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An anchoring frame beam is a very common form of support for reinforced slopes,
especially in alpine regions. Centrifugal tests have proved to be an intuitive and effective
means of investigating the mechanism of action of frame beams. However, the data
acquisition system of the geotechnical centrifuge in service has the problem of a small
number of acquisition channels. A multi-channel selector based on the existing acquisition
system was proposed, designed, processed, and manufactured, and it was debugged,
tested, and applied in a no-load centrifugal test, static pressure model test, and centrifugal
model test. The results show that the acquisition mode of the multi-channel selector
connected with a maximum of 288 sensors has been changed from “one-to-one” to “one-
to-many”. Its influence on various sensor signals is negligible. The multi-channel selector
can work normally, which communicates and feeds back with the remote controller in the
1–120 g no-load centrifugal test. In the static load model test, 162 sensor signals were well
collected through it. And only 51 channels were used to effectively obtain the signals of 187
sensors in a 70 g centrifugal model test of an anchoring slope with a frame beam. The
multi-channel selector can be successfully applied in different use environments, saving
time and reducing the cost of obtaining a single set of data.
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INTRODUCTION

Landslides (Amato et al., 2019; Carlà et al., 2019; Kreczmer et al., 2021) occur every year around the
world, especially in alpine regions (Zhang J. et al., 2021; Zheng et al., 2018; Zhou et al., 2021). An
anchoring frame beam is a very common form of support for reinforced slopes (Lin et al., 2017; Shi
et al., 2019; Zheng et al., 2021b). Various research methods, such as theoretical analysis (Wang et al.,
2020; Zeghal et al., 2018; Zhang S. et al., 2021; Zheng et al., 2021a), laboratory tests (Pan et al., 2020;
Yao et al., 2020; Zhang et al., 2020b), numerical simulations (Ge et al., 2017), and on-site monitoring
(Zhang et al., 2020a; Zhao et al., 2020) were used to study the mechanism and prevention of
landslides. The physical model test is the most commonly used entity research method (Ghandil
et al., 2016), which is widely used in many disciplines such as geotechnical, hydraulic, structure, etc.
(Lin et al., 2018). Among them, the geotechnical centrifugal model test is becoming more and more
popular with researchers, because it uses the super-gravity field to make the test object obtain the
internal stress state of its weight similar to the prototype, thereby effectively ensuring that the static/
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dynamic response, stress path, deformation, and failure
mechanism of the test body are highly consistent with the
prototype (El Sawwaf et al., 2006; Chen et al., 2018; Weng
et al., 2020). It is generally recognized by international
engineering and academic circles. With the continuous
advancement of centrifuge construction technology and the
substantial expansion of the scope of test applications, most of
the geotechnical centrifuge equipment has basically improved the
technology in the simulation of static/dynamic conditions. It is
well known that the construction and maintenance costs of
geotechnical centrifuges are enormous, leading to high costs
for each centrifugal model test, so it is desirable to collect as
much test data as possible. However, a static and dynamic data
acquisition system with many geotechnical centrifuges in service
is usually equipped, which carries tens or hundreds of channels
for connecting various sensors in a “one-to-one” manner. As a
result, the number of data obtained in many centrifugal model
tests cannot exceed the number of channels of the data
acquisition system, which inevitably causes the data of each
channel to be expensive. Therefore, it is very meaningful to
obtain more data based on the number of channels of the
existing acquisition system to reduce the cost of a single
dataset in a centrifugal model test.

