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)e western part of our country is mostly alpine regions.)e rock and soil have been in a strong natural freeze-thaw environment
for a long time, and their physical and mechanical properties are easily affected by external loads and external surroundings.
Changes due to the influence of the environment will inevitably produce freeze-thaw cycles, damage and destruction, expansion
and fracture, etc., resulting in more stable factors than usual. However, there is a lack of theoretical and practical experience in
freeze-thaw rocks, especially freeze-thaw hard rocks. )erefore, studying the physical and mechanical properties and damage
characteristics of rocks in alpine regions under freeze-thaw cycles has important significance. )is paper uses dacite in the alpine
region to carry out a freeze-thaw cycle experiment in a variable temperature range. Freezing and thawing cycle test, uniaxial
compression test, triaxial compression test, and electron microscope scanning of the rock in the indoor saturated state were
carried out. Combining theory with experimental mechanics, freeze-thaw mechanics, and damage mechanics, we studied freeze-
thaw cycle in three variable temperature ranges (− 20°C–15°C; − 30°C–15°C; − 40°C–15°C), along with the physical and mechanical
properties and damage characteristics of freeze-thaw dacite in the alpine region under cycling. )e damage curve of the final
theoretical model gradually approaches 1.0 with the increase of strain during the actual test. )e rock sample after the medium
failure still has a certain bearing capacity, and the rock sample is often destroyed before it reaches the theoretical failure strain.

1. Introduction

In general, frozen soil usually contains frozen soil and frozen
rock. Frozen soil is a rock and soil with a temperature not
exceeding 0°C and containing ice on the surface [1–3]. Most
people believe that frozen soil and frozen rock coexist; in
order to make the relevant research more detailed, it is
necessary to distinguish the study of frozen soil and frozen
rock [4]. Since China’s reform and opening-up, especially in
the past two decades, we have been vigorously carrying out
strategic engineering construction and infrastructure con-
struction. For example, the frost heave of rock reservoirs in
petroleum reservoirs affects the safety of storage tanks and
the frozen and expanded cracks of traffic tunnels [5]. )e
freezing and thawing of rock slopes and even landslides, the

construction of railways and highways in high and cold
regions, the construction of West-East Gas Pipeline, the
construction of Sino-Russian oil and gas pipelines, the
construction of many deep tunnels in high and cold regions,
and the frost-thrusting of rock foundations due to freezing
and thawing are a once-in-a-lifetime opportunity for
scholars who study related content [6–9].)e alternating hot
and cold changes in the alpine region have caused the
freezing and thawing cycles of the rock mass in the freezing
and thawing environment, and the damage has brought
extremely serious impacts on a large number of engineering
constructions [10]. At present, the stability evaluation of
rock mass engineering in cold regions and the prevention
and control of freeze-thaw disasters have become crucial
scientific issues that need to be solved urgently [11–14].
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)erefore, under the premise of China’s resource
development strategy moving westward [15, 16], the
physicomechanical properties of rock under the tempera-
ture-temperature interval freeze-thaw cycle are studied,
which has very important theoretical and practical value for
resource development strategy [17, 18].

At present, there are two main types of monitoring
systems for the settlement of poles [19], namely, the incli-
nation monitoring system of the pole and tower based on the
inclination sensor and the settlement monitoring system of
the pole and the tower based on the BeiDou differential
positioning technology [20]. )e literature uses the incli-
nation sensor on the top of the pole to monitor the incli-
nation of the pole in real time, using the inclination of the
pole and tower to judge the operating status of the pole and
tower. )e settlement monitoring of the pole and tower
based on BeiDou differential positioning technology is
obtained by the front-end monitoring device through the
BeiDou terminal to obtain the position coordinates of the
pole and tower, and the settlement value of the pole and
tower is calculated through coordinate conversion. )e
cumulative effect of freeze-thaw damage keeps the elastic
modulus of the concrete constant or slightly increasing, and
the peak strain becomes smaller. )e elastic modulus loss of
concrete caused by ultralow temperature freeze-thaw cycles
has good correspondence with the peak strain increase
caused by cooling. Whether the upper limit temperature of
the ultralow temperature freeze-thaw cycle is restored to
normal temperature has little effect on the compressive
deformation performance of concrete. )e laser ranging
sensor is arranged at a distance of 2m from the tower leg to
measure the distance to the laser ranging target. )e laser
ranging sensor communicates with the monitoring host
through LoRa. When the laser ranging sensor measures the
distance between the targets, the distance value is sent to the
monitoring host through LoRa for data processing, and the
settlement value of the tower leg is obtained.)emonitoring
host sends the tower settlement data and realizes real-time
data display of the settlement value of the pole and tower leg,
so as to realize the monitoring of the settlement of the pole
and tower.

