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Abstract  
 
According to standard legislative acts which regulate landfills construction in Russian Federation the slope angle 
of the landfill body equals to 1:4 (14 degrees). However, the slope increase is admitted if agreed with the 
developing organization “Instructions on designing, maintenance and recultivation of municipal solid waste 
(MSW) landfills”. 
The increase of waste capacity enables to prolong the operation life of the landfill, preserve infrastructure and 
traffic flows of waste disposal. All this activity makes it possible to reduce costs on waste disposal. When the 
slope angle is going up, the load on a landfill foundation as well as internal components of engineering wires, 
which provide the body to operate, are increasing either. Hence, when designing any construction one has to 
calculate the waste body resistance and take special measures to provide safe maintenance of the body in terms 
of technology and ecology. 
The Environmental Protection Department of State National Research Polytechnical University (PSRPU) has 
carried out some project works concerning two constructions with increased slope angles. 
Taking into account the construction of the waste body we have calculated the structure stability using “Plaxis” 
software. Based on calculations made we obtained the coefficients of stability.  
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According to standard regulatory legislative acts which regulate landfills construction of municipal solid 
waste disposal in Russian Federation the angle of a landfill slope is equal to 1:4 (14 degrees). Thus, it limits the 
opportunity to use the body.  

The specialists from the Environmental Protection Department have developed an approach to 
reconstruct landfills. By following the initial requirements on the landfill location and its influence on the 
environment, which involves the increasing of the slope angle, one is able to double the volume or even 
quadruplicate it. 

Figure 1-1 shows the dependence of the body volume on the angle of slope (the area of the body  is 1 
hectare,  the area of the top of the body  is 1600 m2). 
 

 
Figure 1-1: Volume-angle diagram  

 
As a methodological base “Plaxis” software enables to carry out all the necessary calculations of the body 

stability. Moreover, “Plaxis” is recommended by the International Association of soil mechanics and geotechnics 
and is recognized as the best software among the specialists in the field of design and foundation.  

The characteristics of dump soil used for stability calculations are accepted by S. Maksimova in her 
research. [3] 

PNIPY experts realized the design documentation of two Perm landfills with increased angle of slope. 
One of them is located in Krasnokamsk with 10 hectares area and the other one is in the closed administrative-
territorial formation, Zvyozdny, with 50 hectares area. 
 

The MSW landfill in the Krasnokamsk region 
 

The landfill of municipal solid waste has been exploited since 2007 and till 2010 it was Krasnokamsk that 
store wastes. In 2009 there came a need to enlarge the territory of the landfill from 25.000 tons a year to 100.000 
tons a year as a result of long-term plan to store MSW of Perm. The increasing of the landfill body should have 
been made without changing the present area and its operation life. 

The objectives of design documentation development were the following:                             
1. To increase the angle of slope as much as possible; 
2. To correct the technique of disposal taking into account the increased angle of slope; 
3. To develop protective constructions (impervious screen and waterproof coating) taking into account 

the increased angle and changed characteristics of the area. 
Construction calculations of the body made in “Plaxis” software showed that the optimal angle of slope is 

1:1 (450). 
Calculations made showed that under a full load of the municipal solid waste body (the variant of full 

loading when the stages of loading are of great importance) the horizontal displacement is 266 mm. Precipitation 
(vertical displacement) of the top part of the body is equal to 439 mm. The stability factor is 1.29 that is higher 
than guideline value – 1.25. Hence, we can talk about the construction stability.  

The example of calculations is presented in figure 1-2. 
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Figure 1-2: Stability structure calculations made in “Plaxis” software 
 

To increase the stability of the body the following technical and constructive decisions were taken: along 
the perimeter the body is protected by a double-circuit embankment. The first circuit consists of local clay and 
loam. The second one is composed of building waste (the cross-section of the embankment is shown in figure 1-
3). The embankment is 8 meters wide and its top area is 4 meters wide and 2 meters high; 

 Vertically each further terrace is separated from the previous by a temporary berm (Fig. 1-4). The 
terrace is 12 meters high. The overall height is 48 meters: 

 The embankment, waste and isolation packing has been made layer-by-layer with special compactors 
applied; 

 To construct the final waterproof coating combining synthetic drainage materials and geogrid are 
applied; 

 Waste storing is primarily made by the technology of “pushing” since it provides more even waste 
compaction. 