Many scholars have carried out centrifugal model tests and
obtained a large amount of test data (Ng et al., 2004; Thusyanthan
et al., 2007). However, all were limited by the number of channels
in the data acquisition system, and the number of sensors used in
a test was relatively small (Li et al., 2019; Shen et al., 2020).
Viswanadham et al. (2009) studied geotextile-reinforced slopes
subjected to differential settlements during centrifuge at 40 g, and
five datasets of Linearly Variable Differential Transformer
(LVDT) were collected. Chortis et al. (2020) researched the
influence of scour depth and type for monopiles in sand
under monotonic lateral loading by geotechnical centrifuge.
Twenty strain gauges were embedded at different depths on
the left and right sides of the model pile. Sabagh et al. (2020)
used seven sensors (five found surface settlement LVDT, two
tunnel displacement LVDT) and one camera to study the
response to a continuous shallow tunnel crossing an active
normal fault. Liu et al. (2011) carried out the centrifugal
model test of the deformation mode of the geosynthetic
structure-reinforced soil wall under seismic load during service
life and reinforcement load. A total of thirty-six sensors including
eight LVDTs, sixteen strain gauges, and twelve accelerometers
were installed. In the centrifugal model test of Rotta et al. (Rotta
Loria et al., 2015), ten strain gauges were attached to each of the
three energy piles in order to obtain the energy of thermo-
mechanical loads that the piles were subjected to in saturated
sand. Ueda et al. (2019) researched a pile model which they
embedded in an inclined ground and subjected to liquefaction-
induced lateral spreading using four different centrifugal
accelerations from 13 to 50 g, and six pore water pressure
transducers, six accelerometers, twelve strain gauges, four
laser-displace sensors, and one thermocouple were obtained.
The research of Wang et al. (2019) and Yang et al. (2019)
were about the performance and load-bearing characteristics
of the single friction wheel foundation of offshore wind

turbines under lateral moment loads and the vertical
performance in the sand, and only one LVDT was used in
their tests. Some researchers (Kutter et al., 2018; Sahare et al.,
2020) carried out Liquefaction Experiments and Analysis Projects
(LEAP). The centrifugal models were equipped with 14
accelerometers and 10 pore pressure transducers, and 20 data
acquisition channels were utilized.

In addition, other measurement technologies such as cameras,
optical fibers, wireless transmission (Bluetooth, radio, 4G, etc.)
were also used in the centrifugal model test (Gourc et al., 2010;
Herbert et al., 2011; Kuang et al., 2011). It was an effective
supplement to the data acquisition system that comes with the
existing centrifuge. However, many problems in the test process
(untimely test data acquisition, too much invalid data, poor
synchronization, etc.) increased the risk of test failure. Cao et al.
(2018) tested a method for estimating soil moisture using an active
heating fiber Bragg grating (FBG) sensor. Among them, a FBG
acquisition instrument was fixed on the rotating arm of the
centrifuge, and it rotated with the rotating arm during the test.
At this time, the collected test data could not be viewed. Broekman
et al. (2020) developed a linear drive system that provides closed-
loop control in cyclic, monotonic, or static load or displacement
control, and CCTV cameras were used in the centrifuge.

Thus, the objective of this paper was to propose a multi-channel
selector design and successfully use it for centrifugal model testing of
an anchoring slope with a frame beam to achieve the purpose of
reducing the cost of a single data test. This study was organized as
follows. First, the multi-channel selector was designed and
manufactured, and its workflow was introduced. Then, a set of
sensors such as earth pressure gauges, laser displacement gauges,
strain gauges, etc., were selected to be connected to themulti-channel
selector and then connected to the data acquisition system and
compared with the directly connected data acquisition system.
Finally, the multi-channel selector was applied in a centrifugal
model test of an anchoring slope with a frame beam, and 187
sets of data were successfully obtained and analyzed.

WORKING PRINCIPLE AND
MANUFACTURE OF THE MULTI-CHANNEL
SELECTOR
The multi-channel selector was designed based on the dynamic
data acquisition system supporting the geotechnical centrifuge of
Changsha University of Science and Technology. The system
could collect 64 sets of channel data at one time, including 32 sets
of voltage data, 16 sets of electron current data, and 16 sets of
strain data.