)e application of numerical simulation technology in
slope stability analysis is becoming more and more popular.
Currently, numerical simulation methods are used to sim-
ulate the freeze-thaw stability of slopes. )e mechanical
properties directly imparted to the rock after freezing and
thawing result in the calculated unstable slope being basi-
cally a freeze-thaw interface. However, this is not the case. It
is especially suitable for rock slopes with large water content
and weak structural development. )is is because the
freezing temperature of winter slopes in cold regions in-
creases with depth.)erefore, it is unreasonable to assign the
same parameters to the rock mass above the freeze-thaw
interface during the calculation, and it is unreasonable to
make calculation according to the same freeze-thaw con-
ditions. According to the temperature gradient distribution
characteristics of frozen rock layers in winter, different rock
mass characteristics are assigned, which is a problem often
overlooked in the stability analysis of slopes under the

influence. It can be seen that there are still some problems in
the application of experimental results of rock freezing and
thawing cycles in cold mining areas. )e study of rock
physical and mechanical properties under variable tem-
perature interval freeze-thaw cycles is a necessary condition
for slope stability analysis under freezing and thawing
conditions. However, little research has been done on the
physical and mechanical properties of rocks under freezing
and thawing in different temperature ranges.

In this paper, the Yingan rock in the high and cold area is
taken as the research object. )rough the simulation of
indoor rock physics, mechanics, and freeze-thaw test,
combined with the theory of experimental mechanics,
freeze-thaw mechanics, and damage mechanics, the com-
parison, statistics, and analysis of various test results are
performed. )e research summarizes the changes of rock
physical and mechanical properties under the action of
freezing and thawing cycles in variable temperature interval,
and based on the existing theoretical research on damage
mechanics at home and abroad, the corresponding pa-
rameters or variables are selected for this test setup. How-
ever, the two existing methods have their own shortcomings.
)e inclination monitoring of the pole and tower based on
the inclination sensor can only indirectly reflect the settle-
ment state of the pole and tower, cannot quantify the set-
tlement value of the pole and tower, and is limited by a single
parameter. Based on the BeiDou differential positioning
technology, the tower settlement monitoring error is too
large, about ±4.5 cm, and the base station needs to be built
during the implementation process, which is expensive and
cannot be used in a large area at present. In view of the
various problems of the existing transmission tower set-
tlement monitoring, the article proposes a distance mea-
surement based on the laser. )e online monitoring system
for the settlement of the power transmission line tower in the
coal mine goaf can directly quantify the settlement value of
the tower leg, the monitoring accuracy is high, and the error
is within ±2mm. )rough the above research, the phys-
icomechanical properties and damage characteristics of the
frozen-thawed Yingan rock in the variable temperature
interval are discussed. )e effects of the freeze-thaw factors
in the cold temperature range on the formation mechanism
of the fragmented loose rock mass in the study area are
briefly analyzed.

