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In this study, the self-developed grouting mold was used to study the heat release characteristics of different density polymer
grouting material under different temperature conditions. 2e spatial distribution characteristics of the frozen soil subgrade
temperature field under the effect of polymer grouting repair were analyzed. Further, the rules governing the temperature change
of a frozen soil subgrade monitoring point under the effect of polymer grouting repair were studied. 2e heat transfer mechanism
of polymer grouting material in frozen soil subgrade was revealed. 2e results showed that in the void region of the frozen soil
subgrade, a discontinuity zone appeared in the temperature field distribution isotherm due to the effect of voids; this zone
exhibited a layered radioactive distribution along the two sides of the void area. Furthermore, during the exothermic stage of the
curing reaction, the temperature distribution isotherms changed from a layered radioactive distribution to a ring distribution that
decreased from the inside to outside. During the natural cooling process, the peripheral temperature of the ring isotherm first
decreased and a negative temperature ring-shaped isotherm gradually formed. Finally, the upper boundary of the influence of the
heat energy released by the curing reaction on the frozen soil subgrade temperature field was determined to be 30 cm, and the
lower boundary was 20 cm.

1. Introduction

Permafrost accounts for 23% of the total land area in the
world. At present, numerous highway projects have been
built in permafrost regions [1–3]. As a road bearing
foundation, frozen soil subgrade contains a large number of
ice crystals with different structures. Uneven settlement
occurs readily due to freeze-thaw effects and negatively
impacts road traffic safety. In recent years, many scholars
have studied the laws governing the temperature variation
and stability of frozen soil subgrades. Yu et al. [4] studied
the heat transfer characteristics of a sand-filled embank-
ment using numerical simulation methods and revealed the
rules governing the embankment temperature variations.
Based on survey data, Han et al. [5] analyzed the degree of

influence of factors such as subgrade height, pavement
width, water content, and average annual temperature on
the thermal stability of frozen subgrade. Zhang et al. [6, 7]
monitored frozen soil subgrade temperatures for up to three
years and proposed an empirical model that accounted for
factors such as the average temperature, amplitude, and
phase difference and analyzed the mechanism of subgrade
frost heave development in detail. Liu et al. [8] conducted
indoor water migration simulation experiments under
freeze-thaw cycling and determined the mechanism of
water migration during freezing. Current research supports
the conclusion that, in areas of frozen soil, changes in the
temperature field will cause frost heaving and thawing
damage to the frozen soil subgrade, which is one of the
primary causes of embankment instability. Chai et al. [9, 10]
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studied the microstructure of soils improved with cement
and additives under constant loading and variable tem-
perature conditions to determine how to improve the en-
gineering properties of frozen soil and prevent uneven
settlement. Mechanisms to improve frozen soil compress-
ibility and thaw settlement performance were also revealed.
Lvanov and Korotkov [11] used granular glass-ceramic
foam material as an antifreeze layer and analyzed the
principles of frozen soil subgrade temperature changes. Liu
et al. [12] used numerical software to establish a model of
the frozen soil subgrade of the Qinghai-Tibet Plateau to
analyze the rules governing the deformation of the subgrade
with and without loading. Zhang and Zhang [13] conducted
an experimental study of the characteristics of moisture
migration in frozen soil subgrades protected by gravel piles
and concluded that gravel piles could effectively prevent the
water level from rising, thereby controlling the soil freezing
process and improving the bearing capacity of the subgrade.
Based on field inspection data, Li et al. [14] analyzed the
influence of gravel, ventilation, and the thermal insulation
of the embankment on the temperature fields of frozen soil
subgrades and revealed the embankment deformation
characteristics of three soil layers. Huang et al. [15] used the
unascertained measurement theory to establish a model to
evaluate frozen soil subgrade stability and analyzed the
effects of temperature stability on the subgrade.

