) UAV equipment; (B) Test zone; (C) Operation window.
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FIGURE 6
IDPR. (A) Instrument; (B) Portable wheel; (C) Field detection; (D) Detection result display window.

Due to the pre-applied prestress, the anchor frame structure can  frame defects, slope foundation defects, and slope protection
change the overall stress of the slope, thus effectively controlling  measures defects. Typical cases are shown in Figure 4. Among them,
the displacement of the slope. During the operation period, due  the causes of anchoring defect defects are insufficient anchoring
to the effect of long-term high prestress, the change of geological ~ force and insufficient strength of anchor rod (cable). The causes
and hydrological conditions, the corrosion of the structure, etc., of frame defect defects are insufficient bending resistance of lattice
the working performance of the anchorage structure will continue ~ beam, insufficient shear resistance of lattice beam, over-limit crack
to deteriorate, which constitutes a potential safety hazard of the width of lattice beam, etc. The causes of slope foundation defect
anchorage slope. The main defect types of anchorage engineering  defects are frame suspension and insufficient bearing capacity of
structures can be divided into four categories: anchorage defects,  frame base. The causes of slope protection measures defect defects
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TABLE 2 Performance index of portable geological radar.

10.3389/feart.2024.1416233

Parameter Index ’ Parameter Index
Depth of investigation 2~3m A/D 16 bits
Sampling frequency 5-50 KHz Sampling point 512, 1024, 2048
Time window 5-3000ns System gain 160 dB
Minimum sampling interval <2ps Transmission distance >30 m
Continuous working time >8h Waveform superposition times 1-4,096

Diseases of
retaining
facilities

AVO
IDPR

—

Tall wall
surrounding > I'Sjé\sl
environment
Are there
diseases
Continue
to compare

The inspection and detection technology process.

Record data
Take measures

Record data
Take measures

Break
detection

v

Record data
Take measures

are destruction of slope protection measures and local collapse of
slope interior. Through the above analysis, it is found that there are
many kinds of defects in the existing railway line protection facilities,
which seriously endanger the operation safety of the railway. It is
necessary to carry out efficient inspection and detection to prevent
accidents in time. The specific types of typical defects are shown
in Table 1.

2.2 Conventional inspection and detection
methods

The current protective facilities in existing railway lines
were mainly inspected manually, requiring video recorders,
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cameras, engineering drills, steel rulers and other self-made
equipment, which can clearly identify common defects such as
cracking, cavity, bulging, collapse and extroversion, structural
aging, and poor drainage. However, the safety pressure faced
by the engineering department increased and the simple
routine inspection cannot meet the current requirements due
to the increase of the service life of protective structures,
the gradual deterioration of itself, and the change of the
external environment and hydrological conditions. Therefore,
a new technology for periodic inspection of the surrounding
environment of the protective facilities based on UAV was
proposed.

The detection methods of retaining wall facilities include non-
destructive detection and destructive detection. Non-destructive

frontiersin.org
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FIGURE 8

UAV aerial image of retaining wall of project section I in Hunan and Guangxi. (A) Aerial model in July; (B) Aerial model in February of the next year.
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FIGURE 9

UAV aerial image of retaining wall of project section IT in Hunan and Guangxi. (A) aerial model in June; (B) Aerial model in February of the next year.

detection cannot cause any damage to the structure of concrete,
and can judge the uniformity, compactness, strength, defects and
other information of the retaining wall. The destructive detection
results are reliable, while it is not convenient for sampling and
testing, especially it will cause a certain degree of damage. The slope
protection detection method is artificial visual and drilling core
sampling. Artificial visual has certain limitations for hidden parts,
and on-site drilling core sampling is easy to cause a certain degree
of damage to the slope protection structure. The detection methods
of anti-slide pile facilities are low strain method and acoustic wave

Frontiers in Earth Science

transmission method. The low strain method uses the reflected
wave method to process and analyze the waveform with pile quality
information during the propagation of stress wave along the pile.
The acoustic transmission method is used to identify the location
of the pile foundation defects and estimate the size of the defects by
analyzing the changes in acoustic parameters such as sound speed,
frequency and wave attenuation of sound waves propagating in the
concrete medium. The detection method of anchoring engineering
facilities is mainly acoustic reflection method. By analyzing the
reflected wave signal in time domain and frequency domain, the
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FIGURE 10

for June and February of the following year.

Slope protection cycle image of a project section in Hunan and Guangxi. (A) UAV images for June and February of the following year; (B) DSM images

working parameters such as the effective length of anchor rod (cable)
and anchoring quality are obtained.