2. Proposed Method

2.1. Freezing and ,awing

2.1.1. ,e Concept of Freezing and ,awing. It mainly exists
in glacial action areas, high mountains, and permafrost
regions. )e process freezing and thawing causes damage to
the rock; loose deposits sway and are re-sorted to form a
variety of frozen landforms. As the seasons alternate,
freezing and thawing will occur repeatedly. During this
process, the wedge opening pressure of the water film in the
fine soil and mineral micro-cracks also changes. )is results
in the destruction of fine soils and minerals, which results in
smaller particle sizes. It is different from the so-called cold
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weathering. )e latter is caused by large cracks in the rock
and wedge opening pressure of the ice in the void. In
nonfrozen soils, the final weathering grain size of quartz is
greater than that of rock. However, in the frozen soil area,
due to cold hydration and weathering, the final weathering
particle size of quartz (0.05∼0.01mm) is smaller than the
final weathering particle size of feldspar (0.1∼0.05mm).
Another physicochemical action that occurs during repeated
freeze-thaw cycles is the agglomeration of colloids and
cosmids into microaggregates, which increases the particle
size of the rock. )e effects of the above two different di-
rections form similar results, so the content of rock powder
particles undergoing repeated freezing and thawing is greatly
increased. At the same time, a series of special cold land-
forms, namely, the ice edge, were formed. )e ecosystems of
alpine meadows and alpine swamp meadows are closely
related to the frozen soil environment. )e high ice content
and low ground temperature of frozen soil are alpine
meadows, alpine swamp meadows provide the basis for
development, and the process of soil freezing and thawing is
also obviously affected by changes in vegetation cover.When
the upper limit of frozen soil depth increases, the coverage
and biological production of alpine meadows and grasslands
are significantly reduced. Freeze-thaw effects include freeze-
thaw weathering, freeze-thaw disturbances, and freeze-thaw
mud flow.

(1) Freeze-,awWeathering. Freeze-thaw weathering refers to
the water in the cracks of the soil layer or rock formation.
When the temperature drops, the rock rises and the rock near
the crack is crushed into stones or smaller substances due to
the pressure generated by the freezing expansion. It is a very
common form of freeze-thaw action in alpine frozen soil areas.

(2) Freeze-,aw Disturbance. Freezing and thawing dis-
turbance refers to the plastic deformation phenomenon of
the soil layer structure caused by freezing and extrusion in
the active layer of permafrost.

(3) Freeze-,aw Mud Flow. )e freeze-thaw mud flow refers
to themelting of the loose soil layer when the upper portion of
the frozen soil layer is thawed. )is water-rich soil diversity is
malleable and creeps along the slope under neutral action.

2.2. Principles of Mechanics

2.2.1. Damage Mechanics. Damage mechanics is an im-
portant part of solid mechanics. It mainly studies the
macroscopic mechanical effects caused by the generation
and development of internal defects and the process and law
of material destruction. )e rock is mainly composed of
various mineral particles, pores, and cement particles in the
mountain, and there are defects such as dislocations, shear
bands, microvoids, and microcracks inside. )ese mesoscale
structures are the classic manifestations of damage. )e rock
is visible to the naked eye due to the load, and the instability
and damage are caused by the random distribution of the
internal microcracks and the macroscopic behavior caused

by the microcrack initiation, expansion, and penetration.
)erefore, the use of damage theory to study objects such as
rock with initial defects is currently recognized as the most
desirable and most effective method. Based on classification
from the perspective of research methods, damage me-
chanics include macroscopic damage mechanics, meso-
damage mechanics, and micro-damage mechanics. )e
macroscopic method is also called the phenomenological
method. It focuses on the impact of damage on the macro-
mechanical properties of the material and the damage
evolution process of the structure, without investigating the
physical background of the damage and the meso-structural
changes inside the material. )e mesoscopic method starts
from the mesoscopic structure of the material, distinguishes
different damage mechanisms, and focuses on the physical
mechanism of the damage process. )e micro method is
used to study the physical process of material damage on the
micro scale of atoms or molecules and to derive the macro
response of damage based on quantum statistical mechanics.
Among them, the mesoscopic method is based on the meso-
structure of the material, distinguishing different damage
mechanisms and focusing on the physical mechanism of the
damage process. )is method explores the nature and laws
of material damage by studying the physical processes of
meso-structural changes and adopts some mechanical av-
erage method. )e results of the mesostructured unit are
reflected in the macroscopic properties of the material. )e
meso-method mainly studies the damage evolution process
of mesostructures, such as microcracks, micropores, and
shear bands. On the one hand, it ignores the too complicated
microscopic physical process and avoids the tedious cal-
culation of microscopic statistical mechanics; on the other
hand, it contains the mesoscopic geometry of different
materials. It provides a physical background for building
damage variables and damage evolution equations. )e
phenomenological damage theory developed in recent years
is based on a mesoscopic theory of damage mechanics;
because of its macroscopic and mesoscopic studies between
methods, macroscopic modeling and constitutive relation-
ship research can also provide important help. Several
difficulties in its research are as follows:

First, how to properly define the damage of rock and
how to quantitatively describe the damage variable.)e
selected damage variable not only needs to be easily
measured in the test, but also can better reflect the
damage evolution law of rock.
Second, the establishment of the damage evolution
model. It should not only describe the commonality of
the near equilibrium state (static), but also describe the
particularity of the near-destructive state.
)ird, the correspondence between meso-damage
evolution and macroscopic mechanical properties.

2.2.2. Selection of Damage Variables. During the damage
process of the material or structure, the internal
microcracks or voids interact with each other, and there is
no isolated crack that controls the development state of
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the damage. Moreover, it is not possible to geometrically
describe all cracks, and it is not possible to determine the
stress field near the crack tip. )erefore, the mechanics
regards the region containing many scattered micro-
cracks as a local uniform field and considers the overall
effect of the crack in the field. An attempt is made to
describe the damage state of a uniform field by defining a
field variable that is irreversibly related. )is field variable
is the damage variable. A laser ranging target is installed
at the bottom of the tower leg. )e laser ranging target
consists of 2 reflectors: one is a vertical reflector, and the
installation direction is perpendicular to the ground; the
other is an inclined reflector, and the installation di-
rection is an angle of 60° formed with the ground. )e
inclined reflector and the vertical reflector form a right-
angled triangle in the same plane. After the tower has
subsided, the freedom of the tower leg is affected by the
binding force of the anchor bolt on the tower leg. In
damage mechanics, the damage variable actually acts as a
“degenerate operator,” and these damage variables with
objective statistical characteristics describe the damage
state of the material or structure. From a thermodynamic
point of view, the damage variable is actually a state
variable inside the material, which reflects the irrevers-
ibility of the material structure change.

Damage can cause changes in the microstructure of the
material and changes in some macroscopic physical properties,
so the damage variable can be selected from both microscopic
and macroscopic perspectives. )e number, length, area, and
volume of cracks can be selected at a microscopic angle; elastic
modulus, yield stress, tensile strength, density, etc. can be se-
lected from amacroscopic angle. Different damage variables can
be selected for different damage processes, and even different
damage processes can be selected for different damage variables.
Depending on the difficulty of the research object and the way
themechanics are described, the damage variable can be defined
as a scalar, vector, or tensor. For example, in the case of an
isotropic distribution of microcracks, the damage variable can
be in the form of a scalar form; for the case where the
microcracks are regularly distributed in a plane, a vector per-
pendicular to the crack can be used to represent the damage; for
the anisotropy of the microcrack, in the case of distribution, the
damage variable can take the form of a tensor. Although the
tensor indicates that the damage can more accurately reflect the
arrangement state andmechanical properties of themicrocrack,
its mathematical expression is more complicated and more
difficult in engineering applications. )e ideal damage variable
should have the following characteristics:

(1) )e description of the damage is sufficiently accu-
rate, and the description may be based on meso-
scopic properties, such as the geometry, orientation,
and configuration of the microcracks or microvoids.

(2) In order to facilitate the calculation of relevant
mathematical operations and experimental results,

experimental parameters of independent materials
must be reduced as much as possible.

(3) )e variable should have a certain physical or geo-
metric meaning.