Working Principle of the Multi-Channel
Selector
The hardware of the current data acquisition system was
connected by the data acquisition computer, the terminal next
to the model box, and various sensors as shown in Figure 1A.
Their connection method was that one terminal can only connect
to one sensor, which can be called one-to-one. Therefore, the
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geotechnical centrifuge data acquisition system was equipped
with a panel containing 64 terminals next to the model box, and
only 64 sensors can be connected at most. The multi-channel
selector was set between the original terminal and the sensor, and
was connected to them with a shielded cable, as shown in
Figure 1B.

Taking the voltage connection terminals numbered A in
Figure 2 as an example, the working principle of the multi-
channel selector can be introduced in detail as follows. It
contained one total output port (A), six input ports (A1∼A6),
and six dual control switches (S1∼ S6). Generally, all switches
were open, and port A had no voltage. When the control angle
was energized so that the control switch NO.S1 was closed and the
remaining switches were open, the circuit between the input
terminal A1 and the output terminal A was connected. Then,
two-core shielded cables that transmit signals “+” and “-” were
used to connect the terminal block and the multi-channel
selector. At this time, the hardware connection between the
sensor signal connected to the input terminal A1 and the data
acquisition computer was realized, and its signals using the

current acquisition software were collected, stored, and
displayed. Similarly, when the control switch NO.S2 was
closed when the remaining switches were open, the sensor
signal connected to input port A2 was collected, stored, and
displayed. By analogy, the signals of the six input ports could be
collected, stored, and displayed. Thereby, multiple sensor signals
were obtained using one terminal, which can be called “one-to-
many”. Each channel terminal was extended to connect six
sensors. And taking eight terminals as a group in our
centrifuge, if eight terminals were connected to a multi-
channel selector, forty-eight sensors could be expanded, as
shown in Figure 3. The connection mode was changed from
“one-to-one” to “one-to-many”, so that more sensor signals were
collected, stored, and displayed.

Module Design and Process of the
Multi-Channel Selector
In order to achieve the above purpose, a circuit diagram and
circuit board were designed and processed, as shown in Figure 4.

FIGURE 1 | Hardware connection diagram: (A) current connection; (B) added multi-channel selector.

FIGURE 2 | Multi-channel selector connection diagram.
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FIGURE 3 | Multi-channel selector connection diagram.

FIGURE 4 | Circuit diagram and circuit board of multi-channel selection module.
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One set of sixteen-pin output plugs, eight sets of twelve-pin input
plugs, and one row of light-emitting diodes were installed on both
sides of the multi-channel selection board. In addition, forty-eight
dual-control switches, one eight-to-one analog switch, one single-
chip microcomputer, one dial switch, and one RS485 signal
transceiver were welded on the front. The input and output
terminals were used to connect sensors and the data
acquisition system, respectively. The forty-eight dual-control
switches were divided into six groups, eight groups were set to
control the connection of input and output terminals. The
functions of each part were: one eight-to-one analog switch
was used to control which group of dual control switches
work, one single-chip microcomputer was to send work
instructions, one dial switch was to display the current
working status, and one RS485 signal transceiver was to accept
remote control commands and feed back the results of execution
to the remote control. According to the size of various parts and
the line interval, the size of each circuit board was 350 × 100 mm
(length × width).

The single-chip microcomputer according to Table 1 sent out
the binary signal command “000″ to indicate that A1 was turned
on. At this time, the 1# pin of the eight-to-one analog switch was
energized, and the power was supplied to the control site of the
K1 switch of the dual-control analog switch. The K1 switch was
closed to make the A1 plug in the input plug and the A plug in the
output plug realize the physical connection. The other switches
(K2∼K6) connected to the A plug of the output plug were not
powered and in the disconnected state, which would not affect the
signal of the A plug of the output plug, so that the data acquisition
server could realize A1 signal collection, storage, and display of
the sensor connected with the plug. Then according to the
wireless remote control box, it sent out binary signal
instructions 001, 010, 011, 100, and 101 in turn, which means
to connect the A2, A3, A4, A5, A6 sensors plugged into the input
plug, and the eight-to-one analog switch sequentially simulates
the dual control. The control sites of K2, K3, K4, K5, and K6 were
powered, so that the K2, K3, K4, K5, and K6 switches were closed,
and the A2, A3, A4, A5, and A6 sensors inserted in the input plug
were connected to the output. The signal connection of the A plug
in the plug could realize the signal collection, storage, and display
of all sensors connected to the A2, A3, A4, A5, and A6 plugs by
using the existing data acquisition server in turn.