At present, there are still some problems in the detection
of protective facilities, such as inconsistent detection schemes,
multiple detection equipment components, complex operation,
and long internal and external industry cycles. After the
accident, the detection team needs to rush from all over
to the
Therefore, a new portable intelligent detection technology

scene, which is time-consuming and laborious.

was proposed.

3 New inspection and detection
methods of protective facilities in
existing railway lines

3.1 UAV inspection method

3.1.1 Introduction of UAV

Unmanned aerial vehicle (UAV) can take topography from the
air to obtain an overlooking map. Due to its unique advantages, it
has been widely used in railway inspection and safety assessment
(Wu et al., 2023; Qin et al., 2024).

Frontiers in Earth Science

After investigation and comparison, the Ddajiang series UAV
was selected to compare and analyze the aerial photography cycle
of protective facilities because it was portable and powerful, with
higher-definition, smoother thermal imaging sensors and higher-
pixel visible light sensors, etc. The precise positioning can complete
the refined automatic flight inspection operation in complex scenes.
This type of UAV has been widely used in fire rescue, emergency
search and rescue, police law enforcement, environmental
protection, power inspection and other fields. Figure 5 is UAV
equipment and aerial photography, respectively.

3.1.2 Period comparison analysis technology

In general, the creep rate of geological disasters is very small
and stable. When it suddenly increases, it means the disaster
coming. According to the specific working conditions of different
points, different cycles of aerial photography can be carried out.
The aerial photography cycle is generally quarterly, semi-annual
and annual. Periodic comparison analysis can interpret unknown
images or understand the changes of ground objects based on
known images, including time-phase dynamic comparison method
and spatial comparison analysis method. The time-phase dynamic
comparison method is an interpretation method to understand
the dynamic changes of the same target by analyzing the remote
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https://doi.org/10.3389/feart.2024.1416233
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Lietal.

10.3389/feart.2024.1416233

Taijiao line
Section: K1

Hole depth: 0.90m

Core length: 0.90m

Distance from bottom: 2.10m
0.46m

FIGURE 11

Distance/m

Comparison of detection results of downward left retaining wall in K1 section of Taijiao line. (A) Geological radar profile; (B) Core drilling profile.

Taijiao line
Section: Kl
Hole depth: 0.90m
Core length: 0.90m
Distance from bottom: 2.10m
i Wall thickness: 0.46m

—e

sensing images of the same area at different times. The spatial
comparison analysis method analyzed the two images of similar
regions or applies different types of remote sensing images to the
selected area. The above methods can effectively identify the defect
information of protective facilities, which is more accurate and
effective than manual visual inspection. This technology is our
application innovation on the basis of UAV aerial photography
technology and has been widely promoted.

3.2 Intelligent detection of portable radar
(IDPR)

Based on the shortcomings of traditional detection equipment,
it is urgent to develop a portable intelligent detection equipment.
As shown in Figure 6, the equipment has small size and the ability
of waterproof, dustproof and shockproof. It is simple to operate
and can display the collected images in real time, realize wireless

Frontiers in Earth Science

transmission, network transmission, and realize the synchronous
interrogation between the background and the foreground. One to
two inspectors can complete the data collection of the rescue task.

The new equipment can detect the internal filling of the retaining
facilities, such as water content, compactness, cavity, etc. In addition,
the quality detection of tunnel lining and subgrade structure can
also be realized. The specific performance indicators are shown
in Table 2.

3.3 Inspection and detection content and
process of new technology

For high protective facilities and cliffs that cannot be reached by
manpower, new technologies such as UAV aerial photography and
SRS (satellite remote sensing) images should be used for periodic
comparison analysis. The inspection of the key road base section
shall not be less than once a quarter. The flood season inspection
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Taijiao line
Section: K2

Hole depth: 0.80m
Core length: 0.80m
Distance from bottom: 1.60m 7
Wall thickness: 0.15m

FIGURE 12

Distance/m

Comparison of detection results of downward left retaining wall in K2 section of Taijiao line. (A) Geological radar profile; (B) Core drilling profile.

Taijiao line
Section: K2

Hole depth: 0.80m

i Core length: 0.80m
Distance from bottom :
Wall thickness: 0.15m

1.60m

TABLE 3 Borehole coring parameters.

Drilling mileage Distance from bottom (m)

Wall thickness (m)

Core length (m)

Hole depth (m)

K1

K2

can be divided into rain, after rain and monthly inspection. In case
of heavy rain, rainstorm and continuous rainfall, the number of
inspections should be increased as appropriate, and the problems
found in the inspection should be reported in time. In case of
emergency, safety measures should be taken decisively. In order to
grasp the changes in the surrounding environment of the retaining
facilities, new technologies such as UAV aerial photography and SRS
images should be used for periodic comparison analysis. The key
areas should be inspected every 6 months. In the flood season, the
number of inspections should be increased as appropriate, and the
problems found in the inspection should be reported in time.

