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Preface 

The members of the group worked together to make the oral presentations, the preliminary reports and 

the journal entries every week as well as the final report. Throughout the semester, each member 

worked on specific components of the design. Ajo Rabemiarisoa worked on the biofilter and the 

ventilation system. She was in charge of writing the executive summary and the introduction of the final 

report. Catherine Huppé worked on the dimension, the drainage, the lid and the insulation sections. She 

also worked on the AutoCAD drawings of the design and wrote the summary and application. Yves Roy 

designed the concrete structure, the slab supporting the structure and the mixing system. He also made 

AutoCAD drawings of the mixing system and all the forces acting on the Compostomatic’s structure. 

Editing was done by everyone. Every member helped each other throughout the designing process. The 

team’s hard work during the last two semesters resulted in the Compostomatic presented in this report.   

 

Catherine Huppé                    Yves Roy                 Ajo Rabemiarisoa 
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Executive Summary 
Within the framework of the Bioresource Engineering Bachelor’s degree of the McGill University, each 

student is required to participate in the design of an original, innovative conceptual project. The 

following report, gives a detailed description of the final design the Compostomatic of Yves Roy, 

Catherine Huppé and Ajo Rabemiarisoa. Aiming to provide compost from the organic waste coming from 

283 condominium units, the Compostomatic was created as a composting system, made of a concrete 

structure reinforced with steel rebars.  It presents well designed elements: door, slab, drainage system, 

biofilter, ventilation system, and lid. The design incorporates existing technologies, but optimised for a 

condominium complex found in La Prairie for which the entire concept was thought of. With the main 

constraint imposed by the clients being minimising the costs of the structure and building it as 

esthetically pleasing as possible, the reader will find how this had an impact on every level of the design, 

either in the material used or in the assumptions made. Many challenges were encountered during the 

design of this composting system. The mixing system of the Compostomatic has been, by far, the most 

challenging part, for there were many options to choose from, each one of them offering advantages 

and disadvantages.  In addition, the calculations of the different forces acting on the mixing system and 

the design of the arm and auger component were fairly complicated. Due to time constraints, only the 

auger shaft has been theoretically analysed. For time purposes and lack of physical model to experiment 

on, many assumptions were made and conservative safety factors were used. 

The design of the Compostomatic is a success, for it achieves everything it was designed for and every 

possibility of failure likely to occur was thought of. The team is planning on meeting with the official 

committee of the condominium complex as soon as it is formed, in order to propose a plan to 

implement the Compostomatic. After a period of two or three years, if the implementation is considered 

a success, it could be adapted to fit other condominium units.  

Introduction 
With the perspective of someday achieving sustainability in everyday life, there are improvements to be 

made on small and large scales. In this report, one will learn how a team of three motivated students 

participated to make the goal of sustainability a little more tangible. This report is a detailed description 

of the design of the Compostomatic, a composting system designed for a condominium complex located 

in La Prairie, on the South shore of Montreal. After meeting up with the owners, the team identified the 

main constraints for the design:  minimising the costs for the entire system, making it visually pleasing 

and reducing the odor emitted from the compost since the condominium complex is located near a golf 

course and the surroundings are highly residential areas. 

1. Dimensions 
To design the parameters of the Compostomatic, the amount organic waste that will be composted 

must first be determined. Once the amount of organic waste is found, the dimension of the composting 

machine can be calculated. To calculate the amount of waste, the following assumptions are made: 

- It is estimated that an individual produces 1.95 kg (4.3 pounds) of waste per day (EPA,2011) 
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- Yard trimmings and food waste constitute 26 percent of the municipal solid waste in the United 

States (EPA, 2011). There will be small amounts of yard waste from the condominium’s 

residents, but it is assumed that the landscaping company will participate in the composting 

project. Thus the same percentage is assumed. 

- After discussing with some condominium complex’s residents, it is reasonable to assume that 

around 50 % of the people will be composting. 

- A participation rate of 75% will be used to allow increases in input. 

- There are 283 units in the condominium complex. 

- There are in average 1.5 people per unit. 

Calculation: 

                                                                              

                                                       (See Annex A for full calculations) 

The composters will do batch composting due to the simplicity of the design. To handle continuous 

inputs of waste, two composters will be needed. It would take between 21 to 28 days for the active 

composting phase to finish in the first bin.  Therefore it must take at least 28 days to fill the second bin. 

In order to simplify the management, the bins will be designed to handle waste inputs for a month or 31 

days. Residents will put their waste into bin one for an entire month while bin two, which was filled 

during the previous month, will be in the active composting phase. The Compostomatic is designed to 

handle a participation rate ranging from 50% to 75%. Since food waste is very wet, it is recommended to 

add 10% by weight of wood pellets in the mix (Julie Deslauriers, Vertal inc., president, 11 November 

2011).  

                   
  

          
                

      

     
                     

                   
  

          
                

      

     
                        

 

To increase accessibility and facilitate the making of an esthetic design, the amount of organic waste will 

be divided into four pairs of Compostomatics. Therefore, each Compostomatic will be designed to 

handle an input of 45 kg per day. Taking the volume over mass ratio of the Earth Tub of 2.3 m3 over 

1451 kg of organic matter, the desired maximum volume of this design can be approximated. 

  
  

   
        

     

       
         

 

The Compostomatic would be of circular shape to facilitate and optimize mixing of the organic material. 

