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Deformation processes in open drainages
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Abstract. The quality and quantity of agricultural products depend on
land reclamation. Collector-drainage systems are used to improve the
reclamation state of irrigated areas. The article discusses the stability of
slopes of open collector-drainage networks in the irrigated lands of the
Hungry Steppe. Discussed problems create during construction and
providing productivity of drainages system in irrigation fields. The causes
of the deformation process are discussed. The deformation process
occurring as a result of landslides of the banks of open collectors is
estimated. Recommendations for determining the stability of the banks of
an open collector are based on the definition of a model of circular
cylindrical sliding surfaces. Used statistic law of mechanics in calculation
work based on the model of the ground movement around a cylindrical
surface. During calculations, the main attention is given to the weight
force, hydrodynamic force, and bite force of the ground. Stability
coefficient calculated according to keeping moment (M1) moving moment
(M2). In determining the stability of the soil, the main factor of the
coupling of the adhesion between the soil particles is substantiated. The
suffusion process occurring as a result of moistening and salinization of the
soil of the shores of an open reservoir is estimated and analyzed,
decreasing of stagnation coefficient in a result of ground absorption
process. Analyzing soil samples of various salinities under laboratory
conditions, soil adhesion was evaluated. Based on the studies,
recommendations are given for the restoration of the shores of open
drainages. The given recommendations are based on increasing the
drainage's resilience and preventing deformation processes from
constructing the drainage in slopes.

1 Introduction

Collector-drainage systems (CDS) play an important role in improving the reclamation state
of irrigated lands. The main part of the irrigated lands of the Hungry Steppe is made up of
sowing areas of the Syr Darya region. To provide water for the irrigated lands of the Syr
Darya region in 1896, the Dustlik canal was built. Subsequently, in 1926, 180 km of canals
and canals were built, irrigated areas reached 53 thousand hectares. As a result of the
intensive development of the steppes in 1956, irrigated land areas reached 280 thousand
hectares, and agricultural products were grown. By constructing in 1960 a canal in the
southern Hungry Steppe and Boevut, the Farhad reservoir, the tasks of irrigation of the
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southern part of the Hungry Steppe were solved[1,2,3]. The imperfect work of the CDS
system led to an increase in the groundwater table, salinization, and worsening of the land
reclamation state. The quality and quantity of agricultural products declined. To improve
the reclamation state of the sowing areas, intensive construction of KDS began. In the
beginning, drainage systems Shuruzak, Boevut, and Ettisay were built. Then, the drainage
systems of Sardoba and Vostochny were built. Built-in 1958, the Central Hunger-Steppe
collector at a length of 90 km began to serve for the removal of saline water from the
Boevut and Ettisay water supply networks[4,5,6]. To ensure the intensive operation of
drainage systems in the Syr Darya region, they are widely conducting treatment works.
However, as result of salinization of the irrigated areas, it has affected the change in the soil
composition of open collectors.

In the republic, in cases of irrigated land, there are very often cases of landslides of soils
on the banks of constructed open collectors. There are deformation processes associated
with expanding reservoir beds, raising the bottom, changes in design dimensions. All this
led to a decrease in the efficiency of the CDS, the result of which is the rise of the
underground groundwater horizon and cases of salinization. This condition can be found in
almost all regions of the republic. To improve the reclamation state of the land,
reconstruction of the CDS is required. The reconstruction of open collectors requires a lot
of money. Since, when restoring the coast, the importation of many soils and, to the extent
necessary, compaction is required. But, sometimes, due to the increased degree of soil
salinity on the restored shores, landslides are again observed[7,8]. This requires additional
costs.

2 Methods

Natural soils, in many cases, have an internal force of friction, as well as the strength of the
relationship between particles. The method of circular cylindrical sliding surfaces makes it
possible to assess the stability of a slope consisting of various soils[9,10]. In this method,
the slip of the slope is accepted, based on numerous experiments, occurs as if on a round-
cylindrical surface. And the position of the center of the circle is determined by
calculations. Consider the slip of a slope consisting of an ABD prism. Imagine that the
prism of the ABD slides along the arc of the AB of a circular cylinder, and its center is
located at point O.
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Fig. 1. Scheme of circular cylindrical sliding surfaces of the soil.
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In this case, the ABD is called the slip prism, and the AD curve is the slip area. Let R
denote the radius of this circle, divide the prism of the ABD in the vertical direction into
several parts. We do not consider the vertical forces arising within each part with the
neighboring one (these forces are equal and arise in the opposite direction, respectively. We
take one i-th part from these parts. Let its weight P;be in the center along the arc. Divide the
force P; by N;-on normal and T;-tangential force. Let the ABD slip prism be in the state of
boundary stresses[12,13,14]. Therefore, taking the moments of all acting forces concerning
point O and taking it equal to zero, we arrive at the equilibrium condition or

> M=0

We consider L as the length of the force of the relationship between the particles,
distributed along the arc of AD.

> M, :iTi -R—iNi -tgp-R—c-L-R+P S, —P, -8, =0, (M
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there: T and N are components (P) of the weight of the soil, R is radius of the arc, L is
length of the arc, ¢ is angle of internal friction, ¢ is cohesion of the soil, F is force
hydrostatic pressure.
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Expression (1) is reduced to R
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The ratio of the holding moment (M) to the moving one is the stability coefficient (M)

i=1
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The calculation of the stability coefficient does not end the calculation work. Because
the center of the slip of the arc is chosen arbitrarily, therefore, it is necessary to determine
the most dangerous position of the center of the slip area. For this, it is necessary to
determine the minimum value of the stability coefficient for various positions of point O.
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Fig. 2. Scheme of determining stability.

