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ABSTRACT:Depending on the regional features 

of the loess-like subsidence soil, common in 

Mongolia, in some cases it does not correspond to 

the category of subsidence soils in terms of 

physical and mechanical indicators, regulated in the 

norms and regulations of the Russian Federation 

and other countries. Based on this, it becomes 

necessary to increase the accuracy of determining 

the value of the mechanical parameters of 

subsiding soils, depending on the class of 

responsibility of the building being constructed. 

Due to these negative factors, many buildings built 

in the study area suffer from deformations and 

damage due to uneven settlements in excess of the 

allowable value. It takes a lot of time and money. 

Unfortunately, as a result of repair and 

reinforcement work, it is not possible to fully 

restore the buildings to the requirements specified 

in the BNbD and SNiP, especially since the 

territory of Mongolia is located in an active seismic 

zone, the building remains at great risk in case of 

possible earthquakes. For this reason, this article 

discusses the results of studies aimed at 

determining the mechanical parameters of the soil 

depending on the class of the building according to 

the degree of responsibility with great accuracy and 

relatively low cost. 

KEYWORDS:loess soils, soil moistening, 

structural bond, strength indicators, deformation 

indicators, subsidence. 

 

I. INTRODUCTION 
According to the results of previous 

studies, loess-like soils are distributed over about 

30% of the territory of Mongolia and it is likely 

that these percentages will increase and other types 

of loess soils will be found as the volume of 

engineering and geological surveys increases 

(Nyamdorj S.[1]). Regional features of loess-like 

soils common in Mongolia are the predominance of 

el and partially el-proluval and delluval deposits of 

genetic origin, high macroporosity and 

undercompaction caused by the effect of 

sublimation occurring in the state of permafrost and 

seasonal deep freezing, low humidity, high content 

of silty particles (more than 50%) as a result of 

repeated cyclic freezing-thawing of the soil, solid 

particles are crushed, in addition to them, in their 

natural state they have relatively high 

characteristics of bearing capacity and 

deformability due to structural compounds formed 

by the content of corbanate and other salt 

compounds, as a result moistening of the latter, a 

drawdown occurs. 

 

II. THEORETICAL BASIS 
The main factors affecting the strength of 

subsiding soils cemented with natural carbonate 

and other salts are natural moisture, chemical 

composition, structural cemented soil bond and 

their interaction with water. These parameters 

mainly depend on the regional features of the 

origin of loess soils, the geochronology of its 

formation, and also on the rheological 

characteristics of the soil. Consequently, the 

strength and deformation parameters of the loess 

soil is determined by analytical calculation 

depending on the change in humidity C=f(W); 

φ=f(W) and E=f(W). 

There are a number of proposed 

theoretical calculation methods for determining the 

variability of mechanical characteristics depending 

on the increase in the moisture content of 

subsidence clay soil (Mustafaev A.A. [2], Robert 

L.Parsons et al. [3], Крутов В.И. et al.[4], 

Mangushev R.А. et al. [5], Agnieszka  Lal [6], 

Дашжамц Д.[7], Bingli Gao, Lulu Su [8], Laishuan 

Zhoo, Tiehai Wu [9]). According to the author, the 

most acceptable for this condition is the method of 

analytical calculation proposed by Professor 
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Mustafaev A.A. [2]. He put forward a theoretical 

hypothesis that a moist loess-like subsiding soil is a 

quasi-homogeneous and quasi-heterogeneous solid 

body with viscous-plastic compressibility, and the 

equation of state for such a body has the form: 

σ = σп + σв = σу; 

e = eу + eп;       eп = eв;  (1) 

 

where:   У, В, П - are indices that correspond to the 

stress-strain state of the elastic and viscous-plastic 

state at compressibility. 

After certain transformations and replacements of 

the above equation, I received the following 

equation, which expresses a complex stress state. 

 

σ = C − ρd 1 + e y + W y, z + λ  ey +
2

3
μ  2 −

f∂ey∂t;   (2) 

 

In the state of incompletely saturated loess soil, 

when the moisture content goes into the state 

Wcr ≤ W ≤ Wsat  the pattern of change in strength 

and deformation can be expressed by the 

mathematical law of the second-order curve [2]. 

For example: the mechanical parameters of wet soil 

change according to the following law: 

CW = CH − CHJL (2Wsat + Wi);  (3) 

φW = φH −φH JL (Wsat +
W

2
);  (4) 

EW = EH − EHJL (Wsat + 0.5W);  (5) 

where: CH- adhesion force of soil with natural 

moisture 8, φH  - angle of internal friction of soil 

with natural moisture; E - soil deformation 

modulus with natural moisture; JL , WL , Wp , Jp - are 

accepted based on the results of engineering and 

geological research; Wsat -moisture content of loess 

soil at water saturation; 

Wsat =
e ρ  W

ρs
  ,   (6) 

where: e-coefficient of porosity of loess soil; 

e =
ρs−ρd

ρd
  ,   (10) 

 

III. MATERIALS AND METHOD 
Using these dependencies, established by 

A.A. Mustafaev, the mechanical parameters (C, φ, 

E) of silty sandy loamy soil, common in the 

territory of Darkhan-Selengiyskiy and Edenet-

Orkhonskiy districts, are calculated, depending on 

the change in humidity (Wi), taking into account 

regional features ([10]). The calculation results are 

presented in tables 1 and 2, respectively. 