The height of the design is fixed at 1.52 meter (5 feet). The diameter of the bin is calculated as 1.36m 

(Annex A). This design would be of circular shape with the bottom and side walls made of concrete 

poured on site. The Compostomatic would be 1.37 meter (4.5 feet) in diameter and 1.52 meter in 

height, allowing for variability of input amounts.  
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2. Concrete Structure 
In order to determine the thickness of the wall and the reinforcing bars needed for the structure, it is 

important to design the structure for 3 different loading conditions. The first loading condition assumes 

that the structure is empty and there is soil surrounding the structure all around. In the Compostomatic 

design, only a part of the wall will be subjected to a pressure from the soil, but for the design’s purpose 

it will be assumed that the entire bin is subjected to the soil pressure to design the worst case scenario. 

Under this condition, the main stress inside the concrete wall will be compression and the maximum 

compression possible will be produced. The second loading condition assumes that the structure is full 

of compost and nothing is touching the structure from the outside. Under this condition, the main stress 

inside the wall will be tension stress. This condition will create the maximum possible tension stress. The 

third loading condition assumes that the structure is empty and soil is pushing only on one side of the 

concrete structure. This condition will maximise the shear stress at the base of the concrete structure 

and will determine what is the vertical reinforcement needed in the structure. All those calculation will 

be achieved assuming those general assumptions: 

1. Tensile strength of concrete is ignored 

2. Height of concrete structure (H)= 1.52 m (5 feet) 

3. Diameter to inside of the wall of the concrete structure (D) = 1.37 m (4.5 feet) 

4. The upper and lower limits for the specified compressive strength of concrete of         

  
          (        ). For the design purpose, it will be assumed that   

          since 

a high quality concrete is not needed for a structure that will encounter small stresses.  

5. The average density of concrete is assumed to be 2300       (144      ⁄ ) since density of 

concrete varies greatly (Merritt, 2001)  

6. The maximum specific yield strength of reinforcement is            (        ). For the 

design purpose it will be assumed that              which was advised by Dr. Mckyes (Dr. 

Edward Mckyes, Professor in Bioresource Engineering, McGill University. Personal 

communication, 15 February 2012) 

7. Density of compost varies greatly depending on the input and the stage of decomposition. To 

determine the volume of the Compostomatic, a density for fresh compost of       500 to 600 

kg/m3 (Schwalb et al., 2011) was used. However, for design purposes, it is more conservative to 

assume that the compost will be denser than fresh compost. At the beginning, the 

Compostomatic will be full of organic matter coming from the condominium which has a density 

much higher than 600 kg/m3. Therefore, the assumed density of the compost will be 900 kg/m3 

which is less than the density of water but more than the density of fresh compost. 

8. All the calculations will include a safety factor of 3. 

 

2.1. Loading condition 1: Empty tank with backfill present 
In order to determine the compressive pressure exerted by the soil on the structure, the equation 

developed to calculate the pressure on a wall will be used. This theory is well explained in Agricultural 

Engineering Soil Mechanics (Mckyes, 1989). Figure 2-1 shows the pressure distribution under the 

maximum compressive condition.  



10 
 

Those are the general assumptions for the 

calculations. 

 Since the physical characteristics of 

soil vary with the weather, all the 

calculations will consider that the soil 

is fully saturated with water and 

therefore the cohesion of the soil will 

be assumed to be zero. This is the 

most conservative approach to design 

concrete walls.  

 Based on the observations of the site, it is obvious that the soil contains a large portion of clay. 

Since the soil was recently moved, the first two meters at the surface is roughly homogenous 

and could crack easily. However, the physical characteristics of the soil are difficult to determine 

without analysing the soil properly. Therefore, a conservative approach will be used and all the 

calculations will be done using an angle of internal friction (Ф) of 34 ⁰.  

 The weight density of the soil for saturated clay is assumed to be 21 kN/   which is most likely 

greater than the real value. However, since all the calculations were made during the winter, it 

is hard to analyse a frozen soil. Therefore, a conservative approach will ensure a safe design. 

 For concrete, the angle of surface friction    
 

 
   (Mckyes, 1989) 

 There will be no load close enough to the structure to change the angle of internal failure of the 

soil. 

 Since the wall is vertical, α = 90 ⁰ 

The compressive force due to the soil on the structure is found using the pressure on wall theory 

explained in the soil mechanics textbook (Mckyes, 1989). The detailed calculations required in order to 

find the total force exerted by the water and the soil on the wall of the structure are provided in Annex 

B. This forced which is also the required strength (s) of the wall is found to be 56.32 kN. 

 

 Determination of the thickness of the wall (t): 

Since the soil is pushing on both sides of the structure as shown on picture 2-1, the compressive force 

needs to be multiplied by two. However, this compressive force will be supported by two concrete walls. 

The thickness of the concrete wall can therefore be written as: 

      
               

       

  
 

  
  
  

        

               
        

A concrete wall of 1.3 mm thick, however, is not practically realistic. In the building design and 

construction handbook, it is written that a concrete bearing wall used as foundation shall be at least 7 ½ 

in (190 mm) thick (Merritt, 2001). Nevertheless, most of the contractor are not equipped to construct 7 

½ in walls and will use the standard 8 in (200 mm) wall. Therefore, the thickness of the design concrete 

wall will be 200 mm.  