Each multi-channel selected the 1–6 switches in the
controller to switch synchronously, and up to six sensors
could be controlled simultaneously per signal command.
For example, the input plug of A1∼A6, B1∼B6, C1∼C6,
D1∼D6, E1∼E6, F1∼F6, G1∼G6, and H1∼H6 were
respectively connected to the corresponding sensors. If the
“000” command was issued, when the first sensor was selected
to be collected, the A1, B1, C1, D1, E1, F1, G1, and H1
terminals of the input plug were powered by the K1 switch
control angle of the dual-control analog switch, and connected
to the output plug of A to H, thus realizing the connection of
the signal. In order to clearly observe the working condition of
the multi-channel selection controller, the 1# light of the light-
emitting diode was always on. By analogy, if the “001”
command was issued, it meant that when the second sensor

was selected, the A2, B2, C2, D2, E2, F2, G2, and H2 terminals
of the input plug were powered by the K2 switch control angle
of the two-open and double-close analog switch. Respectively,
signal connection with the A, B, C, D, E, F, G, and H plugs of
the output plug was realized. At this time, the 2# light of the
light-emitting diode of the multi-channel selection controller
was always on.

Manufacture of Multi-Channel Selector
According to the centrifugal data collection experience, six
modules numbered M1∼M6 were assembled into a multi-
channel selector, as shown in Figure 5. Its external
dimensions were 358 mm × 291 mm × 102 mm (length ×
width × height), and it was a box body formed by cutting
and welding a steel plate with a thickness of 1 mm. In addition,
a 102 mm × 30 mm ×2 mm (length × width × thickness) angle
steel with two screw holes was welded on the bottom of the left
and right sides of the box to fix the instrument on the
centrifuge to avoid it falling off during the rotation.
Through the use of a multi-meter test, all channels on the
multi-channel selector were connected and disconnected in
compliance with the design requirements, indicating that this
device was feasible.

The centrifuge test process continuously rotated around the
central axis (without stopping), and the existing centrifuge cable
channels had all been used up, making it impossible to control
the multi-channel selector through wired methods. Therefore, a
wireless method was selected for control signal transmission
and reception. The operating instructions are shown in Table 2.
An unloaded centrifugal test was carried out in advance, all
doors and covers were closed, consistent with the centrifuge test
state. The results show that the multi-channel selector operates
well under the condition of 120 g centrifugation, indicating that
it can be used in centrifugal tests.

To test the influence of the multi-channel selector on the
voltage and electron signals, five kinds of voltage signals (1, 2, 3,
4, 5 V) and five kinds of electron signals (4, 8, 12, 16, 20 mA)
were collected. Figure 6 shows that no matter whether the
multi-channel selector was connected or not, the collected
signals were the same, indicating that the multi-channel
selector had no influence on signal acquisition, or its
influence could be ignored.

APPLICATION OF MULTI-CHANNEL
SELECTOR IN STATIC PRESSURE MODEL
TEST OF AN ANCHORING SLOPE BY
FRAME BEAM

After the previous test, the multi-channel selector could be
remotely controlled and connected to the line. The actual
effect of it was compared through a static pressure model test.

Static Pressure Model Test Plan
A static pressure model of a cubic soil block was designed, in
which we placed the soil block model, the loading steel plate, the
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dynamometer, the jack, and the measuring sensors from bottom
to top in the reaction frame, as shown Figure 7. The size of the
soil block was 150 mm × 150 mm × 150 mm, which was

compacted layer by layer by means of tamping. The front and
back sides and top of the soil block model were used to place the
frame beam model and the loading steel plate, and the rest were
restrained by a U-shaped steel plate to limit the deformation of
the soil block.

