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Abstract. Globally, in arid regions, due to the irrational use of water 
resources for irrigating plants, salinization of soils occurs, which causes 
significant damage to the country's economy. In particular, recently in 
some regions of Uzbekistan, there has been a rise in groundwater and 
flooding of territories. In these areas, where the soil bases of highways 
contain such readily soluble salts as: NaCL, Na2SO4·10H2O, MgSO4·7H2O, 
MgCL2·6H2O, CaCL2·6H2O, NaHCO3, Na2CO3·10H2O, CaCO3 and 
CaSO4·2H2O, additional suffusion precipitation is often observed which 
lead to deformations of road surfaces. Additional precipitation is due to the 
dissolution of salt crystals upon ingress of moisture during filtration 
leaching. Filtration leaching of soils was carried out in the F-1M device 
according to the upward flow pattern. To determine the amount of leached 
salts during the experiment, the infiltrate was taken, its volume and 
mineralization were recorded. At the end of the tests, the soil was tested 
according to the general scheme. To assess the influence of the leaching 
process on the strength indices of the studied soils by the methods of 
consolidated and fast shear, tests of pre-leached samples were performed. 
When testing soils, samples were cut, pre-compacted with the same 
specified load, and leached for a month. In laboratory conditions, the 
deformation modulus was determined by performing compression 
experiments. In connection with a sharp change in the modulus of 
deformation of soils during moistening, the tests were carried out at two 
values of humidity: at natural and after water saturation without the 
possibility of swelling. The study results show that the deformation 
modulus of water-saturated loams satisfactorily correlates with the value of 
the initial porosity coefficient and decreases as a result of water saturation 
and leaching. The degree of decrease depends on the value of the initial 
deformation modulus: the higher it is, the more significant its change. The 
value of the coefficient of weakening of the soil structure depends on the 
effective average pressure. The criterion for the permissible salt content in 
the base of the roadbed of highways should be taken not only the value of 
the degree of salinity but also the change in the indicators of the 
mechanical properties of soils used in the design of the construction of the 
roadway during soaking and leaching. 
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1 Introduction 

Currently, in the developed countries of the world, the study of the effect of salts on the 
engineering and geological properties of soils and the physical and mechanical properties of 
building materials is carried out in the leading scientific centers of the world. In particular, 
such as determination of the effect of salts on the physical and mechanical properties of 
soils; identification of the aggressive effect of salts on the performance of building 
materials and protection of underground parts of buildings and structures from the 
aggressive effects of salts; development of methods for determining the mechanical 
characteristics of saline soils; zoning of saline areas. All this, in turn, allows us to develop 
recommendations for reliable design, construction, and operation of buildings and 
structures on saline soils [1-8]. 

The experience of designing and building highways in Uzbekistan shows that when 
designing and building in zones where saline soils are spread, it is necessary to consider the 
variability of the material composition, structure, and physical and mechanical properties of 
soils in the process of water saturation and leaching. 

It should be noted that the rise of the groundwater level and the soaking of the soil of 
the base of the roads causes uneven precipitation, which leads to the unevenness of the 
surface. Analysis of the deformation state of some roads located on territories composed of 
saline soils of Bukhara, Jizzakh, Kashkadarya, Syrdarya, Surkhandarya, Fergana, and 
Khorezm regions and the Republic of Karakalpakstan showed that when predicting changes 
in the properties of soils of the road base, factors affecting the physical-mechanical 
properties, for example, long-term water filtration, salt composition, etc. 

Many methodological guidelines and normative literature provide recommendations for 
determining the mechanical properties for soils saline with readily and moderately soluble 
salts [9-20], and issues of assessing the physical and mechanical properties of saline soils 
during prolonged water saturation and leaching, i.e., water filtration has not been 
sufficiently researched. 

As a result of prolonged exposure to fresh water on saline clay soil, not only strongly 
and moderately soluble salts (chlorides, sulfates) are removed, but also poorly soluble 
compounds (carbonates, silica, iron oxides), which are natural cements of soils, which 
determine their strength and deformation properties [21-29]. Therefore, removing or 
weakening these natural cements changes the composition and structure of soils and 
determines the change in their properties. 

