
ANNOTATION 

 

dissertations for the degree of Doctor of Philosophy (PhD) in 

the specialty 6D074500 "Transport Construction" 

Yessentay Dauren Yerlanuly on the topic: «Investigation of the 

influence of non-hygroscopic chemical reagents on the destruction 

of the structure of snow-ice formation on roads with cement 

concrete pavement» 

 

Relevance of the topic: with the rapid growth of the car park, a significant 

increase in freight turnover and the volume of passenger traffic, the requirements 

for the maintenance of roads and ensuring road safety are increasing. Particularly 

unfavorable conditions for the movement of cars occur in winter, when a layer of 

snow and ice rolls forms on the road surface. According to the statistics of the 

Road Police of the Ministry of Justice of the Republic of Kazakhstan, up to 35% 

of accidents and accidents are recorded on icy roads. On a slippery road, the 

speed of vehicles decreases and productivity decreases by 25-30%. 

The problem of winter maintenance of highways on the territory of the 

Republic of Kazakhstan is very relevant, since the magnitude of their traffic 

density, intensity and speed of movement is constantly increasing. The length of 

roads with cement concrete pavement in Kazakhstan is more than 1,500 km, and 

they are located in areas with increased ice hazard. 

The climatic conditions of Kazakhstan are very diverse. The average air 

temperature of the coldest month in the Akmola region averages -25-27оС, in the 

Eastern - 31-36оС, in the Northern - -26-29оС, and in the Southern - 3-10оС. The 

annual precipitation is 260-300, 340-370, 300-340 and about 150 mm, 

respectively, the duration of the cold period in the year varies within: 6-7, 6-7, 5-

6 and 3-4 months. In addition, at present, roads with cement concrete pavements 

appear in the road network of Kazakhstan. A specific feature of this coating is 

that the use of chemicals here can damage the coating, increasing the risk of 

concrete peeling and loss of strength due to the low salt resistance of this 

material. 

There are no fundamental differences in the technology of winter 

maintenance of motorways in different countries. To eliminate winter 

slipperiness abroad, chlorides, both solid and liquid, are used, and various types 

of protection are used to prevent snow drifts. The cleaning of motorways from 

snow is everywhere carried out by its mechanical removal outside the subgrade. 

Significant differences are observed in the level of development of services for 

forecasting adverse weather conditions and warning road workers and road users 

about the state of travel on the highway, recommended driving modes, etc. 

Scientific noveltywork is as follows 

- according to the results of the literature analysis, the nature of the 

formation of ice on the surface of cement concrete coatings was established, 



depending on its humidity and air temperature; ice formation structures 

- based on the results of experimental testing and theoretical analysis, a 

correlation was established between the distribution density of chemical reagents 

and the adhesion force of ice over the road surface as applied to non-

hygroscopic reagents; 

- in laboratory conditions, the influence of non-hygroscopic chemical 

reagents on the decrease in the strength properties of cement concrete coatings 

has been established. 

Practical significance.The value of this dissertation is the use of non-

hygroscopic materials on the roads of Kazakhstan with cement concrete 

pavement, the developed technical rules for the preparation and use of non-

hygroscopic reagents in liquid form to destroy the structure of ice formation with 

different density and thickness. 

The results of the study and the developed practical recommendations are 

intended to take measures to combat slipperiness on highways and urban roads 

with solid types of surface and in the preparation, distribution and storage of 

chemical reagents in liquid form in road maintenance and public utilities. 

Approbation.In the process of performing the dissertation work, its results 

were reported at the production meetings of the Almaty regional branch of the 

RSE "Kazakhavtodor" and scientific and practical conferences of KazADI named 

after. L.B. Goncharova. 

Publication,include articles in the journals Industrial Transport (Almaty, 

2020), Izvestia. Series of Chemistry and Technology" NAS RK (Almaty, 2021), 

"QazBSQA Khabarshysy. Kurylys constructionlary zhane materialdary No.1 (79) 

"(Almaty, 2021), as well as rating magazines 

"News. Series of geology and technical sciences" NAS RK (Almaty, 2020), 

"International Journal of Geomate" (Japan, 2021). 

Provisions for defense 

- the results of the experiment to determine the stability of roads with cement 

concrete pavement made it possible to determine that the use of chemical reagents 

very effectively reduces the adhesion forces between snow-ice formations and 

cement concrete pavement compared to “pure” ice: with a distribution density qp 

= 50 g / m2 chlorides by 10-15 times, and at qp = 100 g/m2 by 20-30 times. 