In order to obtain the actual use effect of the multi-channel
selector, many sensors were installed in the model test. The
detailed installation was as follows:

The nine axial force sensors (voltage sensor) were buried
inside the soil block.

The three earth pressure sensors (voltage sensor) were loaded
between the steel plate and soil block, soil block and
U-shaped plate.

FIGURE 5 | Picture of multi-channel selector.

TABLE 1 | Signal numbering code.

J2 J1 J0 EN ON J2 J1 J0 EN ON

0 0 0 1 1 1 0 0 1 5
0 0 1 1 2 1 0 1 1 6
0 1 0 1 3 1 1 0 1 7
0 1 1 1 4 X X X 0 None

TABLE 2 | Operational order.

NO. Send command Backtrack Comment

1 XX 10 0064 0001 02 0000 CRC XX 10 0064 0001 CRC Closed
2 XX 10 0064 0001 02 0001 CRC XX 10 0064 0001 CRC 1 Channel open
3 XX 10 0064 0001 02 0002 CRC XX 10 0064 0001 CRC 2 Channel open
4 XX 10 0064 0001 02 0003 CRC XX 10 0064 0001 CRC 3 Channel open
5 XX 10 0064 0001 02 0004 CRC XX 10 0064 0001 CRC 4 Channel open
6 XX 10 0064 0001 02 0005 CRC XX 10 0064 0001 CRC 5 Channel open
7 XX 10 0064 0001 02 0006 CRC XX 10 0064 0001 CRC 6 Channel open
8 XX 90 YY CRC Error

Note: 1. XX is the ID address of the module (01–06); 2. CRC is the communication data check code.

FIGURE 6 | Comparison of (A) voltage and (B) electron signals with or without a multi-channel selector.
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FIGURE 7 | Cable connection diagram for the static pressure model test.

FIGURE 8 | Data of static pressure model test: (A) earth pressure, (B) axial force, (C) displacement, and (D) strain.
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The six laser displacement sensors (electron sensor) were used
to measure the deformation of frame beams, longitudinal beams,
and soil blocks.

A total of 144 strain gauges (strain sensor) were pasted on the
frame beam model.

After the model was made and the sensors were installed, the
cables of all sensors were inserted into the input end of the multi-
channel selector, and the output end was connected to the data
acquisition system. The actual effect of the cable connection is
shown in Figure 7.

Analysis of Static Pressure Model Test
The twelve voltage channels, six electron current channels, and
sixteen strain channels of the data acquisition system were
collected from the soil pressure sensors, axial force sensors,
displacement sensors, and strain sensors on the unloaded and
loaded plates, as shown in Figure 8. A total of 162 sets of data
were obtained.

Figure 8A displays the result of the earth pressure data. It
shows that the earth pressure after loading increased to
300 kPa, which is consistent with the load applied by the
loaded steel plate. Similarly, the axial force meters in nine

groups of soil bodies were obtained, and the average value of the
axial force loaded was 400 N in Figure 8B . In addition, the laser
displacement data were within the range of −15–15mm in
Figure 8C, and the measured value was consistent with the
display of the sensor. The displacement change before and after
loading was relatively small, and its value was 1–2 mm. The focus
of this model test was the collection of the strain data. The data of
144 strain gauges were collected in nine groups, as shown in
Figure 8D. Its strain value was −20,000 με to 20,000 με, which
corresponds to the change in resistance value measured by a multi-
meter.

Through the static pressure model test, it was found that
when the multi-channel selector works normally it is easy to
operate, and connects quickly. It only takes 1–2 s to switch
once using the multi-channel selector, and it takes 30 s to
1 min to select manual operation for this step. The installation
of the multi-channel selector and the sensor and data
acquisition system can break through the limit of the
number of centrifuge acquisition channels and achieve more
sensor data acquisition tasks. Another new discovery is that
the multi-channel selector can also be used for data collection
in conventional model tests, which can effectively shorten the

FIGURE 9 | Design drawing of the centrifugal model test.