In summary, previous research has primarily sought to
improve frozen soil subgrade stability by adjusting the heat
exchange conditions between the subgrade and the atmo-
sphere, such that the internal temperature field would be in a
balanced state. However, the thawed layer thicknesses of
frozen soil continue to increase under the combined effects
of climate warming and long-term vehicle loading. 2is can
cause void damage due to uneven settlement and defor-
mation of the frozen subgrade. Cement grouting is tradi-
tionally the primary method for repairing uneven subgrade
settlement. Although the grout can fill loose areas of the
subgrade and improve its strength, the material itself is not
expansible and cannot raise the subsided pavement. Further,
cement grouting requires a long construction period,
resulting in traffic impacts due to construction traffic
control.

In recent years, due to the expansibility of polymer
grouting material, it quickly achieves design strength and
can fill subgrade void regions and lift subsided pavement.
2erefore, it is widely used to repair the uneven settlement
deformation of subgrades. However, the heat energy re-
leased by the polymer curing reaction affects the internal
temperature field of the frozen soil subgrade. 2erefore, in
this study, a self-developed grouting mold was used to study
the heat release characteristics of polymer grouting material
with different densities and different temperatures. 2en,
according to the engineering practice of nonuniform set-
tlement of frozen soil subgrade, a numerical analysis model
was established to study the temperature variation law of
polymer grouting material in the process of filling frozen soil
void and revealed the heat transfer mechanism of polymer
grouting material in frozen soil subgrade. 2e results could
provide theoretical support for the repair of the void damage

caused by uneven settlement and the subgrade deformation
of frozen soils.

2. Analysis ofVoidDamage inField Engineering

Figure 1 shows the uneven settlement of frozen soil subgrade
due to void damage. 2e roads constructed in frozen areas
are primarily black asphalt pavement structures, which are
more sensitive to the temperature field of the frozen soil
subgrade. 2e black asphalt pavement increases the solar
radiation absorption rate, which is converted into heat
energy and is transferred downward such that the heat
absorbed by the subgrade gradually increases. Further, the
closed structure of the asphalt pavement hinders the process
of heat dissipation from the subgrade surface, inhibiting the
effective release of heat generated inside the subgrade and
changing the equilibrium condition of the heat exchange
between the frozen subgrade and the atmosphere.

Annually, the total heat absorbed by a frozen subgrade
will be higher than the heat released due to the influence of
seasonal temperature variations and the thermal conditions
previously described. 2erefore, the temperature inside the
frozen soil subgrade is accumulatively increased, and some
ice crystals melt into liquid water, forming a basin-shaped
melting area inside the subgrade. Over time, this area
gradually expands, and the tensile stress of the soil above it
gradually increases. When the tensile stress is greater than
the cohesive forces between the soil bodies, voiding damage
occurs, leading to a significant reduction in the subgrade
bearing capacity. Under the long-term effect of vehicle loads,
the upper boundary of the void area simultaneously bears
the weight of the soil above it and the compressive effect of
vehicle loading, generating tensile stress in the horizontal
direction. With the continued increase in tensile stress,
longitudinal cracks will gradually appear in frozen soil
subgrade, resulting in uneven settlement deformation
damage. 2e continuous effect of the vehicle loads and the
influence of rainfall and other atmospheric factors even-
tually results in slope instability and landslide, as shown in
Figure 2.

3. Material and Methods

3.1. Polymer Grouting Material. Polyurethane polymer
grouting material is mainly composed of polyisocyanate,
polyether polyol, a foaming agent, a catalyst, a foam sta-
bilizer, and various other additives. 2e exothermic curing
reaction primarily consists of gel and foaming reactions
[16–18]. 2e gel curing reaction occurs between the poly-
isocyanate -NCO groups and the polyol -OH groups; the
foaming reaction results from the reaction of the poly-
isocyanate -NCO groups and H2O to form CO2 and urea.
2e reaction principle is shown in Figures 3 and 4.