Figure 2-1 Loading Condition 1, Mamimum compression 
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2.2. Loading condition 2: full tank with no backfill present 
In order to determine the pressure exerted on the 

wall by the compost, the theories developed to 

calculate the wall pressure in a silo will be used. This 

theory is well explained in Agricultural Engineering 

Soil Mechanics (Mckyes, 1989). Figure 2-2 illustrates 

this principle. Following are the general 

assumptions for the calculations. 

 Since the physical characteristics of 

compost are changing throughout the 

process, it is very hard to determine 

accurately the angle of surface friction 

between the compost and the concrete. 

Some angles of surface friction are listed in table 6.4 of the book Agricultural Engineering Soil 

Mechanics (Mckyes, 1989). It could be assumed that compost has similar physical characteristic 

of silage after processing and more like corn before processing when all the organic matter is in 

big particulate.  Since the highest pressure on the wall occurs when the angle is small, the 

smallest angle listed in the table for corn and silage will be assumed for the calculations of the 

wall pressure. Therefore, the angle of surface friction ( ) between the concrete and the 

compost will be 20 . 

 The “at rest” coefficient of lateral pressure (K) for vertical and rigid walls is assume to be 0.5 

 The Compostomatic is completely full of compost which means that z=H=1.52 m 

The detailed calculation required in order to find the total force exerted by compost on the concrete 

structure are provided in Annex C. It was found that the tension force was 2.01 kN for the top 0.51m of 

the structure, 5.58 kN for the second section of 0.5 m in the middle of the structure and 8.43 kN for the 

bottom 0.51m of the structure. Using those results, it is possible to find the area of reinforcement for 

each of those sections by dividing the strength required (S) by the yield stress of steel. 

 

                             
 

   
 

Section 0 m ≤ z ≤ 0.51 m     →              
 

   
  

       

          
  (

      

  
)           

Section 0.51m ≤ z ≤ 1.01 m →             
 

   
  

       

          
  (

      

  
)            

Section 1.01m ≤ z ≤ 1.52 m →             
 

   
  

       

          
  (

      

  
)            

 

However, in the Building Design and Construction Handbook, it is written that a concrete bearing wall 

used as foundation shall have an area of vertical reinforcement of at least 0.0025 times the gross area of 

the vertical cross-section of wall (Merritt, 2001). Therefore, the area of steel required is: 

                                                              
  

Figure 2-2 Loading condition 2, Maximum tension condition 



12 
 

Based on the Canadian standard metric size reinforcing bars that are available on the market, different 

rebar are available to meet this requirement (CPS, 2001). Since a grid of rebar is the most effective 

inside a concrete structure, the diameter will be decided in order to get proper distance between each 

vertical bar. One of the possibilities is using No. 15 (16 mm diameter) rebar which has a cross sectional 

area of 200 mm2 (CPS, 2001).The spacing between each rebar and the number of rebar could be 

estimated as: 

         
         
         

 
          

       
 (

      

   
)            

        
 

                      
 
      

 
         

 

Therefore, four rebar No.15 (200 mm2 ) centered inside 

the concrete wall and spaced at 0.304 m between each 

other need to be installed horizontally inside the 

concrete structure. There will be the same distance 

(0.304 m) from the top surface to the first rebar and 

from the last rebar to the concrete slab as shown in 

figure 2-3. 

 

2.3. Loading condition 3: Empty tank with backfill present on one side of the 

structure 

When one side of the concrete structure is backfilled with soil, the maximum possible shear stress (τxy) 

at the base of the structure is created.  This analysis, illustrated on picture 2-4, is relevant since it allows 

to determine what is the vertical reinforcement needed 

in the structure.  

The maximum possible lateral force found in the 

previous loading scenario is S = 58.32 kN after 

application of the safety factor. The shear capacity for 

metal is usually 0.58 time its yield strength. Therefore, 

the area of metal required can be calculated as: 

             

          
 

       
  

        

                

            Figure 2-4: Loading condition 3, Maximum shear 
condition 

Figure 2-3: Horizontal rebar in concrete structure. 
(Side view) 
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However, in the building design and construction handbook, it is written that a concrete bearing wall 

used as foundation shall have an area of vertical reinforcement of at least 0.0015 times the gross area of 

the horizontal cross-section of wall (Merritt, 2001). Therefore, the area of steel required is: 

                                (
      

 

 
 
      

 

 
) 

                 (
  (      (       ))

 

 
 
  (     ) 

 
)             

Based on the Metric Fact Sheet, different sizes of reinforcing bars are available to meet this requirement 

(CPS, 2001). Since a grid with many small bars is more effective than a one with a few bigger bars, a bar 

with a small cross-sectional area will be chosen decided in order to get proper distance between each 

bar. This distance should not exceed 18 in (46 cm) (Merritt, 2001). One of the possibilities is using No. 10 

(11.3 mm diameter) rebar which has a cross sectional area of 100 mm2 (CPS, 2001).The spacing between 

each rebar and the number of rebar could be estimated as: 

         
         
         

 
          

       
 (

      

   
)             

        
     

        
 
 
(         )

       

        
 
  

(      (          ))
       

         

 
           

         
         

 

Therefore, fifteen Rebar No.10 (100 mm2 ) centered inside the concrete wall and spaced at 0.234 m 

between each other need to be install vertically inside the concrete structure. Two rebar need to be 

installed at 15 cm from each side of the door and the remaining 13 bars will have a space of 0.234 m 

between each other.  