The aim of the study is to study the regularities of changes in the mechanical properties 
of saline soils used in the design of the structure of motor vehicles during soaking and 
prolonged filtration of water. 

2 Methods 

To assess the effect of water saturation and leaching processes on the properties of saline 
soils, samples were taken from highways in characteristic sections of the Syrdarya region 
4P33 "Ulyanova-Naiman (Gulistan-Gagarin 18 km)" (Fig. 1) and the Republic of 
Karakalpakstan "Khalkabad- Kegeyli, 3 km". The characteristics of natural saline soils, 
determined in laboratory conditions, are shown in tables 1 and 2. Laboratory tests of soils 
were carried out according to the current standard methods. Static processing was carried 
out on them. 
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Fig. 1. Highway 4P33 "Ulyanova-Naiman 
(Gulistan-Gagarin 18 km)" 

Fig. 2. Khalkabad-Kegeili highway, 3 km 
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Syrdarya region, 
4R33 "Ulyanovo-
Naiman (Guliston-
Gagarin 20 km)" 

16.6 29 23 6 17.60 1770 

Heavy 
silty 

sandy 
loam 
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Karakalpak 
Republic 

"Khalkabad-
Kegeili Highway, 3 

km" 

12.1 32 21 15 20.50 1720 
Heavy 
silty 
loam 

Table 2. Salt content in natural soils, % 
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1 5.11 0.01 0.35 3.20 0.05 1.49 Sulfate-chloride Strongly salty 
2 1.34 0.01 0.07 0.15 0.23 60.95 Sulfate Medium salted 

 
Filtration leaching of soils was carried out in the F-1M device according to the upward 

flow pattern. A sample of the natural constitution, previously tested according to the above-
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described scheme, was placed into the device. To eliminate wall filtration, the lateral 
surfaces of the sample were processed according to the technique proposed by V.P. 
Petrukhin [30]. The sample was cut with a smaller diameter relative to the ring of the F-1M 
instrument (S = 50 cm2). A thin layer of plastic glue was applied to its lateral surfaces, and 
the gap between the ring and the sample was filled with paraffin. Such processing makes it 
possible to assume that the movement of the liquid occurs exclusively through the volume 
of the soil. 

Water filtration was carried out under high pressure gradients (up to J = 100) created by 
the water column. At the same time, its limiting value was set not at a time but constantly, 
in steps (J = 10, 30, 60, 100). To determine the amount of leached salts during the 
experiment, the infiltrate was taken, its volume and mineralization were recorded. At the 
end of the tests, the soil was tested according to the general scheme. 

The result of the experiment on filtration leaching of soil was the analysis of its effect 
on changes in the mechanical properties of the studied soils. 

To obtain the strength characteristics of the studied soils, single-plane shear devices 
with a fixed shear plane of the Hydroproject system were used. To assess the influence of 
the leaching process on the strength indices of the studied soils by the methods of 
consolidated and fast shear, tests of pre-leached samples were performed. When testing 
soils, samples were cut, pre-compacted with the same specified load (Pw = 0.0; 0.1.5; 0.2; 
0.3 MPa) and leached for 1-1.5 months. 

To obtain a comparative characteristic of the strength of soils, the method of penetration 
with a laboratory cone with a tapered indenter angle of 30 ° was used. Penetration tests 
were carried out according to the scheme of gradual (stepwise) loading of the cone with 
increasing loads with simultaneous registration of the immersion depth (with an accuracy of 
0.1 mm). 

Creep tests of specimens were carried out in shear devices of the Hydroproject system 
according to the method of N.N. Maslova and Z.M. Karaulova [31]. 

In laboratory conditions, the deformation modulus was determined by carrying out 
compression experiments [32, 33]. In connection with a sharp change in the deformation 
modulus of soils during moistening, to obtain a complete characterization of deformability, 
tests were carried out at two values of humidity: at natural and after water saturation 
without the possibility of swelling. 

Compression tests were performed using the 2-curve method. One branch at a time - on 
naturally moist soils at P = 0.0; 0.05; 0.1; 0.15; 0.2; 0.25 and 0.3 MPa, with saturation at P 
= 0.3 and 0.5 MPa. 