3.2. Test Equipment

3.2.1. Grouting System. 2e vehicle-mounted polymer
grouting integrated equipment used in the test mainly in-
cludes a pressure-supply device, a grouting pipe, a grouting
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gun, and a toolbox for cleaning the grouting equipment
regularly. As shown in Figure 5, the self-developed grouting
mold is shown in Figure 6. 2e inner diameter of the mold is
120mm, the outer diameter is 132mm, the height is
150mm, and the thickness of the flange plate is 20mm.

3.2.2. Data Monitoring Equipment. Figure 7 shows the data
monitoring equipment used in the test. Data monitoring
equipment includes temperature sensor, temperature col-
lector, and data processing system. 2e measurement range
of the temperature sensor is −200°C∼300°C, and the al-
lowable error range is ±(0.15 + 0.002|t|)°C. 2e data mea-
sured by the temperature sensor of the long probe are used to
indicate the core temperature of the polymer grouting
material, and the data measured by the short probe are used
to indicate the surface temperature. 2e reaction tempera-
ture test in the curing stage of the polymer grouting material
was carried out under the conditions of −10°C, 0°C, 10°C,
20°C, and 30°C.

3.3. Numerical Analysis

3.3.1. Numerical Model. According to the actual engineering
damage profile shown in Figure 1, a typical area of frozen soil
subgrade structure with a width of 10mwas selected to study
the influence of polymer grouting material on the tem-
perature field of the frozen soil subgrade. 2e roadway
structure consisted of (from top to bottom) a 4 cm AC-13
SBR-modified asphalt upper layer, 5 cm AC-16 unmodified
asphalt under layer, 8 cm cement-stabilized macadam base,
18 cm cement-stabilized gravel base, 20 cm graded gravel
cushion, and 2.35m gravelly soil fill. Below the ground
surface, there were 1.5m gravel soil, 2.5m gravel and clay
silt, and 6m silty clay. In ABAQUS, a numerical model was
established by first establishing components of different
subgrade structural layers and then performing assembly
operations. 2e resulting two-dimensional numerical
analysis model is shown in Figure 8.

3.3.2. 2ermodynamic Parameters of Polymer Material.
Soil is a three-phase body composed of solid particles, liquid
water, and gas. In frozen soil, part of the liquid water in the

soil freezes into ice crystals (i.e., transforms into its solid
phase) due to the influence of the low-temperature envi-
ronment. 2erefore, frozen soil is a multiphase medium
composed of organic matter, solid particles, liquid water, ice,
and gas. 2e gas content of frozen soil is relatively small; by
ignoring the influence of gas on the specific heat capacity of
the frozen soil, the specific heat capacity of the frozen and
thawing soils can be defined according to the following
formulas [19–23]:

Cf �
Cdf + W − Wu( 􏼁Ci + WuCW

1 + W
, (1)

Cu �
Cdu + WCw

1 + W
ρ, (2)

where Cu and Cf are the specific heat capacities of the melted
and frozen soil, respectively; Cdu and Cdf are the specific heat
capacities of the melting and frozen soil skeletons, respec-
tively; Ci and Cw are the specific heat capacities of ice and
water, respectively; W and Wu are the total and unfrozen
water contents of the soil, respectively; and ρ is the natural
density of the frozen soil. In the temperature field simula-
tion, the asphaltic surface layer material was taken to be a
viscoelastic material, and the other layers were linear elastic
materials. 2e road structure layers were assumed to be in
complete contact, and the temperature and heat flow
changes between the layers were assumed to be continuous
and uninterrupted [24,25]. 2e thermal properties of each
layer are shown in Tables 1 and 2.