2.2.3. Effective Stress in the Rock Mass. In the context of the
in-depth advancement of the power market reform, this
paper uses a high-proportion hydropower transmission
network as the carrier to update the market-oriented
transaction signals to update the grid expansion planning
research and proposes a high-proportion hydropower
transmission grid expansion planning model that takes into
account the electricity price signal orientation. )e plan
proposed in this paper is guided by market law signals and
takes into account the price dynamics of transaction nodes.
While promoting the consumption of hydropower re-
sources, it can effectively alleviate network pressure and
drive demand growth. System example analysis proves that
the proposed expansion planning model has increased
power grid investment income, social electricity costs, and
realized social welfare benefits. At the same time, through
the analysis of transaction signals such as network surplus,
the model can reduce some actual positioning of the grid
section, and at the same time, the different impacts on social
power consumption will be combined. Once further in-
depth research is conducted on the mathematical properties
of the actual transmission network planning problemmodel,
more practical cases will be proposed for model application.
)e water in the pores of the rock body bears or transmits
pressure, which can be called pore pressure. )e load
transmitted between the rock mass particles is called the
effective stress. )e Biot effective stress principle is generally
used in the calculation. )is principle states that the stress is
negative when the positive pressure is pulled, the pore
pressure is positive in the saturated region, and the pore
pressure is negative in the unsaturated region.

2.3. Mechanical Model of Rock Mechanics

2.3.1. Establishment of Freeze-,aw Stress Model. Since the
research in this paper is only loaded with freeze-thaw action,
the force of freeze-thaw load can be described by the
principle of strain equivalence; equivalent plastic strain is a
physical quantity used to determine the position of the yield
surface of a material after strengthening. Its calculation
formula is the same as the fourth strength theoretical cal-
culation formula for calculating equivalent stress; just
change stress into strain. What we get in the experiment is
the elastoplastic stress-strain curve of the material under
uniaxial tension. In practice, the stress state of the structure
is often the spatial stress state. When yielding, it is also the
spatial yield. We can find it by calculating the equivalent
plastic strain. )e following formula shows the equivalent
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stress corresponding to the strain state after plastic yielding
and the spatial stress state of the structure at this time:

Dm � D + Dn + DDm. (1)

In (1), Dm is the total force of freeze-thaw load, and D
and Dn are calculated separately to obtain the evolution
equation of total freeze-thaw force:

Dm � 1 −
En

Eo

exp −
1
m

E

Eo

m

 . (2)

Monitor the role of the sun acquisition node in the whole
system, establish a full coverage sensor network, complete
the wireless network, and complete data acquisition and
calculation, Collected by the tilt sensor, the calculated poles
and tower positions are searched, then collected, packaged,
and sent to the monitoring center via optical fiber or 4G
communication. )e monitoring platform has functions
such as real-time data display, trend graph analysis, remote
update and upgrade, and data statistical analysis. )erefore,
the relationship between stress and strain demonstrating the
force under the action of freezing is as shown in the fol-
lowing formula:

σ � Eo 1 − Dm( ε � En −
1
m

ε
εo

 

m

 ε. (3)

Based on the LoRa wireless transmission technology, the
wireless transmission of the sensor is realized, and there is no
need to consider the fixing of the signal line during
installation.

2.3.2. Force Evolution Equation under Rock Triaxial
Compression. )e system consists of a laser ranging sensor,
a monitoring host, and a monitoring center to form an
overall monitoring camera. In the laser ranging sensor, first a
laser diode is aimed at the target and emits laser pulses. )e
laser light is scattered in all directions after being reflected by
the target. Part of the scattered light returns to the sensor
receiver and is imaged on the avalanche photodiode after
being received by the optical system. )e monitoring dis-
tance sensor is themost direct element to collect information
on the tower leg site. Its measurement accurately determines
the accuracy of the entire monitoring system. )e moni-
toring sensor being tracked will involve the contact work of
the signal transmission line. Precautions should be taken for
equipment failure after the signal transmission line is in
contact with the environment. )e intensity probability of
the micro-element can be expressed by the following for-
mula under the action of strain:

Q(ε) �
m

α
ε
α

 
m− 1

e
− (ε/α)m

. (4)

In (4), ε represents the strain of the micro-body, and α
and m represent the control variables of the Weibull dis-
tribution. Under the action of the load, the existing fine
cracks inside the rock sample began to gradually expand
outward. )e direct function of this is to cause additional
deformation or restraint deformation of the structure.