TABLE 3 | Number of sensors and grouping acquisition scheme.

NO. Axial force Earth pressure Laser displacement Strain gauges

Total 27 10 6 144
1 9a 10 6 16a
2 9b 10 6 16b
3 9c 10 6 16c
4 9a 10 6 16d
5 9b 10 6 16e
6 9c 10 6 16f
7 9a 10 6 16g
8 9b 10 6 16h
9 9c 10 6 16l
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time for manually disassembling the cable between the sensor
and the collector.

APPLICATION OF MULTI-CHANNEL
SELECTOR IN CENTRIFUGAL MODEL TEST
OF AN ANCHORING SLOPE BY FRAME
BEAM

Although the multi-channel acquisition instrument had been well
applied in the static pressure model test, its purpose was to
expand the data acquisition channel of the existing centrifuge,
so it needed to be applied in the centrifuge model test.

Design and Production of Centrifugal Model
Test
The purpose was to test the application effect of the multi-
channel selector through the centrifugal model test of

reinforced cut slopes by anchoring frame beams. The original
slope ratio was 1:2, and the first level adopted anti-slide piles with
a height of 10 m; the second level slope was supported by anchor
cable frame beams with a slope height of 8 m and a slope ratio of
1:1. The surface layer of the slope was red clay with a thickness of
11–18 m. The frame beam was a reinforced concrete structure
with a size of 0.6 × 0.6 m (width × height). The spacing between
its strings and beams was 3 m, and the length was 9 m as a unit.

Combining various constraints, the scale of this centrifugal
model was n � 70. The slope model and anchoring frame beam
were designed, manufactured, and installed according to
Figure 9. The model was embedded with 27 axial forces
(voltage sensor), 10 earth pressures (voltage sensor), six
laser displacements (electron sensor), and 144 strain gauges
(strain sensor). And a total of 187 sets of data needed to be
collected.

Although the data acquisition system was configured with 64
channels, each channel could only collect the sensor signal of the
corresponding signal category, not any signal. For example, if an
electron current sensor or strain sensor was plugged into a voltage

FIGURE 10 | Process photos of the centrifugal model test: (A) slope forming and axial installation; (B) frame beam and sensor installation; (C) connection of various
cables and multi-channel acquisition instrument; (D) all cable connection renderings.
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channel, the signal data obtained was wrong. According to the
number and type of sensors, the number of times to collect data of
axial force, earth pressure, displacement, and strain was three,

one, one, and nine, respectively. In order to obtain all sensor data,
it was determined that the maximum number of data collection
was nine. The number of sensors and the group collection scheme

FIGURE 11 |Moment of frame beam: (A) beams, (B) strings; earth pressure: the bottom of the (C) beam, (D) string and axial force of the anchor cable: (E) 1#, (F)
2#; (G) 3#.
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are shown in Table 3. Therefore, the signals of 187 sensors were
connected to the data acquisition system through a multi-channel
selector. The model making, sensor installation, and cable
connection are shown in Figure 10.

Analysis of Centrifugal Model Test
When the centrifuge rotated to the target acceleration of 70 g, the
sensor signal data were collected according to the above-
mentioned collection scheme. As the laser displacement gauge
exceeded the measurement range and some strain gauges were
disconnected, the data for 21 axial forces, 10 earth pressures, and
103 strain gauges were obtained. Figure 11 shows the moment of
the frame beam, the earth pressure at the bottom of the beam, and
the axial force of the anchor cable.