Table of dependence of mechanical characteristics 

(C, φ, E) on changes in moisture content (Wi) of 

sandy loamy soil of the Darkhan-Selengsky region 

Table-1 

№ 𝐖𝐢 𝐉𝐋 𝐂𝐰, кПа 𝛗𝐰, град 𝐄𝐰, мПа 

1 0.04 -0,523 14.18 24.27 11.89 

2 0.06 -0,256 12.23 24.13 11.76 

3 0.08 0,000 7.95 23.35 11.27 

4 0.10 0,328 7.06 21.31 10.85 

5 0.12 0,615 6.83 18.90 5.18 

6 0.148 1,000 6.24 17.81 3.91 

7 0.16 1,217 5.95 17.05 3.15 

8 0.18 1,485 5.64 16.68 2.68 

 

Table of dependence of mechanical characteristics (C, φ, E) on changes in moisture content (Wi) of loamy soil 

of Orkhon-Erdenet region 

Table-2 

№ 𝐖 𝐉𝐋 𝐂𝐰, кПа 𝛗𝐰, град 𝐄𝐰, мПа 

1 0.06 - 47.21 22.31 12.92 

2 0.08 -0,623 46.83 22.10 12.34 

3 0.10 -0,381 43.55 21.60 11.98 

4 0.12 0,000 27.91 20.32 9.12 

5 0.14 0,431 17.83 18.61 4.87 

6 0.16 0,762 14.67 17.72 4.05 

7 0.18 1,243 13.05 17.30 3.29 

8 0.20 1,520 11.81 16.82 2.76 

9 0.22 1,836 10.71 16.47 2.68 
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IV. RESULTS AND DISCUSSION 
Based on the methodology of A.A. 

Mustafaev developed a calculation method for 

determining the patterns of changes in the 

mechanical parameters of subsiding soils when 

moistening the loess-like sandy soil of the 

Darkhan-Seleng and Erdenet-Orkhon regions in the 

form of a calculated nomogram. The method of 

using nomograms is shown in Figures 1…4. 

 

a. Method for determining the value of the flow index𝐉𝐋 

 
Fig. 1. Nomogram for determining the value of 

the flow index depending on the increase in 

soil moisture JL=f(Wi ). 

 

Based on the results of the analysis of the 

nomogram, the dependencies JL = f Wi  are 

established: 

- for sandy loam: with an increase in soil moisture 

W = 0.04÷0.08, the fluidity index changes JL = -

0,60 ... 0.00, with a further increase in humidity W 

= 0.08 ... 0.18, the index JL = 0.00 ... 1.50 increases 

linearly in proportion; 

- for loam: with an increase in soil moisture W = 

0.08 ... 0.12, the fluidity index changes JL = -0.75 

... 0.00, with a further increase in humidity W = 

0.12 ... 0.22, the fluidity index JL = 0, 00…1.80 

increases linearly proportionally. 

 

b. Method for determining the value of the adhesive force 𝐂𝐰 

 
Fig. 2. Nomogram for determining the value of 

the adhesion force 𝐂𝐰  =  𝐟(𝐖𝐢) depending on 

the increase in the moisture content of clay 

soils. 

 

According to the results of the analysis of the 

nomogram, the dependencies Cw  =  f(Wi)are 

established: 

- for sandy loam: with an increase in soil moisture 

W = 0.04 ... 0.08, the adhesion force changes Cw = 

14.18 ... 7.95, with a further increase in humidity 

W = 0.08 ... 0.18, index Cw = 7, 95…5.64 decreases 

according to a non-linear dependence; 

- for loam: with an increase in soil moisture W = 

0.06 ... 0.14, the adhesion force decreases in the 
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range Cw = 47.21 ... 17.38, with a further increase 

in humidity W = 0.14 ... 0.22, the adhesion Cw = 

17, 38 ... 10.71 decreases according to a non-linear 

dependence. 

 

c. Method for determining the value of the angle of internal friction 𝛗𝐰 

 
Fig. 3. Nomogram for determining the value of 

the angle of internal friction 𝛗𝐰 =
 𝐟(𝐖𝐢)depending on the increase in the 

moisture content of clay soils 

 

According to the results of the analysis of the 

nomogram, the dependences φw  =  f(Wi)are 

established: 

- for sandy loam: with an increase in soil moisture 

W = 0.04 ... 0.18, the angle of internal friction φw = 

24.27 ... 16.68 decreases according to a non-linear 

dependence; 

- for loam: with an increase in soil moisture W = 

0.06 ... 0.22, the angle of internal friction φw = 

22.31 ... 16.47 decreases according to a non-linear 

dependence. 

 

d. Method for determining the value of the modulus of deformation 𝐄𝐰 

 
Fig. 4. Nomogram for determining the value of 

the deformation modulus 𝐄𝐰 = 𝐟(𝐖) depending 

on the increase in the moisture content of clay 

soils 

 

 

Based on the results of the analysis of the 

nomogram, the dependences Еw = f(Wi) are 

established: 

- for sandy loam: with an increase in soil moisture 

W = 0.02 ... 0.18, the value of the deformation 

modulus Еw = 11.89 ... 2.53 MPa decreases 

according to a non-linear dependence; 
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- for loam: with an increase in soil moisture W = 

0.04 ... 0.10, the value of the deformation modulus 

Еw = 12.92 ... 2.68 MPa decreases according to a 

non-linear dependence. 

 

V. CONCLUSION 
According to the results of the analysis of 

the numerical values of the mechanical parameters 

of subsidence clay soils on the nomograms 

J_L=f(W_i ),  C_w  =f(W_i ), 〖 φ〗_w=f(W_i ),  

Е_w=f(W_i )  depending on the properties of the 

subsidence soil and the mode changes in the 

humidity of these areas, the possibility of 

application is established taking into account the 

probability of a change within ± 5.0% and the 

compatibility of the numerical values determined 

by the nomogram in comparison with the 

classification characteristics established by the 

MNS “Soil Classification” standard is with an error 

of 3.0-9.0%. 
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