Cumulative effect is a stimulus-response phenomenon,
which refers to a phenomenon in which the reaction time is
shortened as the stimulation time or the area of stimulation
increases when the stimulus acts on the senses. )erefore,
the force variable D in the cumulative effect of strain can be
expressed by the following equation:

D(ε) � 
ε

0
Q(ε)dε � 1 − e

− (1/m)(ε/ε0)m

. (5)

In (5), the parameter ε represents the strain of the rock
sample. Usually, we can also determine the control variable
of the Weibull distribution through the stress-strain rela-
tionship of the material and then calculate the distance to be
measured. According to the ranging principle of the laser
ranging sensor, the STM8S207 with a 32-bit positioning
interface and a three-level architecture is selected. )e main
control chip realizes the system call by controlling the power
module and sends the processed laser ranging sensor data to
the monitoring host. It can be known from formula (3) that
the three-dimensional damage constitutive model of the
rock sample can be expressed by the following formula:

σ � (1 − D) C0( 
− 1

: ε. (6)

In (6), σ represents the stress tensor, ε represents the
strain tensor, and C0 represents the flexibility tensor of the
rock sample. Using equal confining pressure triaxial com-
pression, we select σ2 � σ3, ε2 � ε3, and then the rock sample
under equal confining pressure conditions can be calculated
according to (5) and (6), as shown in the following formula:

σ1 � Eε1e
− (ε/α)m

+ 2υσ3. (7)

In (7), the elastic modulus of the rock sample is rep-
resented by E and the Poisson’s ratio is represented by υ.

To determine the control parameter and m, you must
rely on the stress-deformation rate relationship curve
mentioned earlier and determine these two parameters
according to the conditions. Under the condition that the
determination mode is already known, if the parameters α
and m are only functions of confining pressure, the result
can be obtained as the following equation:

m �
εf − (1 − 2υ)σ2/E

εfIn Eεf/σf − 2υσ2 
,

α � εf − (1 − 2υ)σ2/E(  
mεf

εf − (1 − 2υ)σ2/E( 
 

1/m

.

⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

(8)

2.3.3. Establishment of Rock Damage Model. )e load
subjected to freezing and thawing is represented by (1) in the
total damage. )e two-stage total damage under load is
calculated, and the load subjected to freeze-thaw under
triaxial compression is calculated as in the following
formula:
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Dm � 1 −
En

E0
exp

ε1
α

 
m

 . (9)

Equation (9) can indicate the damage caused to the rock;
after the correction is successful, the timer is turned on, and
the device automatically enters the low battery mode; m
represents the voltage transformation function. When the
monitoring host receives the request data command from
themonitoring center or the timer reaches 4 h, the edge node
will send a power controller to turn on the sensor. After
turning on the sensor power, the laser ranging sensor will
collect the distance to the laser ranging target. )e moni-
toring host computer calculates the tower settlement value
according to the above-mentioned tower settlement calcu-
lation method. )e tower settlement value is packaged and
sent to the monitoring center. After the process is over, the
monitoring device enters the low power consumption mode
and waits for the next request command or the next timing
period.

σ1 � E0 1 − Dm( ε1 � En exp
ε1
α

 
m

 ε1. (10)

Among them, Dm is calculated by (9). It can be known
from (9) that if the time calibration of both parties is suc-
cessful, the timer will be turned on and the device will
automatically enter the low power consumption mode.
When the monitoring host receives the request data com-
mand from the monitoring center or the timer reaches 4 h,
the edge node will send a power controller to turn on the
sensor. After turning on the sensor power, the laser ranging
sensor will collect the distance to the laser ranging target.
)e monitoring host computer calculates the tower settle-
ment value according to the above-mentioned tower set-
tlement calculation method. )e tower settlement value is
packaged and sent to the monitoring center. After the
process is over, the monitoring device enters the low power
consumption mode and waits for the next request command
or the next timing period.

