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Abstract. This work examines the influence of chemical anti-icing materials on the frost resistance of the 

road pavement. Methods and technologies for introducing salt additives into the soil are considered. The 

preparation of soil with salt additives for testing for frost heaving is described. The kinetics of frost heaving 

processes of the reference soil sample and soil treated with salt additives was investigated. The influence of 

type and concentration of the salt additive on the degree of frost heaving of soils was investigated. The 

negative impact of chemical anti-icing additives on the indicators of frost heaving of soils, especially with 

uneven salinity, was registered. 

1 Introduction  

Nowadays, chemical anti-icing materials in the form of 

sand-salt mixtures, brines and pure chemical reagents are 

widely used during construction of buildings and road 

facilities [1–6]. Studies on their applications are most 

often devoted to the lowering of the freezing point, and 

to examination of their impact on the environment. But 

the technical literature doesn’t consider any information 

about their influence on the heaving properties of 

roadbed soils. Further we describe some issues on saline 

soils that are of interest now: 

- The use of artificial soil salinization as an anti-

heaving measure in foundation construction; 

- The use of artificial salinization for the complex 

performance of earthworks in winter (development, 

transportation and laying with soil compaction); 

- Study of characteristics of saline soil (including the 

frozen one) in natural occurrence and their distribution. 

The eutectic solutions of sodium chloride, 

magnesium and calcium are used for soil salinization 

with freezing points equal to - 21.2, -33.6 and -55 °C, 

respectively. In addition to lowering the freezing point, 

chloride salts have a significant influence on reduction of 

heaving. This approach is widely used in foundation 

engineering. For salinization, both crystalline anhydrous 

salt and saline solutions are usually used. The latter are 

not recommended for use in highly moist soils, in order 

to avoid leaching of these salts from the soil. 

With local soil salinization, diffusion of salts occurs 

from an area of higher concentration to an area of lower 

concentration. Some time after salinization, the 

concentration of soil solution decreases within the local 

salinization area. The rate of penetration of water-soluble 

salts into the soil can be very different. According to the 

Pechora Scientific Research Institute, diffusion of salts 

into thawed cohesive soils occurs with a speed of 2-3 cm 

for 10 days, and it is two times slower when diffusing 

into a frozen soil.  

As established by S.B. Ukhov [7], during loam filling 

in layers of 30 cm and its layer-by-layer salinization with 

sodium chloride, the resulting salinization of loam will 

be almost uniform in 70-80 days. In frozen loam at 

temperatures from -1.4 to -4.8 °C, uniform salinity will 

be achieved in 80-100 days. 

Studies on the influence of anti-icing additives on the 

environment have shown that the use of a sand-salt 

mixture and brines leads to the accumulation of chemical 

elements and salts in soils. Their concentration changes 

with time.  

The disadvantages of the soil salinization method 

also include an increase in the frost hazard of the soil 

during its desalination, accelerated corrosion of metal 

structures, and the destruction of soil-bitumen coatings 

in some cases. 

The aim of this work is to study the influence of 

chemical anti-icing materials on frost heaving of the 

roadbed soils. 

2 Materials and methods 

Experimental studies aimed at assessing the influence of 

anti-icing chloride additives used in highways on frost 

heaving of the roadbed soils included the following 

stages: 

1. Assessing the degree of salinity of the roadbed soil 

on the road section with the use of anti-icing additives; 

2. Determination of heaving properties of soils of the 

selected samples; 

3. Determination of the influence of salinity on the 

heaving properties of artificially saline soils. 
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For the first stage, the object of research was the 

motor road of the IIIrd category of regional significance 

in the Vologda region, on which natural salt brine has 

been used as an anti-icing additive for more than 10 

years. 

On the selected section of the road, soil samples of 

the roadbed were taken from a depth of 1.8-2.3 m at 

three sections located at a distance of 1-1.5 km. 