The results of the centrifugal test model for the moment of
the frame beams in Figures 11A,B show that the moment in
the length direction of the entire beam cannot be described
intuitively and accurately, due to varying degrees of damage
and abnormality at the measuring points on the beams in the
test. However, the strain gauges on the frame beams are
arranged symmetrically, and the distribution of the moment
along the length of the beam can be described intuitively and
accurately based on the existing test results of the measuring
points. Beam 1# between the two adjacent anchor cables, that
is, the beam at the mid-span section of the beam body is
subjected to a greater negative moment than beams 2# and 3#,
which is expressed as beam 1#> 2#> 3#. The moment of the
frame beams gradually decreases along with the increase in the
height of the slope, that is, the top of the frame beam is the
smallest and the bottom is the largest. In the moments of the
transverse and longitudinal beam sections of the hinged
fabricated anchor cable frame beams and the moments of
the transverse and longitudinal beam sections of the
traditional frame beams, it is found that the positive and
negative moments on each section of the traditional frame
beams are greater than those of the hinged fabricated anchor
cable frame beams. It means that the new structure can use
smaller size or reinforcement to achieve the same supporting
effect as the traditional structure.

Similarly, Figures 11C,D are the results of the distribution
of the bottom soil pressure data of the hinged-type fabricated
anchor cable frame beam and the traditional frame beam
cross beam and longitudinal beam. It can be seen from
Figure 11C that at the same horizontal longitudinal beam
position, the soil pressure in the middle section of the beam is
expressed as: the soil pressure at the bottom of the traditional
frame beam is greater than the bottom soil pressure of the
hinged-type fabricated anchor frame beam, and the soil
pressure is located in the upper middle of the frame beam
longitudinal beam. The pressure is greater than the bottom
soil pressure in the middle span of the frame beam
longitudinal beam. The soil pressure at the bottom of the
beam at the mid-span section of the same horizontal beam is
greater than that of the traditional structure. In addition,

because there are fewer earth pressure gauges arranged, the
data obtained are more discrete, and it is difficult to
concretely and accurately reflect the influence of the frame
beams on the distribution of earth pressure at the bottom of
the beam when the two frame beams support slopes.

The comparison diagram of the axial force of the two
structures is shown in Figures 11E–G. From the overall
trend, it can be concluded that the axial force of the anchor
cable of the traditional structure is greater than that of the new
structure. The main performance is: beam 1#> beam 2#> beam
3#, that is, the axial force of the anchor cable on the frame beam
shows a non-linear decrease along the slope height, with the
smallest slope at the top and the largest at the bottom. This is
slightly different from the uniform or simple linear distribution of
the anchor cable axial force assumed in the design of the frame
beam. The actual situation encountered during the centrifugal
model test must be considered, especially the difference between
the left and right anchor cable axial force changes. It may be caused
by the boundary effect. On the other hand, during the centrifugal
model test, the structural characteristics of the frame beam, the
degree of compaction, the flatness of the slope, the frame beam
material, and the specifications of the axial force sensor will have a
greater impact on the accuracy of the test data.

CONCLUSIONS

The existing centrifugal data acquisition systemhad a limited number
of channels, and it was impossible to collect test data exceeding the
number of channels in a centrifugal model test of an anchoring slope
by frame beam. In view of the above shortcomings, themulti-channel
selector was proposed, and it was debugged in the centrifugal no-load
pre-test, and it was applied in the static pressure model and
centrifugal model test. The main findings of this study are
summarized as follows.

1) A multi-channel selection module is processed and
manufactured through principle design, purchase of
components and processing circuit boards, and assembled
into a multi-channel selector. It can transform the existing
“one-to-one” collection mode into “one-to-many”.

2) In the no-load test of different centrifugal fields of 1–120 g, the
multi-channel selector operates stably, and realizes good wireless
connection and communication with the remote controller.

3) In the static pressure model test, various sensors were
connected to a multi-channel selector and then connected
to a data acquisition system. The signals of 162 sensors were
collected, stored, and displayed.

4) The multi-channel selector was successful in a 70 g centrifugal
model test of an anchoring slope by frame beam. Only 51
channels were used to effectively obtain the signals of 187
sensors. And after the comparative analysis of the measured
data, it is concluded that the force of the new structure is better
than the traditional structure.
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