3. Experiments

3.1. Temperature-Dependent Interval Freeze-,awMechanics
Experiment. Firstly, the saturated water absorption rate of
the rock sample and the wave velocity of the longitudinal
wave were detected, and eight rocks with different indexes
were selected as samples. It is understood that the tower
precipitation monitoring method was designed, the tower
settlement monitoring device was designed, and the Xi’an
monitoring device was installed on the 110 kV transmission
tower of the university of engineering to test the perfor-
mance of the system. )e tower legs are lifted by a hydraulic
jack at an amplitude of 5mm/time to simulate the topog-
raphy of the tower. Due to the limitations of the experi-
mental platform, the tower can only be lifted up to 70mm.
An upward reflector and a curved reflector are installed at
the bottom of the tower, and the laser ranging position is 2m
away from the telescope’s ranging target. )e real-time
collection of the distance from the laser to the target can
calculate the pixel value of the tower. )e sample was

saturated with water by a vacuum pumping method, with a
vacuum pressure of 100 kPa and pumping time of 4 hours,
and then immersed in water for 12 hours. )e experimental
equipment includes vacuum water storage equipment, rock
mechanics testing machine, low temperature box, and
electric blast drying oven.

3.2. Freeze-,aw Cycle Experiment. Online monitoring
system was used for transmission line measurement in coal
mine goaf based on laser ranging sensor. Compared with the
transmission tower azimuth monitoring system based on
inclination sensor, the laser ranging method can directly
measure and analyze the field measurement of the tower
without calculation. Since the height of the tower is known,
there is no need to be limited by parameters. )e specific test
plan is set as follows:

(1) Set the rock freezing temperature to − 40°C; that is,
the freezing and thawing interval is − 40°C–15°C.

(2) )e experiment was set to 10 hours for a freeze-thaw
cycle. Compared with the above-mentioned moni-
toring method, the online monitoring system of the
power transmission line tower site in the coal mining
area based on the laser distance sensor only needs to
determine the environmental value of the tower
through the geometric shape. )e data processing
method is simple and quick, and it will not be within
±2mm.

(3) )e online monitoring system for power transmis-
sion line analysis based on laser ranging sensor has
high measurement accuracy and data realization
ability. )e tower position monitoring system based
on BeiDou positioning needs to perform multiple
conversion calculations on the tower coordinates to
obtain the analysis information of the tower, with a
value of about ±4.5 cm.

(4) Put the rock sample into the water for 12 hours.

4. Discussion

4.1. Analysis of Freezing and,awing Experiment in Variable
Temperature Intervals

4.1.1. Saturated Maximum Water Storage and Conversion
Rate. In this paper, 20 freeze-thaw experiments were carried
out successively, and then the quality of the dryness and
water saturation of the Yingan rock samples was measured.
)en, the saturated maximum water storage and conversion
rate of rock samples in different temperature intervals after
different moving times are calculated, as shown in Figures 1
and 2 (the average value of the initial density of the Yingan
rock used in this paper is 2.631 g/cm3). It can be seen from
the figure that the saturated maximum water storage and
conversion rate of rock samples with a lower temperature
limit of − 20°C are generally lower, and the saturated water
absorption rate begins to stabilize when it rises to 0.27%.)e
mass loss rate also began to stabilize after the eighth freeze-
thaw experiment. )e biggest change was for the group with
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a temperature of − 40°C, but the saturated maximum water
storage and conversion rate were only 0.345% and 0.128%.
)erefore, on the whole, the saturated maximum water
storage and conversion rate of Yingan rock are not too large.

4.1.2. Analysis of Mechanical Properties. )e residual micro-
strain value of the specimens with different crack elongation
is close. As the number of freeze-thaw cycles increases, the
residual micro-strain value has an increasing trend, but the
increase is much smaller than that of the cracked water-filled
sample as shown in Table 1. )e typical stress-strain curve
measured after the test is shown in Figure 3. )e installation
and operation of the online monitoring system for the
settlement of transmission lines in the goaf of coal mines
based on laser ranging sensors are very convenient. )e laser
ranging target only needs to be arranged at the bottom of the
tower leg, and the laser ranging sensor is arranged on the
distance to the laser ranging target. )e target is within 3m.
)e inclinationmonitoring system of the transmission tower
based on the inclination sensor requires the sensor to be
arranged at the top of the tower and 2/3 of the height of the
tower, which is difficult to install. )e transmission settle-
ment monitoring system based on the BeiDou differential
positioning of the tower requires the establishment of base

stations and installation monitoring on the top and bottom
of the tower. )e station is very large and expensive. By
analyzing the image, the stress-strain curve obtained by the
three sets of rock samples is not particularly large in this
experiment. In the group of experiments with low tem-
perature limit after 20 freeze-thaw cycles, the stress-strain
curve compaction phase of the sample was relatively
extended.

