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Abstract: The results of calculation of stability of dam slope based on the filtration of soil anisotropy. The effect of filtration anisotropy of soils on the 
stability of the uphill slope at different rates of water decrease in the upstream has been studied. 
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1 INTRODUCTION 

The main trend in the construction of water-supporting 
hydraulic structures in the region in question, as well as in 
domestic and foreign practice, is the predominant construction 
of dams from ground materials. At the same time, low-
permeable soil materials are widely used not only in 
impervious elements (screens and cores), but also in the body 
of resistant dams prisms. 
 

2 The practical significance of the research  
From the point of view of the stability of dams from low-
permeable soils, the greatest danger is represented by the 
flooded slopes of the upright prisms of earth dams and the 
banks of reservoirs in cases of a rapid decrease (drawdown) 
of the upstream water horizon. These circumstances result in 
dams slopes of the type considered in a significant lag the 
depression surface seepage of the water level of the upstream 
and as a result, the appearance of dangerous hydrodynamic 
water pressure directed in upland thrust prisms and slopes 
generally towards the reservoir, the neglect of which per can 
disrupt the stability of slopes. When calculating the transient 
filtering in practice often considered isotropic filtration, 
characterized by the same soil conductivity in the direction of 
the coordinate axes, however, it is necessary to solve the 
problem of anisotropic in some cases. The anisotropy of the 
soil in the body of the ground dams arises as a result of the 
physicomechanical properties of the compacted soil, and as a 
result of the technological features of the method used for the 
construction of the dam. Anisotropy of the soil increases the 
position of the depression curve and slows down the drainage 
process of the dam body, especially with a rapid decrease in 
the water level in the upstream. As a result, the slope stability 
decreases and the drainage conditions deteriorate. This article 
is devoted to the study of the influence of the anisotropy of the 
soils of the body and the base of the dam on the stability of the 
slopes of the soil dam. To assess the impact of this dam slope 
stability calculations have been carried out. Upland slopes 
were considered in the event of a change in the level of the 
headwater over time. In computational practice, there are still 
no accurate methods for determining the stability of slopes for 
any form of sliding surfaces of the collapse compartments. 
Existing methods consider an imbalance either on a curved 
surface or on a broken line. The hypothesis of a circular-
cylindrical sliding surface is based on the study of landslide 
phenomena, which make it possible to establish that the 
shape of the surface collapse of homogeneous earth masses 
is close to circular-cylindrical. Sliding of slopes on flat surfaces 

is most often observed when there are soils with very different 
physicomechanical properties within the limits of the slope, 
and also when there is a weak soil at the base of the layer. 
There are a number of methods that represent a combination 
of those already described [2]. The most common in the 
calculation practice received the method of circular-cylindrical 
sliding surfaces. The most acceptable method of calculating 
the stability of the slope is this method. Calculations of the 
stability of the dam slopes were carried out according to the 
program “RUZO”, developed by Kharkiv Vodokanalproekt 
together with the VNGEO VNII [2]. In the program "RUZO" the 
safety factor is determined by the formula [2]: 
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where, r - the radius of the sliding surface; 

ΣMakt - the total time of the volume and surface forces 

acting on the prism of the collapse; 

G is the weight of the i - that elementary column Δbi with 

regard to water, the slip area within which has a slope αi; 
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  - the resultant of the hydrodynamic 

pressure on the sole i - the element in conditions of the filter; 

Ui is the resultant of the excess pore pressure at the sole of 

the i - that element; 

μi and νi - coefficients which reflect the methods adopted in 

consideration of the interaction between the elements, 

respectively, the solid and liquid phases. 

In the calculation of slope stability of earth dams is 

important the correct consideration of the effect of forces due 

fil¬tratsionnym flow, hydrodynamic forces filtration po¬toka 
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usually have a significant impact on the operation of structures 

and their neglect in some cases can lead to serious errors in 

the design. Accounting of the filtration forces in the program of 

the RUZO was carried out according to the method of I.V. 

Fedorov and V.S. Zabavin [2]. According to this method, the 

filtration force is determined for each design compartment. 

They have proposed a method for taking into account the 

normal and tangential components of the filtration forces when 

calculating the stability of a slope. This method is widely used 

in practice. The quantity of filter strength according to this 

method is determined by the formula. 

 УсрвУ JвF                 (2) 

where γv - the density of water; 

a - the width of the compartment; 
      Zsr - averaged height of the compartment; 
       JY - pressure gradient. 

 
Consider the stability of the upper slope of dams, 
characterized by the following data: height hn = 22 m; laying 
the upper slope m1, = 3.0; soil density γ in = 2.1 t / m3, density 
of suspended soil γ in = 1.1 t / m 3; the angle of internal friction 
of the soil is φ = 23 °, the specific cohesion of the soil is C = 
7.5 tf / m 2. The calculations were performed taking into 
account the unsteady filtering at various degrees of discharge 
of the pool. The position of the depression curve 
corresponding to each value is not determined taking into 
account the filtration anisotropic soils [3]. The results of 
calculations of the stability of slopes are given in table 1. 

 
Table 1. The results of the calculation of the stability of the 

upper slope 
 

The rate of 
drawdown of 

the water 
level in the 

upper reach 
in m / day 

Time of 
decline 
Per day 

Ke 
isotropic 

Ke 
anisotropic 
Kx / Ku = 4 

Ke 
anisotro

pic 
Ku / Kx 

= 8 

V=0.5 

Т=0 1,75 1,75 1,75 

Т=8 1,7 1,72 1,74 

Т=12 1,67 1,7 1,71 

Т=24 1,48 1,49 1,51 

Т=36 1,40 1,41 1,42 

Т=44 1.26 1,28 1,30 

V=1 

Т=0 1.75 1.75 1.75 

Т=4 1.54 1,56 1,59 

Т=6 1.52 1,53 1,55 

Т=10 1.44 1,46 1,48 

Т=18 1.36 1,38 1,39 

Т=22 1.19 1,21 1,25 

V=5 

Т=0 1,75 1,75 1,75 

Т=0,8 1,51 1,46 1,47 

Т=1,2 1,50 1,42 1,44 

Т=2,4 1,46 1,43 1,46 

Т=3,6 1,33 1,19 1,27 

Т=4,4 1,054 0,93 0,96 

 
 

 

As shown by the results of calculations of the stability of the 
upper slope at different rates of lowering the water level in the 
upper reach (Table 1.). Accounting for soil anisotropy (5-10%) 
increases the stability of slopes at = 0.5 and 1.0 m / day. even 
at the expense of changing the position of the depression 
curve. At high speeds of decrease = 3.0-5.0 m / day, the 
stability of slopes decreases by 3-11%. 

 

CONCLUSION 

1. By calculating the stability of the upper slopes, taking 
into account the anisotropy of the soil, it has been 
established that at low speeds of reducing slopes up 
to 2 m / day, the stability of the upper slope increases 
compared with isotropic filtration due to a more 
uniform change in filtration pressure in the 
computational area. 

2. However, at high speeds, the processing of the water 
level in the upstream (3-5m / day or more) may cause 
a significant lag in the depression curve from the 
upstream water level and the appearance of 
dangerous hydrodynamic pressure of water directed 
toward the upper slope. Water reductions with such 
speeds are possible on the dams of the GAES 
operating in peak mode, reservoir dams reducing 
water with such speeds are possible in case of 
emergency. 
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