3.3.3. Boundary Conditions

(1) Solar Radiation Conditions. Solar radiation is the primary
source of the earth’s light and heat energy and causes the
redistribution of the temperature field in a frozen soil
subgrade. 2e daily variation in solar radiation q(t) can be
approximated using the following function [26–28]:

q(t) �

0, 0≤ t< 12 −
c

2
, 12 +

c

2
< t≤ 24,

q0 cos mw(t − 12), 12 −
c

2
≤ t< 12 +

c

2
,

⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

(3)

where qo is the maximum radiation at noon, q0 � 0.131mQ,
where m � 12/c; Q is the total solar radiation in one day, J/
m2; c is the effective light hours, h; and ω is the angular
frequency, rad.

Formula (3) is a piecewise function with jump discon-
tinuities. Because the temperature field distribution in the
frozen soil subgrade is continuous, Formula (3) can be
expanded into a continuous cosine trigonometric form
based on the principle of Fourier series correlation [29–32],
as shown in Formula (4). In this calculation, the order k can
be set as 30 to meet engineering accuracy requirements.

q(t) �
a0

2
+ 􏽘
∞

k�1
ak cos

kπ(t − 12)

12
, (4)

where a0 � (2qo/mπ);

Figure 1: Typical damage resulting from a frozen soil subgrade.
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Figure 2: Mechanisms of the formation of uneven frozen soil subgrade settlement.
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Figure 5: Vehicle-mounted polymer grouting integrated system.
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Figure 8: Two-dimensional numerical analysis model.

Table 1: 2ermal properties of the subgrade materials.

Parameters AC-13 SBR-modified
asphalt

AC-16 unmodified
asphalt

Cement-stabilized
macadam

Cement-stabilized
gravel

Polymer grouting
material

Density ρ (kg/m3) 2291 2316 2374 2340 250
Specific heat capacity C
(J/(kg·°C)) 1124 917 1127 1141 1500

2ermal conductivity λ
(W/(m·°C)) 3.780 4.356 4.572 4.320 0.146

1 2
3 4

6

5

7

120 mm
132 mm

150 mm

Figure 6: Grouting mold. (1) Bolt; (2) vent hole; (3, 6) temperature sensor; (4) grouting hole; (5) reaction vessel; (7) flange plate.
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Figure 7: Data monitoring system.
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π
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π
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(5)

(2) Temperature and Convection Heat Exchange Conditions.
Under the influence of solar radiation, the atmospheric
temperature changes periodically from day to night. In fewer
than ten hours, the temperature changes from the daily
minimum (approximately 04 : 00–06 : 00) to the daily
maximum temperature (approximately 14 : 00), meaning
that 14 or more hours are required to change from the
highest to the lowest temperature [33]. 2erefore, a linear
combination of two sine functions is required to simulate the
daily temperature change process, as shown in the following
formula:

Ta � Ta + Tm 0.96 sin ω t − t0( 􏼁 + 0.14 sin 2 ω t − t0( 􏼁􏼂 􏼃,

(6)
where Ta is the average daily temperature; Tm is the daily
temperature change Tm � (1/2)(Tmax

a − Tmin
a ); Tmax

m and
Tmin

m are the daily maximum and minimum temperatures,
respectively;ω is the angular frequency,ω � π/12, rad; and t0
is the initial time. 2e time difference was set to be 2 h and
t0 � 9 h to represent typical conditions.

Black asphalt pavement is exposed to the environment,
and the wind speed affects the heat exchange between the
pavement and the atmosphere. 2e relationship between the
heat exchange coefficient hc and wind speed Vw is linear.

hc � 3.7vw + 9.4, (7)

where hc is the heat exchange coefficient and Vw is the
average daily wind speed, m/s.