On the second branch - with saturation at Rbyt, followed by bringing the loads to 0.3 
MPa. 

3 Results and Discussion 

To assess and predict the deformation modulus of water-saturated sandy loam and loamy 
soils, an analysis of the results of compression studies was carried out. The results of the 
correlation-repression analysis are shown in table 3. 
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Table 3. Dependence of the deformation modulus of loam on the initial porosity coefficient 

№ Pressure range, 
MPa Humidity 

Deformation modulus 
range Correlation 

coefficient porosity coefficient 

1 0-0.3 Natural 3÷20 
0.64÷0.94 0.10 

2 0-0.3 water saturated at Р=0 2.5÷9.0 
0.64÷0.94 0.66 

3 0-0.5 Natural 4÷20 
0.78÷1.03 0.70 

4 0-0.5 water saturated at Р=0 2.5÷4.7 
0.73÷1.00 0.71 

 
It can be seen from the data presented that the deformation modulus of water-saturated 

loams satisfactorily correlates with the value of the initial porosity coefficient. Whereas for 
loam of natural moisture, there is no dependence of the deformation modulus on the 
porosity coefficient (for the pressure range of 0-0.3 MPa), there is a significant scatter of 
data. This circumstance can be explained by the fact that the water saturation of the soil 
largely neutralizes the features of the structure, weakening the structural bonds [34, 35]. 

To characterize the change in the deformation modulus during soil water saturation, it 
is recommended [35] to use the structure weakening coefficient, i.e., the ratio of the 
deformation modulus at natural moisture and after water saturation: 
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е
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where: Ee and Ez are the values of the deformation moduli at natural humidity and after 
soaking, respectively; Кo.c. is structure weakening coefficient. 

The coefficient of weakening of the soil structure at water saturation satisfactorily 
correlates with the degree of water saturation (see table 4). 

From table 4, it is clearly seen that additional water saturation of loam with a water 
saturation degree of Sr = 0.6-0.7 does not lead to further weakening of the structure. Further 
weakening of the structure of water-saturated soils can only be due to the dissolution and 
removal of solid structural elements. Thus, in soils with a degree of water saturation Sr≥0.7 
soaking practically does not change the value of the deformation modulus. 

Table 4. Dependence of the attenuation coefficient of the loam structure on the degree of water 
saturation 

№ Pressure range,  
MPa Sr Ко.с. 

Correlation 
coefficient 

1 0-0.3 

0.4 
0.5 
0.6 
0.7 
0.8 

4.8 
2.2 
1.2 
1.0 
0.8 

0.78 

2 0-0.5 

0.3 
0.4 
0.5 
0.6 
0.7 

3.0 
2.0 
1.5 
1.0 
0.9 

0.51 
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According to the data of compression tests of collapsing soils at natural humidity and after 
water saturation at zero pressure, the value of the structure weakening coefficient shows a 
significantly wide range of values from 1 to 13-15, but if we discard the obvious 
"rebounds" characteristic of samples of poor quality, then the range of change in the value 
of Ko.с. decreases to 1-5. 

The value of the coefficient of weakening of the soil structure depends on the effective 
average pressure: at pressures P <Pstr. value Ko.с.. varies for soils in a sufficiently wide 
range. But after the breaking of natural structural bonds and the formation of new structural 
bonds of hardening at P> Рf.str, the value of Ko.с. decreases and approaches one. The value 
of Ko.с is close to unity for fully water-saturated clayey soils unless leaching of the 
structural elements represented by soluble minerals occurs. 

Table 5 shows the change in the modulus of soil deformation as a result of water 
saturation. 

From the given data table 5, it follows that the modulus of deformation of clay soils as a 
result of water saturation decreases approximately 2 times. The degree of reduction depends 
on the value of the initial deformation modulus: the higher it is, the more significant its 
change. 