- results of field studies and theoretical calculations to assess the strength of 

cement concrete coatings on the stability of exposure to chemical reagents; 

- a theoretical model for determining the composition of various chemical 

reagents in the composition of the anti-icing mixture and the results of the 

calculation to establish the correlation between the distribution density of 

chemical reagents and the adhesion force of ice over the road surface; 

- results on the choice of the composition of anti-icing reagents and the 

results of the calculation to determine the percentage of various types of reagents 

in the composition of the anti-icing solution; 

Structure and volume.The doctoral dissertation consists of an introduction, 4 



chapters,general conclusions and conclusions. The dissertation is presented on 

130 pages, including an introduction, 55 figures, 19 tables, general conclusions, 

conclusions and a bibliography of 65 titles. 

 

MAIN CONTENT OF THE WORK 

 

The first section "Problems of winter maintenance of roads in a sharply 

continental climate" presents the result of a comprehensive analysis of ways to 

combat slipperiness on roads. However, only with the help of chemicals is the 

complete removal of ice or compacted snow from the surface of the road surface, 

which is necessary to ensure the level of road traffic safety, ensured. In this 

connection, chemical reagents are widely used both in foreign countries and in 

our country. The chemical method of eliminating slipperiness on the road surface 

is indispensable in places of acute shortage of equipment, in cramped conditions 

for the operation of machines, as well as in places that require high-quality 

cleaning of the surface: at the approaches to the intersection, turns, descents, on 

sidewalks with high intensity at public transport stops. 

 

Conclusions on the first section 

 

1. The degree of risk of getting into an accident on a road surface completely 

or partially covered with snow or ice is 4.5 and 1.5 times higher than on a clean 

dry surface. 

2. Prediction of winter slipperiness based on local regional meteorological 

conditions and synoptic processes is an effective method for preventing the 

formation of winter slipperiness with its consequences. The formation of 

slipperiness is most likely at air temperatures from -2 ° C to - 6 ° C, relative air 

humidity from 65 to 85%. 

3. In the world practice of combating ice and winter slipperiness, there is a 

clear trend in favor of the chemical method. The chemical method, which has 

been used for many years in England, France, Holland, Germany, the USA, 

Switzerland and other countries, has justified itself. 

4. The use of anti-icing chemicals is the most effective and cheapest way to 

successfully eliminate dangerous winter slipperiness. When compared with the 

friction method, the material consumption from the use of salts is reduced by 6.7 

times, the time costs are reduced by 2.6 times, and the productivity is increased 

by 6 times. 

5. The main requirements for anti-icing chemicals are penetration through the 

layers of snow and ice, destroying intercrystalline bonds, reducing the forces of 

freezing of sediment layers with the road surface, as well as environmental 

safety. 

6. The most expressive characteristic of the processes of melting-freezing of 

the "water-chemical reagent" systems is given by melting diagrams. 



7. The use of rock salt with preliminary moistening in a ratio of 8-12% with 

solutions of a lower eutectic temperature, for example, calcium chloride, 

increases the efficiency of thawing, reduces the reagent consumption per km of 

road, as well as the crystallization temperature of sodium chloride and reduces 

the cost of winter maintenance , increases productivity and reduces the likelihood 

of environmental damage. 

 

The second section "Theoretical substantiation of the chemical method of 

combating slipperiness" presents scientific approaches to the process of ice 

formation on the surface of the road surface, which is very complex, largely 

dependent on the temperature and humidity of the environment, and the heat 

exchange process transmitted from the wheels of moving vehicles when sliding ( 

braking) and rolling. The process of ice formation is also influenced by climatic 

features, such as the daily air temperature drop and the physical and mechanical 

properties of the snow-ice formation itself. Icing of terrestrial objects is 

characterized by a variety of types and forms. There are several classifications of 

ice-frost phenomena and various types of winter slipperiness, road and airfield 

pavements, which are based on certain concepts: 

 

Conclusions on the second section 

 

1. There is no need to completely melt the snow-ice deposits, it is enough to 

loosen the adhesion between the road surface and the ice for further mechanized 

cleaning. 