(3) Pavement Effective Radiation Conditions. Black asphalt
pavement increases the absorption rate of solar radiation
[34, 35]. 2erefore, the boundary conditions of the effective
ground radiation can be defined as

qF � εσ T1|z�0 − Tz( 􏼁
4

− Ta − Tz( 􏼁
4

􏽨 􏽩, (8)

where qF is the effective radiation on the ground,W/(m2·°C);
ε is the emissivity (blackness) of the road surface, generally
0.81 for an asphalt road surface; σ is the Stefan–Boltzmann
constant (i.e., blackbody radiation constant), 2.014e−4 J/
(m2·h·K4); T1|z�0 is the road surface temperature, °C; Ta is
the atmospheric temperature, °C; andTz is the absolute zero,
°C, Tz � −273°C. Statistical analyses and calculations were
performed based on the relevant data obtained for the

Qinghai-Tibet Plateau in January. 2e boundary condition
parameters used in this study are shown in Table 3.

4. Results and Analysis

4.1. Law of Temperature 2reshold Change. Figure 9 shows
the change rule of the center and surface temperature
threshold of the polymer grouting material in the mold
grouting test. It can be seen from Figure 9 that the center
temperature is significantly higher than the surface tem-
perature. 2e central temperature and surface temperature
threshold of polymer grouting materials increase with the
increase in density. 2e increase in the center temperature is
larger than that of the surface temperature. In addition, the
threshold values of the center temperature and the surface
temperature of the polymer grouting materials decrease with
the decrease in the ambient temperature.

4.2. Simulation of the Heat Conduction Process. 2e nu-
merical analysis model shown in Figure 8 was meshed in
consideration of the calculation time and accuracy require-
ments. DC2D3 three-node linear heat transfer triangular
elements were used for the slopes on both sides of the sub-
grade, and DC2D4 four-node linear heat transfer quadrilat-
eral elements were used for the other structural layers. 2e
numerical analysis model aftermeshing is shown in Figure 10.
In the numerical analysis model, the solar radiation boundary
conditions were defined using the Loadmodule, by calling the
DFLUX subroutine written in the Fortran computer lan-
guage. 2e temperature and convection heat exchange
boundary conditions were defined using the Interaction
module, by calling the FILM subprograms, which were also
written in Fortran. 2e surf radiation module defined the
pavement effective radiation boundary conditions.

4.3. Initial Temperature Field. For this study, according to
the core sample results obtained on the road, a rectangular
void region of 200×1 cm was set between the base layer and

Table 2: 2ermal material properties of the foundation.

Parameters Gravelly soil fill Gravelly soil Gravel and clay silt Silty clay
Density ρ (kg/m3) 2000 2100 2340 2080
Specific heat capacity of frozen soil Cf (J/(kg·°C)) 852 895 983 1200
Specific heat capacity of melted soil Cu (J/(kg·°C)) 1020 996 1220 1370
2ermal conductivity of frozen soil λf (W/(m·°C)) 1.985 2.26 1.32 1.85
2ermal conductivity of melted soil λu (W/(m·°C)) 1.916 1.98 0.95 1.36

Table 3: Boundary condition parameters.

Time January
Total daily solar radiation (MJ/m2·d−1) 10
Solar radiation absorption rate 0.9
sDaily sunlight (h) 6.38
Daily maximum temperature (°C) −8.4
Daily minimum temperature (°C) −23.4
Daily average temperature (°C) −16.7
Daily average wind speed (m/s) 5.17
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the cushion of the numerical model at a depth of 45 cm from
the road surface. In the numerical model, input the thermal
property parameters in Tables 1 and 2 into the corre-
sponding structural layer materials. 2en, the initial tem-
perature field of subgrade was obtained by steady-state
calculation. 2e initial temperature fields of the frozen soil
subgrade models with and without void damage are shown
in Figure 11.