Reinforcing rebar added due to the door 

Since the door will create a gap in the structure, it is important to install more reinforcing bars in the 

concrete lining both sides of the door in order to make sure that the concrete will not crack near those 

areas. In the Building Design and Construction Handbook, it is written that at least two No. 15 bars 

should be placed around all windows and door openings (Merritt, 2001). Moreover, each of these bars 

should extend at least 24 in (0.61 m) beyond the corners of the openings (Merritt, 2001).  Also, it is 

recommended that the bar placed nearest the exterior wall surface should have a concrete cover of at 

least 2 in (50.8 mm) but should not exceed one-third the wall thickness (Merritt, 2001). The bar placed 

nearest the interior wall surface, however, should be covered by at least ¾ in (19 mm) but should not 

exceed one-third of the wall thickness (Merritt, 2001). 

Therefore, two rebar No. 15 will be added on each side of the door. Those two bars will be at a distance 

of 51 mm from each of the surface. This means that one bar will be at a distance of 51 mm from the 

outside wall surface and 51 mm from the door side wall surface. The second bar will be at a distance of 
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51 mm from the inside wall surface and 

51 mm from the door side wall surface. 

Those two bars will be anchored into the 

slab and folded at 90 degrees at a 

distance of 51 mm from the top surface 

of the concrete slab. They will extend 

inside the concrete slab for a distance of 

0.61 m toward the inside center of the 

structure. Similarly, the two bars will be 

folded at 90 degrees at a distance of 51 

mm from the top surface of the concrete 

wall. They will extend inside the wall for a 

distance of 0.61 m in order to keep a 

distance of 51 mm from the top surface 

and 51 mm from the wall surface. The 

emplacements of those bars are shown in 

figure 2-5.   

 

3. Concrete slab and foundation 
In order to design of the concrete slab properly, several characteristics of the soil and the structure have 

to be known. It is required to determine the bearing capacity of the soil with the total load of the 

structure which includes the weight of the concrete, the weight of the compost, the snow load, the wind 

load, the weight of the covering material etc. When the total load of the structure and the bearing 

capacity of the soil will be found, the surface of the concrete slab will be calculated.  Based on the 

distribution of the load on the structure and the recommendations from the Building Design and 

Construction Handbook, the reinforcing inside the slab will be determined. 

The first step is to determine the bearing capacity of the soil. The Building Design and Construction 

Handbook provides different formulas to determine the bearing capacity of different soils. The same 

assumptions that were made in the Loading condition 1 will be used for this calculation. For a round 

footing, the ultimate bearing capacity could be calculated as  

                    

Based on figure 6.29 in the Building Design and Construction Handbook and an angle of internal friction 

of 34⁰, the bearing capacity factor could be estimated as                 (Merritt, 2001, p.6.68). 

The distance between the soil surface and the bottom of the foundation (  ) is uneven. It varies from 

approximately 30 cm in front of the structure to 1.5 m in the back of the structure. The most 

conservative approach for the structure will be to assume that         . Therefore, the ultimate 

bearing capacity of the soil is 

Figure 2-5: Reinforcing bars 
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However, in table 6.14 in the Building Design and Construction Handbook, it has be determined that the 

bearing capacity of plastic soils such as silt and clay should be around 150 kPa (Merritt, 2001, p.6.66). It 

is stated that for plastic soils the bearing capacity should not vary with the area of the footing. Since the 

previous calculation was done using several assumed values, an ultimate bearing capacity of 150 kPa will 

be assumed for the soil. 

When the bearing capacity of the soil is known, the second step is to find the total load of the structure 

which includes the weight of the concrete, the weight of the compost, the snow load, the weight of the 

stirring device, the weight of the covering material and the weight of the biofilter. The wind load will be 

assumed to be negligible since the compost structure is surrounded by much larger buildings. The detail 

calculations of the weight of each of the component are provided in Annex D. It is found that the total 

weight of the Compostomatic is 58.76 kN. Using this data, it is possible to find if the surface area bearing 

on the soil is sufficient to support the structure.  

 

Determination of the safety factor of the structure 
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Since the safety factor is greater than 3, it is not required to increase the size of the slab. Then, a 

concrete slab which has a diameter of 1.77 m is sufficient. 

4. Drainage 
Since the Compostomatic is partially buried and partially exposed, excellent drainage underneath the 

concrete slab is critical. Part of the concrete slab will be underneath the freeze layer and part of it would 

be subjected to freeze and thaw of water in the soil, which would result in uneven movement of the 

Compostomatic, tilting, and could possibly break the concrete. The soil beneath the concrete slabs must 

therefore be well drained. Excellent drainage is particularly important in this situation since the land on 

which the condominium complex was recently built used to be a marsh and the soil has a high clay 

content. Moreover, based on visual observations the soil in some areas of the complex is poorly drained.  

Normally, subsurface pipes are installed with a certain gradient that follow the natural slope of the land 

drained (Fangmeier et al., 2006). Since the pipes will be underneath leveled concrete slabs, a direction 

of drainage can be chosen. The Compostomatics will be placed in pairs on four different locations 

throughout the condominium complex and four similar drainage systems will be designed. The four 
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locations were chosen based on the map of the site and visual observations of the constructions and 

landscape. These locations are identified in Annex L.    

