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Abstract 

In order to control the diseases of frozen soil subgrade and analyze the causes of the 
diseases of frozen soil subgrade, based on the current treatment technology of plateau 
frozen soil subgrade, this paper studies a new treatment method of plateau frozen soil 
subgrade: the treatment technology of frozen soil subgrade with isolated radiant heat 
plate integrating reflection, isolation of solar radiation heat and ventilation. Its working 
principle is: when the sunlight is radiated, Firstly, the first layer is light tempered glass 
with super hydrophilic TiO2 film. There is a layer of super hydrophilic film on its surface. 
This film is easy to clean and has a great degree of self-cleaning ability to avoid sand dust, 
leaves, gravel and other sundries blocking the reflective materials of the second layer 
during use. Among them, the light tempered glass is also used as the structural system of 
the whole structure. The second layer of riv board adopts aluminum film prepared by 
FCVAD technology. The visible light reflectance and sunlight reflectance of this flexible 
reflective material can reach 88% and 90%, which can reflect most of the solar radiation 
back, greatly reduce the heat transmitted to the surface of subgrade accessories, and has 
good film base bonding force, friction resistance and aging resistance. The thermal 
insulation material XPS board is used for the third layer of riv board, and its thermal 
conductivity is 0.011, which can well isolate the solar radiation heat transmitted through 
the aluminum film, so as to avoid the transmission of solar radiation heat to the surface 
near the subgrade. Moreover, the polystyrene molecular structure of XPS board itself 
does not absorb water, the molecular structure of the board is stable, and there is no gap, 
which solves the problems of water leakage, penetration, frosting and condensation of 
other materials, and XPS board is light in texture and easy to use. And because the laying 
method of riv plate is: cushion the riv plate with the pier and abutment with fixed 
toughened glass parts for 10cm, and fix it to form an air circulation channel. When a 
small part of the residual solar radiation heat enters the air circulation channel through 
the third layer of thermal insulation XPS plate , air convection is formed in this channel, 
and the flowing air will take away this little heat, so as not to make the soil particles, 
water and air in the soil near the frozen soil subgrade, And the rise of rock temperature, 
so as to prevent the occurrence of frozen soil subgrade diseases. 
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1. Harm of frozen soil to Subgrade 

1.1. Freezing damage mechanism and influencing factors of foundation soil 

A soil that contains ice and has a temperature below or equal to zero degrees Celsius. Frozen 
soil can be divided into seasonal frozen soil and perennial frozen soil according to the freezing 
time. Permafrost is widely distributed in China, accounting for about 75% of the land area, 
including the Qinghai Tibet Plateau, the north of the big and small Xing'an Mountains in the 
northeast, and about 22% of the permafrost in Tianshan and other areas. 

The temperature of soil at a certain depth below the ground changes with the change of 
atmospheric temperature. When the air temperature is lower than zero degrees Celsius, the 
water in the soil forms frozen soil due to freezing, and frost heaving occurs with the volume 
expansion of the soil. When the surrounding temperature of the soil is lower than zero degrees 
Celsius, the negative air temperature is introduced into the soil, and the water in the unfrozen 
soil is dispersed and migrated to the frozen area, and then frozen to form ice crystals. The 
volume increases, which is manifested in the volume expansion of the soil. When the soil layer 
thaws, the ice crystals gathered in the soil melt, the volume becomes smaller, and the soil 
particles also sink, which is manifested as the phenomenon of thawing. This characteristic of 
soil with seasonal frost heave and thaw settlement is also called the frost heave day of soil. The 
factors affecting the frost heaving of foundation soil include air temperature, water content, 
groundwater level and soil type. The primary factor is the air temperature around the soil, 
which is also the decisive factor for the frost heaving of soil [1, 2]. 

(1) Liquid water in soil can be divided into bound water and non bound water. Non bound water 
can be divided into capillary water and gravity water. Non bound water is also a direct factor 
affecting the frost heaving of foundation soil. When the temperature is lower than the melting 
point of water and the moisture content of soil exceeds a certain limit, frost heaving occurs in 
the soil, which is called frost heaving moisture content. With the increase of water content, the 
frost heaving rate of soil increases, and the frost heaving performance is stronger. 

(2) Groundwater level and subgrade height are directly related to the degree of frost heave of 
subgrade soil. When the groundwater level is lower than a certain depth, only the influence of 
the internal water content of the soil on frost heave needs to be considered; When the 
groundwater level is higher than a certain depth, due to the action of capillary water, the 
groundwater will continue to migrate to the frozen area, greatly enhancing the frost heaving of 
soil. At this time, we should not only consider the water content of soil itself, but also pay 
attention to the impact of groundwater recharge. 