 
Fig. 1-3: Cross-section of protective embankment 
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Figure 1-4: Diagram of vertical  embankments 

 
 Technical and construction developments being made, the update of waste disposal technology was 

carried out.  
As a result of body calculations after the reconstruction we have obtained the following numbers: 1,36 

000000 m3 against 831 000 cube meters in the initial design documentation.  
Taking into account the pit capacity equaled to 540 000 m3, the overall body capacity will be 1,9 million 

m3, i.e. 19 years of maintenance at annual volume of 100 000 tons. The data of  process-dependent parameters 
are shown in table 1-1.  
 
Table 1-1: Data of process-dependent parameters before and after body reconstruction 

 
Useful body 

capacity, million m3 

Pit capacity in the 
foundation, million 

m3 

Overall 
capacity, 

million m3 

Slope angle, 
degrees 

Before reconstruction 0.831 0,54 1,371 14 

After reconstruction  1.36 0,54 1,9 45 

 
Therefore, as a result of design documentation updating, the following results have been obtained:  
1. On the basis of software package the slope angle of the waste body has been calculated. It is 1:1 (450). 

This value provides safe maintenance of the body; 
2. The technology and construction of the body has been developed. It provides efficient maintenance 

at high slope angles; 
3. The landfill capacity is increased to 64 %; 
4. Operation life of the landfill despite the significant increase of average annual volumes does not 

change. 
 

The developed design documentation as well as the reconstruction of the landfill has been approved by 
the State Ecological Inspection 
 

Landfill of MSW “Clean City” (LTD company) in Zvyozdny (the closed administrative-territorial 
formation) 

This landfill has existed as illegal dumpsite since 2000. In 1999 году the execution plan for a nine-hectare 
landfill was developed. In 2010 the exploiting organization took decision to widen the existing landfill up to 50 
hectares and construct a new one for the Perm city needs it the perspective area. 

The goals of the design documentation are the following: 
1. To develop a plan for the landfill recultivation; 
2. To develop decision on construction the new landfill  in the perspective area; 
3. Decision both on recultivation and construction must be developed with an opportunity to increase 

the slope angle of waste in both areas. 
Technical and constructive decisions have been taken by analogy to the previous landfill. The terrace is 6 

meters high, the overall height is 18 meters. The terrace for the new designed landfill is 12 meters high, the 
overall height is 36 meters.  
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Calculations made in “Plaxis” software showed that the optimum angle is1:2 (260). The example of 
calculation is presented in Fig. 1-5, 1-6. 

Calculations made showed that the horizontal displacement is equal to 581 mm when the body of MSW is 
fully packed. Precipitation (vertical displacements) of the top of the body is equal to 643 mm. The stability factor 
is estimated to be 1,28 that is higher than the standard minimal value of 1,25. Hence, one might conclude about 
the body stability. (Fig.1-5).  

 
Figure 1-5: Calculation of the body stability in the existing area 

 
Calculations made showed that horizontal displacement is 70 mm when the MSW landfill is fully packed. 

Precipitation (vertical displacements) of the top body is 73 mm. The stability factor equals to 1,26 that is higher 
than the required one according to standard value of 1,25. Thus, we may say about the body stability. Fig. (1-6) 
 

 
Figure 1-6: Calculations of the body stability in the perspective area 

 
The overall useful capacity of the bodies is estimated to be 2.78 million m3. In case of designing the 

landfill with standard slope angles the capacity is about около 1.8 million m3. Hence, the capacity of the body is 
increased to 54 %. 

The general layout is presented in Fig. 1-7. 
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Figure 1-7: General layout of MSW landfill in Zvyozdny 

 
Table 1-2: Data on process-dependent parameters of the body 

 Useful body capacity,  
thousand m3 

Slope angle, degrees 

Designing with standard slope angle  1800 14 

Designing with increased slope angle  2780 26 

 
 As a result of design documentation development the following measures have been taken: 
1. On the basis of software package the maximum slope angle of the body has been estimated to be 1:2 

(260). This value provides safe maintence; 
2. The plan for the existing landfill recultivation has been developed; 
3. The capacity of waste storing  is increased to 50 %. 

 
Thus, analyzing the landfill slope design experience we have come to the following conclusions: 

 Landfill slope reconstruction is reasonable since it enables to prolong operation life and minimize the 
costs on territory development.  

 Circular antifiltering embankment prevents atmospheric precipitation from penetration into the body 
mass, thus increasing the seepage water formation and decreasing the load of the body on the 
environment. 

 Reconstruction of the MSW landfills with increased slope angle enables to use the existing area and 
reduce the costs on waste disposal.  
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