Figure 11 shows that the initial temperature field dis-
tribution of the two subgrade types had similarities and
differences. 2e minimum temperature of the ground sur-
face of both subgrades was –15°C. As the depth increased,
the temperature of the subgrade gradually increased,
reaching the maximum temperature of 6°C at 0.5m below
the ground surface. 2e temperature of the subgrade then
decreased gradually with depth, and the entire model had a
continuous layered distribution characteristic. In contrast,
under the influence of the void effects, the temperature field
distribution isotherm displayed a discontinuity zone in the
void region of the frozen soil subgrade and presented ra-
dioactive distribution characteristics along both sides of the

void region. 2ese observations are explained by the void
region of the frozen subgrade being full of air. Due to the
effect of the freeze-thaw cycle, the humidity of the air was
relatively high, and its thermal conductivity was significantly
different from that of the surrounding soil. 2erefore, the
heat conduction process in the void region had a discon-
tinuity, ultimately leading to a discontinuous temperature
distribution curve in this area.

4.4. Frozen Soil Subgrade Temperature Field Spatial Distri-
bution Characteristics during Polymer Grouting Repair.
Figures 12–14 show the temperature field spatial distri-
bution characteristics under the effect of the polymer
grouting repair. Figure 12 shows that the temperature
threshold of the polymer grouting material in the void
region of the frozen soil subgrade could be as high as 90°C.
2e curing reaction of the polymer grouting material re-
leased heat energy, which caused the temperature of the
subgrade near the void region filled by the grout to increase
continuously and resulted in the observed ring-shaped
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Figure 9: Temperature threshold of polymer grouting material: (a) central temperature and (b) surface temperature.

Figure 10: Meshing of the numerical model.
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isothermal distribution. 2e temperature decreased from
81.25°C to 2.52°C from inside to outside the modeled
structure. Figure 13 shows that when the central temper-
ature of the polymer grouting material decreased to 60°C,
the temperature threshold of the subgrade around the
grout-filled void region decreased from 81.25°C to 53.58°C.
2e temperature of the annular isotherm decreased from
53.58°C to –4.18°C from the inside to the outside, at which
time the temperature of the subgrade around the void
region was negative, but the ring isotherm remained
positive. As shown in Figure 14, when the central tem-
perature of the polymer grouting material decreased to
14°C, the temperature threshold of the subgrade around the
grout-filled void region was only 11.75°C, which was 86%
lower than the maximum temperature of 81.25°C. 2e
temperature of the annular isotherm decreased from
11.75°C to –9.33°C from inside to outside; concurrently,
negative values appeared around the outer ring isotherm,
and negative temperature isotherms formed.

Analysis of the spatial distribution characteristics of this
temperature field revealed that the temperature of the frozen
soil subgrade around the void region increased continuously
due to the release of heat energy from the curing reaction.
2e ice crystals absorbed the heat, melted into liquid water,
and absorbed the heat transferred from the polymer
grouting material to the surrounding areas. 2is led to the
isotherm around the void region changing from a layered
radioactive distribution to a ring distribution that decreased

from inside to outside. Locations further from the void
region were less affected by the release of heat energy caused
by the grout curing. Radioactive isotherms remained around
the annular temperature field. 2e center temperature of the
polymer grouting material began to gradually decrease after
reaching its maximum due to the effects of the ambient
temperature. During this process, the temperature of the
outermost layer of the ring-shaped isotherm first began to
decrease and then gradually formed a ring-shaped negative
temperature isotherm. As the cooling process continued, the
range of influence of the thermal energy released by the
grout curing on the subgrade temperature field decreased
further.