2. The proposed mathematical model for calculating the phase composition of 

two-component systems "water-chemical reagent" based on the graph-analytical 

method of melting diagrams makes it possible to solve the following problems: 

- to determine the consumption rate of a chemical reagent for partial melting 

of snow-ice formations and reduction of adhesion forces between ice and road 

surface with the possibility of its subsequent mechanized cleaning; 

- to determine the weight ratio of the liquid and solid phases, the change in 

the humidity of the system at a given consumption rate of the chemical reagent, 

taking into account the temperature and humidity characteristics of snow and ice 

formations. 

3. Theoretical calculation of the consumption rate of a chemical reagent and 

determination of the phase composition of the system based on the developed 

mathematical model will also allow: 

- most accurately determine the salt concentration necessary to reduce the 

adhesion forces of ice with the road surface, taking into account their temperature 

and humidity characteristics; 

- to facilitate monitoring of the composition and quantity of phases of two-

component systems "water-chemical reagent" in time and their influence on the 

adhesion properties of road surfaces; 



- Eliminate excessive consumption of salt and thereby reduce its aggressive 

impact on the environment; 

- to determine the change in the humidity of the snow-ice formation when 

interacting with chemical reagents. 

4. Ice melts most intensively during the first hour, when the most active 

interaction of the chemical with ice occurs. During this period, up to 70-80% of 

its total resource amount is melted. Further, the reaction of interaction fades to its 

complete stop. The duration of the effective action of chlorides depends on 

temperature and is about 2 hours at an air temperature of -5 0C and snow 

humidity W=15%. 

5. A significant influence in the process of using chemicals in the fight 

against slipperiness has a thermal effect. When melting 1 m2 of an ice crust 5 

mm thick at 0–2 0C, 100–120 g of magnesium chloride is required, and only due 

to the heat release factor during the interaction of a chemical reagent with a 

snow-ice formation, up to 480–570 g of ice from its total mass of 4500 g is 

melted . 

 

In the third section "Development of a methodology for experimental studies 

on the preparation of operational materials" scientific and practical issues of the 

use of chemicals to combat winter slipperiness of road surfaces are considered 

based on the fact that when interacting with ice, chemicals, in particular chloride 

salts, cause the destruction of the crystal structure of ice , as a result of which it 

melts (melts) and a brine solution is formed, which has a freezing point lower 

than water. Experimental studies of cement concrete for salt resistance in 

laboratory conditions were also carried out. 

 

Conclusions on the third section 

 

1. The use of chemical reagents very effectively reduces the adhesion forces 

between the snow-ice formations and the cement-concrete coating in comparison 

with "pure" ice: with a distribution density нq 50 g / m2 chlorides by 10-15 

times, and at нq 100 g/m2 20-30 times. When using a 3-component anti-icing 

mixture "Bishofite-Urea-Technical Salt", the lowest shear force (371.2 kg/m2) is 

observed with the composition of mixture No. 7 with a total consumption of 65 

g/m2. The smallest value of the adhesion forces (52.0) of the 2-component 

mixture "Bishofite-Urea" has the composition of the mixture No. 3 with a total 

consumption of 75 g/m2. 

2. The use of chemicals in the IV-V road-climatic zone requires special 

control over the implementation of technological processes. It is necessary to 

completely clear the roadway from snow within 1.5-2.5 hours for IV-V road-

climatic zones, and 2-3.5 hours for II-III road-climatic zones at air temperatures 

up to -10 0С. At temperatures below t = -10 0С on roads with a sharply 



continental climate (IV-V), the use of chemicals with an endothermic reaction 

(for example, NaCl) is not recommended. And when using chemicals with an 

exothermic nature of the thermal effect (MgCl2, CaCl2), it is necessary to 

completely clear the roadway from snow within 1 hour. 

3. The duration of the effective action of chemical reagents depends on the 

humidity of the snow-ice formation. The duration of the effective action of 

chlorides at a distribution density of 50 g/m2 was 1-1.5 hours. When applying the 

distribution rate of 100 g/m2, the duration of the effective action of salts such as 

magnesium and calcium chlorides was observed for about 10 hours. The duration 

of the interaction of the following salts: urea, ammonium and magnesium 

acetates, magnesium chloride (bischofite) could last a day or more. 