(3) Different soils have different sensitivity to frost heaving, which is related to soil particle size, 
mineral composition and other factors. It is found that within the particle size range of frost 
heaving, the frost heaving of soil increases with the decrease of particle size and the increase of 
dispersion. At the same time, when the content of hydrophilic mineral components in the soil 
is high, the soil particles absorb more water, resulting in a significant increase in the frost 
heaving of the soil [3]. 

1.2. Main hazards of subgrade frozen soil 

1.2.1. Collapse 

Thawing usually occurs in the cohesive soil section with large water content and low 
temperature all year round. When the embankment base or cutting slope is covered with a thick 
layer of frozen soil, due to various effects of construction and operation process, the overlying 
frozen soil layer will sink under the action of self weight after local melting, resulting in serious 
deformation of subgrade and pavement. 
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1.2.2. Frost heave 

Frost heaving is the effect of soil expansion and uneven uplift of the ground surface caused by 
the freezing of water in the soil and the formation of ice body. There are two necessary 
conditions for frost heaving: sufficient water supply and supply channel, which makes the water 
in the lower unfrozen soil migrate and gather to the freezing surface while the original water in 
the soil freezes. 

1.2.3. Churning 

When the spring thawing temperature rises, the upper soil mass of the subgrade melts first, 
while the lower soil mass has not been thawed, so the water cannot penetrate downward and 
accumulate in the upper part of the subgrade soil mass to form free water. When the moisture 
content exceeds the liquid limit moisture content of subgrade soil, the subgrade strength 
decreases, and it will be destroyed rapidly under the action of driving load to form churning 

2. Riv board design integrating reflection, isolation of solar radiation heat 
and ventilation 

2.1. Action mechanism 

The main causes of frozen soil melting are: the solar radiation in summer leads to the rise of 
soil, atmosphere and temperature, Cause the frozen soil to melt (although global warming will 
also increase the soil and atmospheric temperature, when the global climate makes the 
atmospheric temperature constantly exceed a certain value, resulting in large-scale frozen soil 
melting, the currently known frozen soil subgrade treatment technology will basically fail, so 
the freezing and thawing phenomenon caused by global warming will not be considered for the 
time being). Action mechanism of riv plate: when the sunlight is radiated, the first layer is light 
tempered glass with super hydrophilic TiO2 film, and its surface is provided with a layer of 
super hydrophilic film. This film is easy to clean and has self-cleaning ability to a great extent, 
so as to avoid sand dust, leaves, debris and other sundries blocking the reflective materials of 
the second layer during use. Among them, light tempered glass is also used as the structural 
system of the whole structure. The second layer of riv board adopts the aluminum film prepared 
by FCVAD technology. The visible light reflectivity and sunlight reflectivity of this flexible 
reflective material can reach 88% and 90%, which can reflect most of the solar radiation back, 
greatly reduce the heat transmitted to the surface of subgrade accessories, and has good film 
base bonding force, friction resistance and aging resistance. The thermal insulation material 
XPS board is used for the third layer of riv board, and its thermal conductivity is 0.011, which 
can well isolate the solar radiation heat transmitted through the aluminum film, so as to avoid 
the transmission of solar radiation heat to the surface near the subgrade. Moreover, the 
polystyrene molecular structure of XPS board itself does not absorb water, the molecular 
structure of the board is stable, and there is no gap, which solves the problems of water leakage, 
penetration, frosting and condensation of other materials, and XPS board is light in texture and 
easy to use. And because the laying method of riv plate is: cushion the riv plate for 10cm with 
the pier and abutment with fixed toughened glass parts and fix it to form an air circulation 
channel along the monsoon direction. When a small part of the residual solar radiation heat 
enters the air circulation channel through the third layer of thermal insulation XPS plate [4], air 
convection is formed in this channel, and the flowing air will take away this little heat, Thus, the 
soil particles, water, air and rock temperature in the soil near the frozen soil subgrade will not 
rise [13], so as to prevent the occurrence of frozen soil subgrade diseases. 

2.2. Performance introduction of structural materials of riv plate 

(1) Super hydrophilic TiO2 film with self-cleaning property [5]: self-cleaning property refers to 
the ability of materials to clean their surface. From the end of the 20th century to now, self-
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cleaning technology has been widely used in the self-cleaning of window glass, automobile glass, 
solar panel textiles, etc. This technology not only reduces the maintenance cost, but also avoids 
cumbersome manual operation and saves time. Nano-TiO2 has attracted much attention 
because of its low toxicity, low price, high photocatalytic performance and easy film formation. 
Self cleaning mechanism of TiO2: ① photocatalysis; ② , super hydrophilic. On the one hand, 
photocatalysis can decompose the pollutants on the coating surface; On the other hand, the 
hydrophilicity of the material surface reduces the surface contact angle, so that water droplets 
are easy to slide from the surface and take away dust [3]. 

(2) Corrosion resistant tempered glass [5]: high mechanical strength, good thermal stability, 
light weight, wind pressure resistance, cold and heat resistance, impact resistance, friction 
resistance and aging resistance. 