According to the Russian State Standard GOST 25100-

2011 [8], this soil was classified as tough-plastic light 

silty loam. Laboratory tests have shown that these 

samples had the following salinities: 0.07% for sample 

No. 1; 0.02% for sample No. 2; 0.06% for sample No. 3. 

Sample No. 3 was taken for further research. 

The second stage of study included testing for frost 

heaving of three samplings made from sample No. 3, as 

well as the same soil after its desalinization. 

Soil desalinization included the following operations: 

- Filling with water (in a ratio of 1:10) of soil 

prepared for desalinization and mixing it until a 

suspension is formed; 

- Curing the suspension until the complete 

precipitation of mineral particles into the sediment, 

draining the settled water; 

- Drying the sediment (salted soil), thorough mixing 

of the samples and preparation for testing for frost 

heaving. 

Testing of soil for frost heaving was carried out on 

setups produces by the Vologda State University [9–14]. 

The schematic diagram of a device for testing soil 

samples for frost heaving is shown in Fig. 1. 

 

Fig. 1. Schematic diagram of a device for testing soil samples 

for frost heaving: 1 - reservoir; 2 - thermal insulation; 3 - body; 

4 - sample form; 5 - indicator; 6 - plug; 7 - internal reservoir; 8 

- cover plate; 9 - lattice; 10 - water. 

Unlike the known analogues, the setup uses the 

principle of communicating vessels, which provides 

freezing of samples similarly to freezing of water-

saturated soil under natural conditions, when the freezing 

boundary is near the groundwater horizon. This 

difference allows obtaining more accurate results. The 

novelty of the setup design is confirmed by the patent for 

an invention [15]. 

A general view of the prototype setup is shown in 

Fig. 2. The installation allows to conduct laboratory tests 

in accordance with the Russian State Standard GOST 

28622-2012 and is characterized by the following 

technical data: 

- The amount of the soil samples being tested is 3-5; 

- The testing time during one cycle of frozing is 5-7 

days depending on the soil type; 

- The setup dimensions are 800×760×1940 mm; 

- The setup mass is 140 kg. 

 

Fig. 2. General view of the installation: 1 - device for testing 

samples; 2 - test samples; 3 - plug; 4 - refrigerator. 

3 Results and Discussion 

The results of testing the heaving properties of soils of 

the selected samples are presented in the plots of frost 

heaving deformation versus time. These plots were 

constructed for three soil samples from a selected 

sampling (Fig. 3) and for the desalinated soil of this 

sampling (Fig. 4). The right scale shows the relative 

deformation of frost heaving for the stage of complete 

freezing of the sample and the classification of the 

degree of frost heaving according to GOST 25100-2011 

[8]. These data show that after soil desalinization, its 

heaving properties improve. Thus, the average value of 

the relative deformation more than doubled, and the 

degree of frost heaving from moderately swollen 

increased to excessively swollen. 
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Fig. 3. The relationship between deformation of frost heaving 

and time for the selected soil samples. 

 

Fig. 4. The relationship between deformation of frost heaving 

and time for the desalinated soil. 

The third stage of the study included the preparation 

of two types (clay and sandy) of artificially salinizated 

soils and testing them for frost heaving. These soils were 

classified as silty sandy loam and fine sand. For soil 

salinization, sodium chloride salt was used. 

Artificial soil salinization included the following 

operations: 

- Preparation of the soil mass necessary for the 

production of samples in air-dry state with violation of 

secondary structural bonds; 

- Preparation of brines of sodium chloride salt, the 

concentrations of which were selected so that when 

poured into the soil, its concentration would be 0.075% 

and 0.15%, respectively. The amount of solution 

introduced into the soil was taken so that the moisture 

content was optimal; 

- Adding solutions to the soil and mixing the soil 

until uniform moisture content, then keeping in a 

desiccator. The soil prepared in this way was used to 

prepare the samples. 

Two samples of non-saline and saline soil were 

prepared. 