For conventional protective facilities, AVO (artificial visual
observation) and IDPR are often used. AVO should set a reasonable
observation path to ensure that common defects such as cracking,
cavity, bulging, collapse and extroversion, structural aging and poor
drainage of retaining facilities can be clearly identified. In order

Frontiers in Earth Science
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to avoid the subjective problem of manual visual inspection, IDPR
can be used to detect the protective facilities in special areas. For
defects that are difficult to accurately judge, core drilling method and
pull-out method can be used. The specific inspection and detection
process is shown in Figure 7.

4 Case study
4.1 Application of UAV technology

As shown in Figure 8, the time-phase dynamic comparison
method is used to compare and analyze the UAV cycle aerial images
of project section I in Hunan and Guangxi. It can be seen that the
change of the retaining wall during and after the flood season. The
structure of the retaining wall is relatively complete before the flood
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FIGURE 13
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Comparison of detection results of downward left slope protection in K1 section of Houyue line. (A) Geological radar profile; (B) Core drilling profile.

Houyue line
Section: Kl
Hole depth: 1.00m
¢ Core length: 1.00m
Distance from bottom: 1.50m
Slope thickness: 0.21m

season. During the flood season, the rear part of the retaining wall is
seriously scoured by rainwater and is damaged to a certain extent.
Therefore, it is easy to produce the defect of water accumulation,
which can be verified by the comparative analysis of aerial images
in the next year.

As shown in Figure 9, by comparing the images of the
mortar rubble retaining wall in a certain section of Xianggui
in different periods, it can be seen that due to the influence
of flood season and its own quality, there are defects such
as water accumulation and cracks in the middle of the
retaining wall.

The Digital Surface Model (DSM) is established for the slope
protection of a project section in Hunan and Guangxi by using
the time phase dynamic comparison method and the spatial
comparison analysis method. As shown in Figure 10, by comparing
and analyzing the UAV aerial images and DSM images, it can be
seen that the slope protection is relatively stable in June. Affected by
the flood season, there are obvious sliding and accumulation defects
on the left surface of the slope protection in February of the
following year.
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From the above cycle comparative analysis technology
application cases, it can be seen that UAV remote sensing images
contain three types of information with space, spectrum and
texture. Using image data at different times can monitor the
change of the target, and using different types of images can
assist in identifying the change of the target, so as to obtain
more geographic information of the target. Compared with the
traditional AVO, the UAV aerial photography technology has a
large inspection range, high efficiency, and clear discrimination
criteria, which can be used as a necessary supplement to the existing
inspection methods.

4.2 Application of IDPR

4.2.1 The downward left retaining wall of K1 and
K2 sections of Taijiao line

This section is a road cut, and the line is excavated in the
middle of the mountain from southwest to northeast in the form
of double lines. The small mileage is higher than the large mileage,
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FIGURE 14
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Comparison of detection results of downward left slope protection in K2 section of Houyue line. (A) Geological radar profile; (B) Core drilling profile.

Houyue line
Section: K2
Hole depth: 0.80m
Core length: 0.80m
Distance from bottom:
Slope thickness: 0.21m

1.40m

TABLE 4 Borehole coring parameters.

Drilling mileage Distance from bottom (m)

Wall thickness (m)

Hole depth (m)

Core length (m)

K1 1.50

1.00 1.00

K2 1.40

0.80 0.80

and the left side is slightly higher than the right side. The vegetation
of the hillside is strong, and the gradient of the slope protection
is gentle.

Figures 11,12 are the results of geological radar profile
and drilling core diagram, respectively. From the geological
radar detection map, it can be seen that the retaining
wall has second-level cavity in the K1 section and the
retaining wall has second-level not dense in the K2 section.
The statistical results of borehole coring in K1
show that 0-46 cm limestone is
55-79 cm limestone is intact, 79-90 cm soil (hard plastic).
The
show that 0-15cm limestone is intact, 15-30 cm mortar is

section
intact, 46-55cm cavity,

statistical results of borehole coring in K2 section

Frontiers in Earth Science

not dense, 30-65cm limestone is intact, 65-74cm cavity
(including gravel is not dense), 74-80cm soil. This result
is consistent with the geological radar detection results. The
analysis results can provide sufficient basis for identifying the
types of retaining wall defects and proposing corresponding
prevention measures. The relevant drilling coring parameters are
shown in Table 3.