To facilitate the calculation work from the upper crest of the slope of point B relative to the
horizon, a beam is directed at an angle o [15,16]. Looking at the points O1, O2, O3, etc.,
located in it as the center of a circle according to the stability condition, the required
strength of the interconnection of particles is determined by equation (1).

ST -3N,-tgp+P,-S,~P,-S,
i=1

c= ' . 3
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Then, from all possible centers of the circle, the largest required force of the
interconnection of particles is determined. Looking at this point as the most dangerous
center, the stability coefficient is determined by expression (2). If n> 1,1 ... 1,5, the slope
stability is ensured [17, 18].

If we analyze the above equation 2, we see that the stability of the slope in the drainage
is associated with soil adhesion.

3 Results and Discussion

The channel of open drainages mainly consists of bound soils, the number of instant salts in
the water increases in their composition. They cement the rock in a dry state and at the
same time weaken it when moistened. This condition leads to swelling, moisture, and
diffusion dissolution. As a result of water absorption in dry saline soil, salt dissolves as
mechanical powder. One part of the saline solution is absorbed into the soil colloids.
Another part replenishes the micro-hollows of the microaggregates. The rest, under the
influence of the water flow, is removed from the soil. In this case, the soil strength
concerning erosion decreases[19].

According to the composition of soluble salts in the soil, they can be divided into the
following groups:
e slightly soluble (perchloric, salty with sulfur, sodium carbonate, and potassium salt);
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e sparingly soluble (calcium sulfate);
e sparingly soluble (calcium and magnesium carbonates).

Suffusion is a change in the physical and mechanical conditions of the soil under the
influence of a stream of water. Salt suffusion leads to the destruction of the strength of the
soil structure, i.e., leads to the release and dissolution of salts from the soil layer. In some
cases, it is considered a cause of erosion.

The amount of salts in the soil is of primary importance in salt suffusion. A small
number of them in the soil does not lead to dangerous suffusion deformations. A large
amount in the soil under the influence of the flow leads to a change in the properties of the
soil. This, from the point of view of the development of mechanical suffusion, will be
dangerous. When soil is enriched with water, capillary forces disappear. The molecular
force of attraction is reduced, and the properties of the addition of organic substances of
salts and clay minerals are also reduced. So, with increasing soil moisture, its relationship
decreases. As a result of a decrease in the relationship between soil moisture, the resistance
of saline soils to hydrodynamic stress decreases. At the beginning of the dissolution of
salts, a condition appears for the onset of mechanical suffusion [20].

To study the nature of saline-bound soils, samples were taken from the banks of open
drainages. Of the samples taken in laboratory conditions, 4 different samples were prepared
according to the degree of salinity, and experiments were carried out. According to the
results of the experiments, the adhesion force and the angles of internal friction in saline-
bound soils were determined.

Table 1.Mechanical properties of saline soils.

Ground sample Bearing force ¢, kg / cm2
Non-saline ground 0.35
Poor saline ground 0.13
The average saline ground 0.03
Highly saline ground 0.017

soil clutch kgf sm?

0,05 —T

soil samples

Fig. 3. Mechanical properties of saline soils

The analysis shows that the increasing salt content of the soil contributes to a decrease in
the slope of the soil bed of channels. As a result, the banks of the collectors face to water
erosion and moves to the center of the collector.
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We must justify the hydraulic parameters for the planning of open drainages, taking into
account soil salinity. As a result, we will be able to prevent coastal collapse. The slope
coefficient values in QM and Q are calculated only for nonsaline soils. Based on the above
equations and samples analysis, the slope coefficient was calculated, taking into account the
depth value for saline soils (Figure 4).
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Fig. 4. The slope coefficient of the ground.

The slope coefficient proposed in m;-QM and Q, in m,-saline granules.

The given graphic is the slope of the saline soils and is used for designing and
constructing open drainages. As a result, the open drainages are prevented from
deformation processes.

4 Conclusions

Determined the cause of the deformation processes as a result of erosion of the drainage
bed shoreline. Based on the findings, one can summarize the following conclusions and
recommendations for preventing deformation in open collectors.

In calculating the stability of the open drainages of the constructed openings, only
calculations were performed taking into account the ground weight, internal friction, and
bending forces. The effect of underground water is not taken into account. It is
recommended that calculations be carried out, taking into account the force generated by
groundwater impact.

During the planning of open collectors, there were not taken into account when soil
salinity is taken into account. According to laboratory analysis and experiments, increased
salinity leads to the occurrence of suction processes and reduced soil bending strength. As a
result, the soil's stagnation decreases, and the deformation process occurs at the bottom of
the ditch.

When planning open drainages and rebuilding the shoreline, samples from the granite
should be collected and analyzed in the laboratory to determine salinity. Results allow us to
predict soil stability.

Considering the problems mentioned above, a special slope coefficient was determined
and recommended for practice when designing and constructing openings. The advantage
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of the proposed slope coefficient is that salinity results from salinity and underground
ground water resistance. As a result, the deformation that occurs in the open ditch is
prevented.
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