The plots showing the growth of frost heaving 

deformation over time for non-saline sandy loam soil 

and for a soil with a salinity of 0.075% are presented in 

Fig. 5. 

 

Fig. 5. The relationship between deformation of frost heaving 

and time for non-saline soil (samples Nos. 1&2), and for soils 

with salinity of 0.075% (samples Nos. 3&4). 

The obtained relative deformations of frost heaving 

of samples of the third stage and their classification 

according to the degree of frost heaving are shown in 

Table 1. 

Table 1. 

Soil type 
ε fn, 

% 

ε fn av, 

% 

The degree of frost 

heaving according to 

the GOST 25100-

2011 

Reference 

non-saline 

soil 

Sandy 
1.73 

1.85 Slightly swollen 
1.97 

Clay 
11.29 

12.18 Excessively swollen 
13.07 

Soil with 

salinity of 

0.15% 

Sandy 
1.25 

1.18 Slightly swollen 
1.10 

Clay 
4.28 

4.00 Moderately swollen 
3.71 

Soil with 

salinity of 

0.075% 

Sandy 
0.99 

1.47 Slightly swollen 
1.95 

Clay 
3.50 

3.72 Moderately swollen 
3,94 

The presented data shows that afort soil salinity 

values close to that which was established for clay soil of 

the roadbed on roads where anti-icing additives are used, 

the relative deformation of frost heaving (εfn) decreased 

by about 3.04 to 3.27 times. 

When using the traditional technology of applying 

anti-icing additives to the road surface, there is no 

certainty that the salinity of the roadbed will be constant. 

This is primarily due to the use of sand-salt mixtures, 

since due to the diffusion of salts, local salinization of 

certain sections of the roadbed will occur. The uneven 

salinity of the roadbed soil body will cause uneven 

deformation of the road surface caused by frost heaving. 

These deformations can lead to a violation of the frost 

resistance of the road structure, even if it was provided 

by the calculation for non-saline soil. 

It should be noted that in order to solve the problem 

associated with the influence of anti-icing additives on 

the frost resistance of the road structure, the study must 

be continued in the following directions: 

1. Revealing the relationship between the type of 

additive and the method of applying it to the road surface 

and the value and unevenness of the salinity of the 

roadbed soil; 
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2. Determination of the characteristics of frost 

heaving for all types of clay soils for salinity caused by 

the use of anti-icing additives; 

3. Determination of soil salinity at the stage of 

engineering and geological surveys during the 

reconstruction and repair of highways; 

To recommend new chemical reagents as anti-icing 

additives, it is necessary to have the results of 

experimental determinations of their influence on the 

heaving properties of soil. 

4 Conclusions  

The obtained results allow us to conclude: 

1. For soil samples taken from the body of the 

roadbed, which was treated with sodium chloride anti-

icing additives for a number of years, the determined 

salinity was in the range from 0.02 to 0.2%. Comparative 

studies made for a soil sample with a salinity of 0.06% 

and a desalinated sample, showed that the relative 

deformation decreased by 2.3 times. The degree of frost 

heaving changed from excessively swollen to moderately 

swollen. 

2. Test for frost heaving of the reference clay soil 

with salinity close to that found in the body of the 

roadbed for the surveyed section of the road showed that 

the influence of salinity on frost heaving is similar to that 

specified in paragraph 1. 

3. The performed studies show that when using anti-

icing additives, frost resistance of the road structure can 

be ensured if the salinity of the roadbed soil is constant. 

If the salinity of the roadbed soil changes both in plan 

and in depth, as is obviously the case on real objects, an 

excess of the maximum deformation for the road surface 

may be observed, even if frost resistance of the road 

structure for non-saline soil is provided by calculation. 

4. When using new chemical reagents as anti-icing 

additives, tests should be carried out to determine their 

influence on the heaving properties of soil. Some of 

these chemicals can cause an increase in the degree of 

frost heaving of soil. 
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