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Abstract. The article deals with the actual issue of compaction of the backfill 
of drainage trenches. The results of an experimental study of a new method 
of ground compaction in trench conditions and the contact connection of the 
backfill ground with trench walls are given, and the fundamentals of the 
theory of ground compaction with a paddle working body are given. 
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Аннотация. В статье рассмотрен актуальный вопрос по уплотнению 
грунта обратной засыпки дренажных траншей. Даны результаты 
экспериментального исследования нового способа уплотнения грунта в 
траншейных условиях и контактного соединения грунта обратной 
засыпки со стенками траншей, а также даны основы теории уплотнения 
грунта лопастным рабочим органом. 
Ключевые слова: грунт, плотность грунта, влажность, дренаж, 
уплотнение, рабочий орган, технология, конструкция. 
  

To improve the ameliorative condition of the land, closed horizontal 
drainage plays an important role. 
 The technological process of building a closed drainage consists of the 
following main operations: digging the excavation (trenches), laying the 
drainage line of pipes and filtering material, and backfilling trenches with soil. 
 Simultaneous backfilling with the construction of drainage is carried out 
using a backfill conveyor, which is equipped with modern drainage stacker. 
 The mechanical method of ground compaction gives good results when 
the ground has optimum (17-18%) moisture. 
 The optimum humidity is the humidity at which the maximum density 
(1.45 -1.65 t / m3) of compacted ground is reached. 
 When the ground is completely filled with water and its degree of 
moisture when G = 1, the maximum density of compacted ground is equal to 
[1,2,3]. 

so
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 where с  is the specific gravity of the soil; Wo– optimal soil moisture. 
 Ground compaction is usually done to a certain degree of density, 
expressed by the compaction factor. The coefficient of compaction Kc is the 
ratio of a given or actually obtained value of the bulk mass of the skeleton of 
the compacted ground γsк to its maximum value according to the standard 
compaction. 
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 Both of these backfilling methods are made without special compaction. 
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 Ground compaction is characterized by maximum compacted ground 
density and optimum humidity. 
 Optimum humidity is the humidity at which the maximum density of 
compacted ground is reached. At optimum humidity, the least work is 
required to achieve maximum ground density at a given compaction mode 
[4,5,6]. 
 The density of loosened ground covered in a trench is 1.12 ... 1.2 t / m3, 
it must be compacted to a density of 1.45 ... 1.65 t / m3. For this purpose, 
various types of ground compacting machines are used. 
 For the high-quality compaction of the ground of the required density, in 
our opinion, it is necessary to compaction of the ground to be carried out 
simultaneously with the backfilling. 
The thickness of the compacted ground layer in the rolling mounds is 
determined by the formula: 
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          where Bmin is the width of the sealing body, m; W-natural ground 
moisture,%; Wо - optimum ground moisture,%; Ro is the contact pressure of 
the sealing body on the ground, Pa; RR - ground strength, Pa. 
 Experiments show that to obtain the required density of the ground, it is 
necessary to apply a force of 30 ... 40 N for each cm2 of ground area. 
 For a number of years scientists of the Tashkent Institute of Irrigation 
and Agriculture mechanization engineers (TIIAME) and the Institute of Water 
Problems of the Academy of Sciences of the Republic of Uzbekistan (AS) 
carried out search and research work on the creation of an efficient 
construction technology and reliable operation of closed horizontal 
drainage[2].As a result of scientific and production research on the 
construction of closed horizontal drainage, the following basic requirements 
have been established: 
 - make construction of drainage, strictly observing the requirements of 
forming a drainage line with a trench width of 0.6 m against the slope; 
 - make construction of drainage in stable grounds, as well as, at the 
groundwater level below 2.5 ... 3.0 m; 
 - strictly observe the quality connection of the drainage pipes; 
 - strictly observe when laying the filter layer, the requirement that its 
cross section should be within 0.06 ... 0.25 m2; 
 - it is necessary to backfill the ground in trenches of closed drains with 
its simultaneous compaction during construction. 
 The most effective and reliable way to protect drains from the damaging 
effects of surface water is to compact the backfill soil to the required density. 
However, this operation to the present day was not performed due to the lack 
of special machines and the developed technology for the production of 
works. 
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 For high-quality compaction of ground in trenches of closed drains, a 
screw-type tool has been designed and manufactured and tested under 
laboratory conditions. As a result, the density of ground backfilling is close to 
the density of the native ground. 
 This method is used directly in the construction of drainage. At the 
same time, the cut soil enters the drainage trench through the longitudinal 
conveyor 3 (drawing). 
 On the bunker drainage installed paddle working body 1, compacting 
the ground. The blades are mounted on the shaft 6 movable [7,8,9]. 
 The blades are located perpendicular to the axis of the shaft of the 
working body at a certain distance (5 ... 8 mm), have the opportunity to 
change their position around the axis. Along the trench axis it is possible to 
install several working bodies in parallel. This installation was tested in the 
laboratory. Bladed working body compacts the soil entering continuously into 
the trench. 
 Perpendicular to the shaft of the soil-compacting working body, 
movable blades are mounted, which are fixed with two bolt connectors. The 
blades have the ability to rotate at an angle φ relative to each other. 
 During one revolution of the shaft, the blades compact the soil with 
compression with the volume Vc, it can be determined by the formula: 