4.2. Analysis of Damage Caused by Freezing and ,awing of
Yingan Rock. As shown in Figure 4 (n indicates the number
of freeze-thaw cycles), when the freeze-thaw damage is
infinitely close to 1.0, the strain values of the Yingan rock
samples are not much different, about 0.074. )e mea-
surement results of the tower unit based on the laser ranging
method are basically consistent with the results measured by
the electronic latitude and longitude monitor, which proves
that the on-site monitoring system of the goaf pole and
tower based on the laser distance measurement method can
be applied to the monitoring of the tower unit in the goaf. In
the current online monitoring system for power transmis-
sion towers, the power transmission tower goaf monitoring
system based on laser ranging sensors has the advantages of
being able to directly measure the tower site values, high
measurement accuracy, and fast data processing speed. )e
damage of the Yingan rock sample is mainly caused by the
damage caused by uniaxial compression.

Parameters of Yingan rock sample 0 and parameter m
are the same as those in Figure 5 and are different according
to the number of freeze-thaw cycles. When the host power is
turned on and initialized, the monitoring host will send a
time correction command to the monitoring center. If the
time calibration prompt reply indicates that the time cali-
bration has failed, the monitoring host will continue to send
request to the monitoring center. If the time calibration fails
for 3 consecutive times, this proves that there is a com-
munication failure between the monitoring host and the
monitoring center. )e monitoring center requires techni-
cians to perform maintenance.

0.14

0.23
0.27 0.28 0.29 0.3

0.14

0.25
0.28 0.3 0.31 0.325

0.14

0.26
0.31 0.33 0.34 0.35

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4

0 4 8 12 16 20W
at

er
 ab

so
rp

tio
n 

sa
tu

ra
tio

n 
(%

)
Freezing and thawing times

’-20°C
’-30°C
’-40°C

Figure 1: Rock sample water saturation rate.
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Table 1: Experimental results before and after freezing and thawing.

Lower temperature limit°C Uniaxial compressive
strength (average) (MPa)

Modulus of
elasticity (average) (GPa) Poisson ratio

Before experiment 120.17 44.98 0.18

Posttest
− 20°C 100.67 39.58 0.2
− 30°C 91.43 35.14 0.21
− 40°C 83.08 30.25 0.24
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Figure 4: Damage curve of Yingan rock under freezing and thawing conditions.
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5. Conclusions

)is paper takes the Yingan rock in the high and cold area as
the research object; simulates indoor petrophysical, me-
chanical, and freeze-thaw tests, combined with the theory of
experimental mechanics, freeze-thaw mechanics, and
damage mechanics; and then compares the test results.
)rough statistics and analysis, the research summarizes the
changes of rock physical and mechanical properties under
variable temperature interval freeze-thaw cycle, and based
on the existing domestic and international theory of damage
mechanics, the corresponding parameters are introduced for
this test. We select appropriate mechanical correlation
criteria and establish a constitutive model of the frozen-
thrust damage of the intact Yingan rock mass. )e exper-
imental results show that the mass loss rate, saturated water
absorption rate, and peak strain of rock samples increase
with the decrease of the lower limit of temperature. To sum
up, it can be seen that freeze-thaw factors in high and cold
areas have relatively limited freeze-thaw damage and de-
terioration of fresh dacite. )e formation of a large number
of fragmented loose rock masses in the study area is mainly
due to the initial adjustment of the rock mass by the release
of the unloading stress of the valley undercutting and is
affected by the formation of rock. It is the result of com-
prehensive influences such as rock mass structure, plateau
freezing and thawing weathering, and in situ stress.
)erefore, the cold- and frost-resistant design of the dacite
zone should also consider the influence of the following
factors: the degree of early weathering and fragmentation of
the local rock mass; the unloading and in situ stress.
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