4. When placing bischofite (MgCl2 6H2O), urea, magnesium acetate, an 

active entry into the reaction (boiling effect) is observed. Sodium sulfate 

(Na2SO4 10H2O) reacts more weakly (slowly). 

5. The concentration of liquid de-icing salts was determined in the KazADI 

laboratory. Sodium chloride (GOST 4233.77), magnesium chloride hexahydrate 

(bischofite, GOST 4209.77), calcium chloride hexahydrate (GOST (TU): FS 42-

2567-94) and technical carbamide (urea, GOST 6691-77) were used as anti-icing 

materials. . Before selection, anti-icing reagents, in accordance with PR RK 218-

64-2007, passed certification control in specialized laboratories. 

6. In the laboratory of KazADI, the optimal concentration of chemical salts 

was determined, taking into account the air temperature and the loss of strength 

of cement concrete samples in salt solutions. Sodium chloride was used as an 

experimental material. 

7. During the compression test in the press, the loss of strength of the cement 

concrete sample in saline solutions was determined. Concrete grades B20 and 

B35 were taken as the tested materials. Based on the results of these tests, a 

relationship was established between the compressive strength and the duration 

of a cement concrete sample in a 25% solution. 

8. Based on the results of the shear test, a relationship was established 

between the duration of action of chemical solutions on their concentration, 

taking into account the density of the snow-ice sample and air temperature. 

 

In the third section "Technology and organization of work on the elimination 

of slipperiness on roads by a chemical method" the possibility of introducing the 

technology of work to prevent the formation of slipperiness provides for the 

distribution of chlorides directly during a snowfall, while the freshly fallen snow 

has not yet compacted as a result of the movement of cars. A preventive method 

for eliminating winter slipperiness makes it possible to ensure acceptable grip 

qualities of coatings and traffic safety in winter, reduce the harmful impact of 

PGM on the environment through the use of rational technology and the 

minimum allowable norms for the distribution of PGM, as well as reduce the cost 

of road service to combat winter slipperiness. 



Conclusions on the fourth section 

 

1. It is necessary to strictly follow the rules of technology, the mode of 

cleaning the snow-ice mass from the roadway: exposure, processing of freshly 

fallen snow PGM, interval, cleaning the snow cover. And also avoid overdose of 

salt. 

2. When distributing chemical reagents, the humidity of the snow-ice 

formation is of particular importance. And their dressing rate depends on this. 

Therefore, with the preventive method in II-III road-climatic zones, it is sufficient 

to distribute crystalline chemicals at a rate of 20-30 g / m2, and in IV-V, due to 

the sharply continental climate, this norm does not satisfy the critical applicability 

of materials, so it must be increased up to 1.5 times. Full cleaning should be 

carried out after 3-5 hours in II-III road-climatic zones and after 2-4 hours in IV-

V. 

3. The duration of the entry into the reaction of chloride crystals at an air 

temperature of up to -5 ° C is on average 5-15 minutes, and when the temperature 

drops to -15 ° C, the duration increases to 15-30 minutes. 

4. At temperatures below t=-100C for the eastern and northern parts of 

Kazakhstan (W0=67-72%), the use of endothermic active chemicals is not 

recommended, and when using exothermic chemicals, snow removal technology 

must be strictly observed. 

5. The preventive method allows to reduce costs, ensure acceptable adhesion 

of coatings and traffic safety in winter, reduce the harmful effects of salts on the 

environment. 

6. The use of the emergency method is most acceptable in cramped 

conditions of operation of machines, as well as places that require high-quality 

cleaning of the surface: on the approaches to road junctions, turns, slopes, on 

sidewalks with an intensity of more than 750 foot / h, at public transport stops and 

artificial structures. 

7. The use of chemical anti-icing materials is not recommended: on the 

carriageway of reinforced concrete bridges, overpasses, crossings; on the roads 

where the tram line passes and are not provided with a runoff of surface and side 

waters. 

8. In order to reduce the negative impact of chemicals on the environment, 

the following measures are recommended: 

- inactivation or reduction of the active action of chemical reagents, using 

ion-exchange resins, organic substances of sorbing reagents, or a decrease in their 

entry through the soil; 

- growing crops that are resistant to pollution and capable of removing toxic 

substances from the soil; 

-the use of corrosion inhibitors (additives introduced into concrete in order 

to protect reinforcement from corrosion); 

- at temperatures below -17 ° C, the use of salts is not recommended. 
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