The drains must be at the freeze line which is approximately at a depth of 1.35 m (4.6 feet), or deeper 

for the Montreal region. Keeping this in mind, one lateral drain will be placed under the exposed slab at 

a depth of 1.4 meter. The lateral drains will be perpendicular to the slope of the soil. Another lateral 

drain will be placed close to the opposite side of the slab. It will be slightly away from the structure and 

at about the same depth in order to catch the water from the elevated soil. This drain will be far enough 

away from the freeze line. A collector drain will be connected with these lateral drains and two extra 

lateral drain pipes also connected to the collector will be added in-between. All the lateral pipes will 

have a slope of 1% and will be 100mm corrugated plastic pipes since there are the smallest pipes 

commonly used in drainage. The collectors will be 100mm corrugated plastic. This will be big enough 

since the area drained is very small and the artificial slopes at which the lateral and the collector pipes 

will be placed are steep. A schematic of the drainage system is shown in picture 4-1. Since the soil has 

high clay content, no textiles are needed around the drains.  

This part of the drainage 

system will be very similar 

on every site, but the 

collector outlet will vary 

from site to site. On site #1, 

the collector can drain 

directly in the nearby river. 

The collectors on the other 

sites, however, will drain 

into the sewage system. 

This will add some difficulty 

to the installation of the Compostomatic since the collectors will have to be connected to the sewage 

pipes underneath the asphalt road.  

5. Door 
To empty the compost, the Compostomatic will be equipped with a door on the side of the bin not 

surrounded by soil. The door will be the entire height of the concrete structure, 152 cm (5 feet), and 76 

cm (30 inches) wide to facilitate emptying. The emptying will be done at the end of the active 

composting phase by opening the door and starting the mixing system. The mixing system will push the 

compost through the opening. With an opening of that area, one can easily shovel the compost that has 

not been emptied by the mixing system. 

The door chosen for the Compostomatic needs to be strong enough to sustain the forces calculated for 

the concrete structure. It will also have to be hinged and closed in place with parts that are strong 

enough to withstand the forces. There are different options that we have looked into. There is the 

possibility of using residential front doors made of steel or fiberglass.  

Figure 4-1: AutoCAD representation of the drainage system 
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Dimensions 

Door width = 76 cm (30 inches) 

Door height = 1.52 m (5 feet) 

Area of door: 1.16 m2 

Calculations 

Tension stresses were calculated for the concrete structure in the previous section. The structure was 

divided in three sections of approximately the same height. Using these values, it is possible to find the 

forces that will act on the hinges and closing mechanisms. The door will be held in place with one hinge 

on each of the three sections. Two closing mechanisms will be used, one on the bottom section and one 

on the top section. The pressures calculated from the top to the bottom are 1.97, 3.45 and 4.60 kPa. A 

safety factor of three will be added to all forces. The forces acting on each section are calculated in 

Annex E with the following formula: 

                                  

 

For section 1,           , for section 2,             and for section 3,           . Summing 

these forces gives the total force acting on the door. This is a force of         .  

 

Since sections 1 and 3 will have two pieces holding the door in place, the force is divided in half to 

calculate the minimum force the closing mechanisms can withstand. Since the force in section 3 is 

greater and both closing mechanisms will be the same for uniformity, half of   will be considered for all 

the closing mechanisms. Section 2 will not have this device; the whole force    will therefore be taken 

as the minimum force for the hinges. All three hinges will be the same. 

    

Therefore, the closing mechanisms must withstand 2.7 kN of force and the hinges must be able to 

withstand at least 4 kN of force. 

 

A steel front door with reinforced sides will be able to support such weight (Alain Bellefleur Eng., Groupe 

Novatech inc, advanced technology leader, March 6th, 2012). The reinforced sides must be wide enough 

to drill the closing mechanism in the wood and not in the polyurethane foam.  

6. Mixing system 
A vertical mixing system will be incorporated to mix the organic material, thus promoting aerobic 

digestion and temperature distribution. The mixing system will be used both during the loading phase 

and during the active composting phase. 

For the mixing system, a few different options are available. Using an auger is a possibility and using a 

stirring device is another. It is also possible to have a single motor mixing system with an auger with a 

diameter almost equal to the inner radius of the concrete structure or a two-motor system where the 

auger’s diameter is half the radius of the concrete structure. This is illustrated in figure 6-1.  
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There are advantages and disadvantages of using both 

systems. A bigger auger requires only one motor, which 

reduces the cost of the complexity of the system. However, it 

takes more space and the Compostomatic’s volume might 

need to be increased. Due to the cost constraint and the 

complexity of the turning mechanism, the one motor and big 

auger option was chosen. 

 

6.1. Design of the Auger 
The first step in the design of the 

mixing system is to define all the 

characteristics of the auger. In order to 

size the auger and find its entire 

characteristics, a detailed analysis of all 

the forces acting on the auger will be 

completed. By doing this analysis, it 

will be possible to determine what is 

the downward force exerted by the 

auger on the lid and what is the torque 

requirement of the motor. Figure 6-2 

shows the design of the mixing system. 

 

 

 

 

To design to auger, these general assumptions will be used: 

 The diameter of the auger (  ) will be set to 0.610 m (24 in.) which is slightly less than the 

radius since the auger should not touch the wall.   

 The angle of surface friction (δ) for the compost on the steel plate could be assumed to be 

similar to the angle of surface friction of wet silage 50 % moisture content on steel. Then, using 

table 6.4 of the book Agricultural Engineering Soil Mechanics, the angle of surface friction is 33⁰ 

(Mckyes, 1989). 