4.2.2 The upward left slope protection of K1 and
K2 sections of Houyue line

The terrain of this section is high, the right side is the
embankment, the left side is the road cut, and the starting
and ending of the slope are both the road cut. The line

12 frontiersin.org
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FIGURE 15

products.

Comparison of detection results of the same geological site. (A) detection results of portable structure detector; (B) detection results of SIR series

passes from south to north, the right side is the special
line for railway freight yard, and the slope has a curvilinear
appearance.

Figures 13,14 are the results of geological radar profile and
drilling core diagram, respectively. From the geological radar
detection map, it can be seen that the slope protection has
cavity in the K1 section and the slope protection has not
dense in the K2 section. The statistical results of borehole
coring in K1 section show that 0-21 cm limestone is intact,
21-30 cm mortar, 30-60 cm limestone is intact, 60-66 cm cavity,
66-73 cm limestone is broken, 73-81 cm limestone is intact,
81-92 cm cavity, 92-100 cm limestone is intact. The statistical
results of borehole coring in K2 section show that 0-21cm
limestone is intact, 21-28 cm mortar, 28-50 cm limestone is intact,
50-60 cm is not dense, 60—-80 cm limestone is intact. This result is
consistent with the geological radar detection results. The analysis
results can provide sufficient basis for identifying the types of
slope protection defects and proposing corresponding prevention
measures. The relevant drilling coring parameters are shown
in Table 4.

4.2.3 Comparison of detection accuracy

the of the geological
detected by the self-developed portable structure detector
and the SIR series products of GSSI (Geophysical Survey
Systems, Inc.) company. Through comparative analysis, it
is found that the image waveforms obtained by the two
good  correspondence. The
layered display,

Figure 15 is image same site

have
has more prominent
recognition of the detailed structure, and strong software post-

devices self-developed

equipment obvious

processing functions, which can be promoted and applied in
the field.
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5 Conclusion

In view of the large number of retaining facilities on both
sides of the existing railway, which have a long service life and are
prone to deterioration and defects, the types and characteristics of
typical defects are summarized from the perspective of engineering
inspection, and their causes are analyzed. The existing defect
inspection and detection methods for old retaining facilities of
existing railways have various problems with small inspection scope,
low efficiency, unobvious contrast effect, low accuracy of detection
technology, and inconsistent standards. Therefore, on this basis, a
new technology of periodic inspection of surrounding environment
of retaining facilities based on UAV and a new technology of
portable intelligent detection are proposed and applied in the field.
The main conclusions are drawn as follows.

(1) The causes of the defect of the mortar rubble retaining
wall include the quality problem of the retaining wall, the
insufficient bearing capacity of the retaining wall, the failure of
the drainage system of the retaining wall, and the change of the
external environment. According to the manifestation of the
defect, it can be divided into 13 categories. The causes of slope
protection defects include quality problems of slope protection,
unreasonable setting of slope protection, slope protection
drainage system failure and external environment changing.
According to the manifestations of defects, they are divided
into nine categories. The causes of anti-slide pile defects
include anti-slide pile defects, embedded rock mass defects,
and deformable body defects. According to the manifestations
of the defects, they are divided into six categories. Meanwhile,
the causes of anchorage engineering defects are anchorage
defects, frame defects, slope foundation defects and slope
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protection measures defects. According to the manifestations

of the defects, they are divided into nine categories.
(2) The time-phase dynamic comparison method is used to
compare and analyze the UAV periodic aerial images of the
first and second sections of a project in Hunan and Guangxi.
It can be found that the back of the retaining wall in the
flood season is prone to water accumulation and cracks in
the middle of the retaining wall. According to the UAV aerial
image of a third section of a project in Hunan and Guangxi
and combined with DSM, the defect of downward slip and
accumulation on the slope surface can be identified. From the
above application cases, it can be seen that the new technology
of periodic inspection of the surrounding environment of the
retaining facilities based on UAV has obvious advantages.
(3) The application of new portable intelligent detection
technology in multiple lines shows that the holes and non-
compactness in the borehole coring results are consistent
with the detection results of the self-developed portable
radar, which proves the reliability of the developed portable
intelligent detection equipment. The comparison results
of detection accuracy show that the detection results of
self-developed portable radar equipment have obvious
stratification and clear detail recognition, which can be
popularized and applied in the field.

The UAV and IDPR can bring a large number of images of
slope protective facilities, and these images can be provided valuable
data for current popular deep learning models. For ongoing and
future research, convolutional neural network (CNN)-based deep
learning models, such as hybrid attention convolutional neural
network (Pan et al., 2020; Zhao et al., 2023a; Zhao et al., 2023b),
can be further developed to automatically and accurately to detect
defects of slope protective facilities from the UAV images and
IDPR images.
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