Table 5. Change in the modulus of soil deformation as a result of water saturation 

 
Soil 

 
W, % 

 
l 

 
WТ, % 

 
WP, % 

Deformation modulus in 
the pressure range 

0-0.3MPa  
Ко.с. natural 

humidity 
water-

saturated 
Heavy silty sandy 

loam 8 0.635 23 18 20 9.4 2.15 

Heavy silty loam 17 0.750 39 24 8.6 4.0 3.10 
 

3 Results and Discussion 

The results of compression studies by the "three curves" method of loamy and sandy 
loam saline soils are shown in table 6. Leaching was carried out by washing with distilled 
water for 25-60 days until a constant amount of removed salts in the sequentially taken 
samples of the filtrate was established. 

Table 6. Change in the modulus of deformation of saline soils as a result of water saturation and 
leaching 

Soil Porosity 
coefficient 

Plasticity 
number 

Leaching 
rate, β 

Deformation modulus in the pressure 
range 0-0.3 MPa 

natural 
moisture 

water 
pump. leached 

Heavy silty 
sandy loam 

0.65 
 

6 
 

0.38 
 

22 
 

9.3 
 

3.7 
 

Heavy silty 
loam 

0.75 
 

15 
 

0.24 
 

8,5 
 4.2 3.3 

 
The given data follows that the deformation modulus as a result of water saturation and 
leaching decreases from 1.46 to 6.0 times. The degree of decrease depends on the value of 
the initial deformation modulus: the higher it is, the more significant its change. 

It should also be noted that the change in the deformation modulus depends on the 
degree of its leaching (fig. 3). It should be noted that the decrease in the modulus of 
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deformation is due to an increase in the pore volume of the soil due to the removal of salts, 
which most strongly affects the compressibility of the soil during leaching. 

 
Fig. 3. Change in the moduli of the general soil deformation depending on the degree of leaching of 
sandy loam soil 

It should be noted that the conditions for preparing the carrying out of shear tests make it 
possible to take into account the peculiarities of soils in the conditions of their operation in 
the massif to the maximum extent. In this regard, shear tests of soils were performed 
according to the method of N.N. Maslov [31, 32], which allows determining the parameters 
of strength and creep of soils and their changes under the influence of water saturation and 
leaching processes. The results of the studies performed are shown in table 7. 

Table 7. Change in the mechanical properties of saline soils as a result of leaching 

Soil 

Before leaching at natural 
moisture-density  

Leaching 
rate β 

 

After leaching 
 

Clutch, MPa Internal friction 
angle, φ, deg 

Clutch, 
MPa 

Internal friction 
angle, φ, deg 

Heavy silty sandy 
loam 0.025 16.5 0.38 0.018 11.3 

Heavy silty loam 0.060 11.5 0.24 0.037 7.2 

 
It should be noted that the change in the properties of soils in the process of their leaching 
is associated with a change in their salt complex, first of all, with a change in the amount of 
easily and moderately soluble salts. 

4 Conclusions 

Based on the research carried out, the following can be done: 
1. The criterion for the permissible content of salts in the base should be taken not only 

the value of the degree of salinity but also the change in the indicators of the mechanical 
properties of soils during soaking and leaching. 

2. The processes of water saturation and leaching significantly affect the deformation 
modulus, cohesion, angle of internal friction, ultimate strength, creep threshold, and 
viscosity coefficient of the studied soils. 
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3. The degree of change in the parameters of deformation and strength is determined, 
first of all, by moisture, density, and disturbance of structural bonds in the course of 
leaching of the studied saline soils. 

4. The design of highways on saline soils should include two main stages: determination 
of the values and nature of the decrease in mechanical properties during water saturation as 
a result of soaking and during leaching as a result of prolonged filtration of water; the 
appointment of a set of measures aimed at ensuring the reliability of the roadbed during 
leaching. 
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3. The degree of change in the parameters of deformation and strength is determined, 
first of all, by moisture, density, and disturbance of structural bonds in the course of 
leaching of the studied saline soils. 

4. The design of highways on saline soils should include two main stages: determination 
of the values and nature of the decrease in mechanical properties during water saturation as 
a result of soaking and during leaching as a result of prolonged filtration of water; the 
appointment of a set of measures aimed at ensuring the reliability of the roadbed during 
leaching. 
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