 

The first step is to define all the different variables of the system. Figure 6-3 shows some of the variable 

of the system. 

Figure 6-2 Mixing system 

Figure 6-1 AutoCAD drawing of the possible 
mixing systems (Top view) 
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Figure 6-3 Variable attribution for the different component of the auger 

 

Determination of the horizontal cross-sectional area of the blade (  ) 

The vertical area of the blade is the area seen by taking a top view of the auger. This area is useful to 

determine the weight of compost that bears on one turn of the blade.  

    
 (  )

 

 
 
 (     ) 

 
          

Determination of the Weight of compost (  ) 

                  
  

  
                          

 

6.1.1. The torque requirement 

The detailed analysis of all the forces acting on the plate is shown in Annex F.  All the calculations related 

to the analysis of the stress inside the auger shaft comes from the Design Handbook (Juvenall et al., 

2011).Then, based on the equation derived in annex F, we can find the torque requirement for different 

angles of blade. For example, for an angle of 20⁰, the lead (h) is: 

   
  
 
      

      

 
   (   )          

 

Therefore, the torque is: 
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Table 1 shows the torque requirement for different angles of plate. 
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Table 6-1: Torque requirement for different angles of plate 

Angle of plate (θ) h (m) T (Nm) 

10 0,168954 556,035433 

15 0,2567451 662,230477 

20 0,3487511 791,283651 

25 0,44680936 954,239471 

30 0,55320881 1170,25558 

 

As shown in table 1, the torque requirement increases when the angle of plate increases. However, it is 

necessary to have a reasonable angle of plate in order to lose the compost sufficiently to allow a good 

aeration inside the pile. Moreover, the pitch has to be sufficiently large to allow the organic matter to 

move on the plate. Assuming that the compost behaves similarly to silage, the angle of repose (Ф) could 

vary from 33⁰ when the material is wet to 20⁰ when it is dry (Mckyes, 1989). Therefore, the minimal 

pitch allowing the compost to fill completely the surface of the plate when it is wet can be calculated 

has: 

  
  
 
     

      

 
   (   )         

This is the minimal height of pitch allowing the compost to reach the center of the auger. However, the 

auger will be more efficient if the compost piles up against the shaft since it will carry up more material. 

The best options seems to be an auger with a plate angle of 20⁰  since it allows 15 cm of pile up near the 

central shaft without requiring a tremendous amount of torque.  

 

6.1.2. Lateral force on the auger 

 

In addition to the torque, the compost is exerting a lateral force on the auger when the auger is moving 

forward inside the pile. The most conservative approach in order to determine this force is to assume 

that there is compost in front of the auger and nothing behind. This is illustrated in figure 6-4. It is very 

hard to estimate the lateral forces since the auger is in motion 

forward and the compost is moving up due to the rotation of 

the auger.  Since the compost will be loose when it will move 

upward on the auger, the theory of soil pressure on a smooth 

wall will be used. The result will be an approximation since the 

derivation of an exact equation for this particular case is too 

complicated to be done during this project. However, this 

method gives an approximation of the pressure of the 

compost on the auger and the uncertainty of this result will be 

taken into account at the end when the safety factor will be 

chosen. The same assumption concerning the compost will be 

made during the following calculation. This equation comes 

from the Agricultural Engineering Soil Mechanics book 

(Mckyes, 1989, p.141). Figure 6-4 Lateral force representation on 
the auger 
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This force is acting at 2/3 of the height since the pressure is increasing linearly with the depth. 

 

6.1.3. Vertical force at the top of auger 

The first step in order to find the vertical force acting on the auger is to determine which material the 

auger will be made with. A good choice could be to use Steel alloy 1040 annealed which has a high 

tensile strength and relatively high yield strength. It is important to have a material that has a good 

elasticity since it is not wanted that the auger break if it encounter an obstacle in the compost which 

may happen depending how meticulous the residents are. The properties of this material are listed in 

table 6-2 (Callister, 2008, p.809). 

 
Table 6-2: Properties of Steel alloy 1040 annealed 

Material Density(ρ) Yield strength (  ) Tensile Strength (  ) 

Steel alloy 1040 annealed 
(@ 785 ⁰C) 

7850 kg/m
3
 355 MPa 520 MPa 

 

In order to determine the weight of the auger, it is essential to know all the physical characteristics of 

the auger. For now, a shaft diameter (      ) of 45 mm will be assumed. A detailed analysis of all the 

stresses present in the shaft will be done in the following section in order to verify if this size of shaft can 

handle all the stresses. Moreover, based on multiple observations of auger, the thickness of the plate of 

the auger (t) is assumed to be 7 mm. Since this value is used only to estimate the weight of the auger, 

the average thickness estimation will not affect much the stress analysis.  

Based on those assumptions, it is possible to find the vertical force acting at the top of the auger by 

adding the weight of the compost on the blade and the weight of the auger itself. Following are some 

detailed calculations required to find the weight of each component. 

 

Calculation of the area of plate 

Since the plate is a curved surface, there is no simple formula able to determine the area of the plate. 

Therefore, the area of plate (  ) was found using AutoCAD Software. The area is          for the 

entire height.  