 
а-general view; б-ground compacting working body; в - in-forces affecting the 
blades; 1-blade; 2-gearbox; 3-belt loader; 4-bunker; 5 water spray pipe; 6-
shaft; 7-connector 

Picture – Laboratory Installation for ground compaction in trenches 
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where D is the outer diameter of the blade, m; d is the internal diameter 
of the blade, m; ℓ - blade pitch during rotation, m 

Using the drawing and cosine theorem, you can determine the blade 
pitch 

 cosR2R2 222                                               (5) 
Therefore, the angle of rotation φ of the blades relative to each other is 

equal to 

)
R2

1arccos(
2

2
 , degree                                         (6) 

where R is the outer radius of the blade, m 
When soil is compacted by backfilling in a drainage trench, the linear 

rotational speed of the blade b should be greater than the linear speed of the 
drainage machine m, then their ratio should be b / m = k> 1. Based on this, 
the frequency of rotation of the blade can be determined by the formula: 

1min, 
D

k
n m




,                                                (7) 

When soil is compacted, the force of the compressing soil along the axis 
of the drainage line Fc and the force sliding on the surface of the blades Fx 
act on the surface of the blades. The sum of these forces is equal to the force 
acting on the shaft of the blade F and can be expressed by the formula for 
summing the force vectors (see drawingв). 

2
sinFF2FF)

2
90cos(FF2FFF ксcксc

0
ксcксc





 ,  N                (8) 

SUMMARY 
 Experimental studies on this technique in laboratory conditions have 
shown that when ground is compacted with moisture of 15 ... 20% 
mechanically, it is possible to achieve optimum density (1,45-1,65 t/m3) and a 
strong bond between the backfill ground and the walls of drainage trenches. 
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Аннотация: В статье приведены различные варианты компоновки 
эллипсовидных дисков на валах рабочих секций ротационного орудия 
для поверхностной обработки почвы. Техническое решение задачи 
позволяет взаимно уравновесить осевые усилия, обеспечивает 
равномерность глубины обработки почвы, повышает технологическую 
устойчивость орудия и эффективность его работы. 
Ключевые слова: дисковая секция, эллипсовидные диски, междисковое 
пространство, уравновешивание боковых реакций. 
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Abstract: The article presents various options for the layout of ellipsoidal 
discs on the shafts of the working sections of the rotary tool for surface tillage. 
The technical solution of the problem allows to balance the axial forces, 
provides uniformity of the depth of tillage, increases the technological stability 
of the tool and the efficiency of its work. 
Key words: the disk unit, elliptical discs, the space between the discs, trim 
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