4.5. Time-Varying Temperature Changes in the Monitoring
Points of the Frozen Subgrade during Grouting. In the nu-
merical analysis model of frozen soil subgrade, 13 tem-
perature monitoring points with an interval of 2.5 cm were
evenly arranged above the center of the void region, and nine
temperature monitoring points with an interval of 2.5 cm
were evenly arranged below the center of the void region.
Figures 15 and 16 show the temperature changes of the
monitoring points with time. It can be seen from Figure 15
that the temperatures of the monitoring points located at
0.0 cm, 2.5 cm, 5.0 cm, 7.5 cm, 10.0 cm, 12.5 cm, and 15 cm
above the center of the frozen soil subgrade void region were
significantly affected by the heat energy released by the
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Figure 11: Initial temperature field distribution (a) without void damage and (b) with void damage.
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Figure 12: Temperature field distribution characteristics of the polymer grouting material at the maximum central temperature.
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Figure 13: Temperature distribution characteristics of the polymer grouting material when the central temperature decreased to 60°C.
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Figure 15: Temperature change over time at the monitoring points above the center of the frozen soil subgrade void region.
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Figure 14: Temperature field distribution characteristics of the polymer grouting material when the central temperature decreased to 14°C.
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Figure 16: Temperature change over time at the monitoring points below the center of the frozen soil subgrade void region.
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polymer grouting material. Among them, the temperature
change was the largest at the monitoring point at 0.0 cm,
rising to 89.5°C relatively quickly, while the highest tem-
perature at the monitoring point at 2.5 cm was only 32.5°C.
2e temperature changes of the other six monitoring points
were less affected by the heat released by the polymer.
Among them, the temperature of the monitoring point at
30 cm was essentially unchanged. Figure 16 shows that the
temperatures of the monitoring points located at –0.0 cm,
–2.5 cm, –5.0 cm, and –7.5 cm under the center of the void
region were substantially impacted by the heat energy re-
leased by the polymer grouting material. Among them, the
temperature of themonitoring point at 0.0 cm rose rapidly to
89.2°C, while the highest temperature of the monitoring
point at –2.5 cm was only 21.5°C. 2e temperature changes
of the other five monitoring points were less affected by the
heat released by the polymer, and the temperature of the
monitoring point at –20 cm was relatively unchanged.

Comparing Figures 12 and 13 shows that the monitoring
points at 0.0 cm and –0.0 cm were located on the critical
planes of the upper and lower sides of the void region of the
frozen subgrade, respectively. 2erefore, the maximum
temperature of the two monitoring points was consistent
with the temperature threshold of the curing reaction. 2e
temperature threshold of the monitoring point at 2.5 cm was
32.5°C, which is 11°C higher than the 21.5°C observed at
–2.5 cm. Comparing the monitoring point temperatures
over time reveals that the temperature of the frozen soil
subgrade located above the void region changed drastically
due to the effect of the heat energy released by the polymer
grouting material. 2e temperature at the monitoring points
at 30 cm and –20 cm remained virtually unchanged.
2erefore, the upper and lower boundaries of the influence
range of the heat release reaction could be considered to be
30 cm and 20 cm, respectively.

5. Conclusions

In this study, firstly, the influence of void damage on the
temperature field of frozen soil subgrade was analyzed.2en,
the heat transfer characteristics between polymer grouting
material polymerization heat release and frozen soil sub-
grade were studied. Finally, the influence range of polymer
grouting material polymerization heat release on the tem-
perature field of frozen soil roadbed was clarified. 2e
conclusions are as follows:

(1) 2e temperature field inside the frozen soil subgrade
had a continuous layered distribution. However, in
the void region, the temperature field distribution
isotherm was interrupted by a gap, and a disconti-
nuity zone appeared in the void region, revealing the
characteristics of the distribution of radioactivity
along the two sides of the void region.

(2) During the exothermic curing reaction of the
polymer grouting material, the temperature of the
frozen soil subgrade around the void region con-
tinuously increased due to the release of heat energy.
Spatially, the distribution of isotherms changed from

a layered radioactive distribution to a ring distri-
bution that decreased from inside to outside. During
the natural cooling process, the peripheral temper-
ature of the ring isotherm first decreased and a
negative temperature ring isotherm gradually
formed.

(3) 2e temperature of the frozen soil subgrade above
the void region was greatly affected by the heat
energy released by the polymer grouting material,
and the rate of temperature change was greater than
for the measurement points below the void region.
2e upper boundary of the influence range of the
thermal energy released by the polymer grouting
material on the subgrade temperature field was
30 cm, and the lower boundary was 20 cm.
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