 

Calculation of the volume of steel of the auger 

                       
 (      )

 

 
      

       
 (       ) 

 
                                     

Calculation of the weight of the auger 
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Vertical force at the top of the auger 

                                   

This weight    is the greatest that the auger will be subjected to, assuming the worst case scenario 

where the area over the plate is full of wet compost. Most of the times, the auger will not have this 

force on it but it is safer to design for the worst case scenario.  

 

6.1.4. Stress analysis at the top of the auger 

Figure 6-5 is a detailed diagram of all the relevant dimensions of the auger shaft. The auger 

blade has been removed from the picture in order to simplify the drawing. All the calculations related to 

the analysis of the stress inside the auger shaft come from the Design Handbook (Juvenall et al., 2011). 

The detailed calculation explanations for the stress acting inside the central shaft of the auger are 

provided in Annex G. The safety factor assuming a shaft diameter of 45 mm was found to be 1.9. Based 

on section 6.12.2 of the Design Handbook, this design is acceptable since the material is well known, the 

environmental conditions are constant and the load was also known (Juvenall et al., 2011). It is also 

acceptable since the worst case scenario was considered for each aspect of the design. For example, the 

compost density was assumed to be 900 Kg/m3 which is a very dense compost, the angle of internal 

friction (Ф) and the angle of surface friction (δ) were assumed to be 33⁰ which is the value obtained for 

wet silage at 50% moisture content which is most likely an overestimation of the real characteristics of 

the compost. Finally, all the calculations relative to the torque and the weight of the auger assumed that 

all the space between each blade was filled with compost which could happen very rarely.  All those 

assumptions contribute to increasing the safety factor of the design. It is therefore concluded that a 45 

mm shaft is acceptable for the auger. 

 
Figure 6-5 Dimension of the auger shaft and location of the bearings and gear 
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6.1.8. Determination of the torque required at the central shaft 

Two forces drive the torque requirement at the central shaft. Firstly, there is the lateral force    which is 

caused by the pressure of the compost when the auger is moving inside the compost. Secondly, there is 

the force    which is the force on the gear at the top of the auger. This force produces the torque 

required for the rotational motion of the auger on itself. Figure 6-6 shows the location of each of those 

forces. 

 
Figure 6-6 Diagram of the force affecting the torque required at the central shaft 

Determination of the force (   ) 

In the previous section, the Torque requirement (T) for the auger was found to be 791 Nm. This 

rotational force will be obtained by the rotation of the auger gear on the fixed gear track. The driving 

force of that gear on the track comes from the arm. Therefore, the force    that needs to be supplied by 

the arm can be defined as: 

    
 

      
 

      

                
(
      

  
)           

Determination of the torque requirement at the central shaft (  ) 

By adding the torque produced by the two lateral forces, it is possible to obtain the torque requirement 

of the motor 

                                                    

 

6.2. Motor and Gearbox 
Once the torque requirement of the motor is found, it is possible to determine the power requirement 

of the motor and specifications of the gearbox.  

6.2.1 Determination of the power requirement of the electric motor (  ) 

Assuming that the arm will rotate on itself at a velocity of 2 RPM which is reasonable in the case of the 

Compostomatic, the power of the motor should be: 

                  
             

     
 
     

    
        

 

A safety factor of 1.1 will be assumed since all the calculations were made under the assumption that 

the auger was in motion. However, a larger power is required to start the system. Therefore the power 

requirement of the motor is: 
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Most of the motors in North America are sold 

in Horse Power. The conversion between horse 

power and Watts is 1 hp = 746 W. Therefore, 

the motor needs to be 3 Hp. One of the 

companies that are providing electric motors is 

Baldor (Baldor, 2012). Figure 6-7 shows the 

specifications of one motor that can meet the 

needs of the system. 

 

6.2.2. Determination of the specification of the gear Box 

As shown in the specifications of the motor, the 

rotational speed of the motor was 1725 RPM and 

the rotational speed after the gear box was 2 RPM. 

This means that the gain of the gear box should be 

863. On the market, however, there are no gear 

boxes that have this ratio. For a 3 hp motor, the 

maximum gain found was 48.09 as shown on figure 

6-8. Based on the cost of this device, it is obvious 

that the mixing system will be too expensive if 

several gear box are attached in series to reach the 

proper RPM. Then, the option of having a motor 

attached on a gear box was rejected.  

 

Another option is to buy AC gear motor which has the 

gearbox and the motor in the same block. This option was 

found after much research. Due to time constraint, it was not 

possible to get a price for a custom made AC gear motor. 

Therefore, the price and weight estimation will be an 

approximation based on what was found on the website of 

the Baldor Company (Baldor, 2012). Figure 6-9 shows an 

example of AC gear motor. There are no examples on the 

website for a 3 HP motor but it is written that it can be 

produced on demand. The picture shows an example an AC gear motor device. As you may notice, the 

shaft rotation is 29 RPM with a power of 1.5 HP. Based on the website and the previous analysis of a 

separate motor and gearbox, it could be assumed that an AC gear motor that will meet the requirement 

of the mixing system should be approximately 4000 $. The weight of this device should be around the 

summation of the 3 HP motor and the separate gear box which are 73 and 92 lbs. respectively. 