(3) Aluminum film prepared by FCVAD Technology: it has good thermal stability, friction 
resistance, aging resistance and other properties, and has good film-based bonding force. The 
visible light reflectance and sunlight reflectance of aluminum film prepared by FCVAD 
technology can reach 88% and 90%, which can reflect most of the solar radiation back, greatly 
reduce the heat transmitted to the surface near the subgrade, and has good film-based bonding 
force, friction resistance and aging resistance. 

(4) XPS insulation board: ① it has the characteristics of high thermal resistance, low linearity 
and low expansion ratio. The closed cell rate of its structure reaches more than 99%, forming a 
vacuum layer to avoid air flow and heat dissipation and ensure the durability and stability of 
its insulation performance. Compared with the closed cell rate of 80% of foamed polyurethane, 
it has a self-evident leading advantage. ② Water absorption is an important parameter to 
measure thermal insulation materials. Because the molecular structure of polystyrene itself 
does not absorb water, the molecular structure of the plate is stable and has no gap, which 
solves the problems of water leakage, penetration, frosting and condensation of other materials. 
③ The fully closed cell foaming chemical structure of XPS board and its honeycomb physical 
structure make it light, easy to use, high strength, easy to cut and transport, not easy to damage 
and easy to install. ④ During long-term use, it does not age, decompose or produce harmful 
substances. Its chemical properties are extremely stable. It will not degrade due to water 
absorption and corrosion, which will reduce its performance. It can still maintain its superior 
performance in high temperature environment. According to relevant data, XPS extruded 
insulation board can be used for 30 ~ 40 years. 

(5) Piers and abutments with fixed tempered glass parts: light weight, high strength, wind 
pressure resistance, cold and heat resistance, impact resistance, durability, good corrosion 
resistance and long service life. Good tempered glass can be used for decades. 

2.3. Structural design of riv board 

The role of riv plate used in this study in the treatment of frozen soil subgrade is like putting a 
heat insulation coat on the frozen soil subgrade to prevent the transfer of solar radiation heat 
to the frozen soil subgrade. The calculation and design of structural parameters mainly include: 
the selection of super hydrophilic film TiO2 should have good durability, acid and alkali 
resistance, long service life and good thermal stability and durability; Thickness determination 
of XPS insulation board (10 to 15 cm); The riv board is padded to form the determination of the 
height of the air circulation channel (20 to 30 cm), and the pier and abutment with fixed 
toughened glass parts are attached. 
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3. Project entity construction 

3.1. Construction preparation 

Research on structural design and processing of new materials and quality control of new 
technologies and processes. The materials used in the construction shall meet the design 
requirements. The construction process of riv Board shall meet the standards of high-rise glass 
curtain wall. The on-site construction shall avoid damaging the super hydrophilic TiO2 film 
with self-cleaning on the tempered glass, otherwise it will affect the cleaning of the tempered 
glass and the efficiency of the second aluminum film reflecting solar radiation.. 

3.2. Construction process 

Riv board construction consists of the following processes: 

(1) Leveling of subgrade and soil near subgrade: ensure that the construction site of riv board 
is flat, no large gravel is placed on the site, and the site should be leveled in sunny weather 
(when the temperature is low, it is difficult for workers to construct, and the soil freezing makes 
the site leveling difficult). 

(2) According to the measurement and setting out of the design drawings, determine the 
specific location of the pier and abutment with fixed tempered glass components: 

Measure and set out the position of the pier and abutment with fixed tempered glass parts, so 
as to facilitate the accurate fixation of the pier and abutment later. 

(3) Fix the pier and abutment with fixed toughened glass parts: fix the pier and abutment with 
fixed toughened glass parts to ensure that the pier and abutment are fixed and stable without 
large displacement in the later stage. 

(4) Installation of riv board: install the customized riv board with suction cup according to the 
position of measurement and setting out. In the process, pay attention to deal with the 
overlapping position, so as to avoid solar radiation from irradiating the surface near the 
subgrade due to angle problems, and prevent rainwater from entering the bottom of riv board, 
thus damaging the structure of riv board. When laying the riv board on the rail track, the riv 
board can be directly fixed to the sleeper without pier and abutment. 

4. Conclusion: problems that need to be demonstrated through 
experiments and data 

(1) The cost of this technology, whether the cost is more economical than hot rod and other 
treatment technologies. 

(2) Tibet has strong solar radiation and strong solar oxidation. Experiments need to be done to 
prove the oxidation resistance and durability of riv board. The problem of frequent 
maintenance will occur in the investigation. 

(3) Whether the construction process can be simplified and the cost can be reduced to the 
greatest extent. When the cost is lower than that of stone, it may be applied. 

(4) Check the distance between the railway line in plateau frozen soil and the surrounding route 
to ensure that the reflected sunlight will not affect other traffic routes. (there are few other 
traffic routes around the plateau frozen soil section.) 
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