Therefore, the weight is: 

   (             )  
    

         
    

 

  
       

Figure 6-9: AC gear motor 1.5 HP (Baldor, 2012) 

Figure 6-7 AC electric motor 3 HP (Baldor, 2012) 

Figure 6-8Gear box for a 3 HP power input  (Baldor, 2012) 
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6.3. Safety component 
It is very important to include in the design a mechanical protection for the AC gear motor in order to 

avoid surcharge of the motor if the auger or the arm of the auger encounters a solid obstacle on their 

path of motion. Several safety devices are available on the market 

such as safety pin, sliding clutch, belt that slip in case of surcharge, 

etc. The less expensive and the less complicated is the safety pin. Its 

principal is very simple. If the charge is greater than the strength of 

the pin, the pin will brake which will disengage the motor from the 

load component. Then, the user can remove the obstacle and install 

a new pin.  

 

The best location for this device would be as closest as possible of 

the output of the gear box to ensure a maximum protection. Figure 

6-10 shows an example of a safety pin installed on a shaft. 

 

 

6.4. Other relevant dimensions 
The analysis of the stresses in each component of the design of the mixing system was not possible due 

to the time limitation. However, detail dimensions of the system are required in order to pursue the cost 

estimation. All dimensions provided in Annex H come from estimations that were based on the previous 

calculations. However, a detailed analysis of the stress inside each component needs to be done before 

implementation to verify the safety of the design. Based on the diagram provided, it was found that the 

weight of steel required for the metal frame and the arm of the auger is 1.098 kN 

7. Lid 
The concrete structure is a hollow cylinder that will hold the compost. The motor for the mixing system 

and the biofilter will be placed on a supporting structure that will rest on top of the cylinder. As such, a 

covering structure is needed to protect and insulate the inside of the Compostomatic. This covering 

structure, also referred to as the lid, should have a slope to minimize snow accumulation on top of the 

Compostomatic. To keep with the aesthetic appearance of other structures on the condominium 

complex, the lid should be of spherical shape. Keeping these two constraints in mind, a silo dome type of 

lid manufactured by Hanson Silo Company was chosen.  

This dome structure, shown in figure 7-1, is hemispherical. It is made 

of multiple pieces of galvanized 24 gauge steel that are shipped and 

assembled on site (Hanson, 2012). It will therefore be able to 

withstand the air’s high levels of humidity inside the Compostomatic. 

This dome is a self-supporting structure that is used in in this climatic 

zone: it is strong enough for winter conditions (Hanson, 2012). 

Figure 6-10 Safety Pin 

Figure 7-1: dome structure (Hanson, 2012) 
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The outside diameter of the concrete structure is around 1.78 m (70 inches), although a layer of 

polyurethane foam and thin wood will be added on the outside, increasing the outside diameter of the 

Compostomatic. The dome must be installed on a firm flat round structure (Hanson, 2012). The 

diameter of the structure is therefore chosen to be 1.778m (70 inches).  

The area of steel needed and the approximate weight can be calculated with the formula of surface area 

of half spheres:          . This gives an area of approximately 5   . Full calculations are found in 

Annex I. 

Galvanized steel plate of 24 gauge have a thickness of 0.65 mm (CPS, 2001). The density of the zinc 

coating on the steel is slightly smaller than the density of steel, but the density of steel of 7.85 g/m3 

(Callister et al., 2008) will be used to stay conservative. The roof is assembled with over lapping of the 

metal sheets and bolted together. To stay conservative, the roof weight can be approximated as 10% 

heavier than the known volume times the density of steel. 

                                  

This gives a weight of 28 kg which is needed to calculate the area 

of the concrete slab (Annex I). 

Since the motor inside the lid has the potential of becoming very 

hot, a separate ventilation system will blow air in the lid, but 

outside of the biofilter. A small vent, as illustrated in figure 7-2, will 

be installed on the top of the covering structure to let out that air 

and extra moisture form the compost. Since the trap door will be at 

a height greater than 1.6m, two or three movable steps should be 

provided to permit easy access to the trap door.  

8. Insulation 
To kill harmful pathogens, the organic matter composted must stay at a temperature above 55°C for at 

least three days. Heat is produced while the organic matter is being degraded, however, since the 

compost is being constantly aerated by outside air, additional heat must be supplied during winter. An 

effective way of heating the compost is to heat the air before it is pushed into the compost by the 

ventilation system.  

This design aims at minimizing the additional heat needed in order to provide low operation costs. First, 

the ventilation system will be connected to the exhaust air coming from the underground parking. 

During winter, the air will be warmer than outside temperature which will not cool the compost as 

much. Inversely, during summer the air in the ventilation system will be cooler than outside air which 

will be more efficient in preventing the compost from reaching temperatures that are much higher than 

55°C. As the temperature increases, composting microbes can be denatured and extremely high 

temperatures can lead to combustion of the compost. Secondly, the structure will be partially buried in 

Figure 7-2 AutoCAD representation of 
the covering structure 
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the ground, providing warmer surroundings during winter and colder during summer. To help this 

principle, an insulation layer will be installed around the concrete structure.     

Since minimizing the supplemental heating is an objective of this design, calculations can be made to 

determine the optimal thickness of the insulation layer around the concrete structure. The most 

common insulation used in construction for round structures is polyurethane foam. A different 

insulation thickness will be needed for the part of the structure that will be buried in the soil than for 

the part above the ground.  

To determine the optimal thickness of the polyurethane foam, calculations must be made. The energy 

transfers of this system will be mathematically modelled for winter and summer conditions to verify the 

temperature conditions inside the Compostomatic. The buried part of the concrete structure conditions 

will be first analyzed followed by the concrete base then the unburied part of the concrete structure 

then the door and finishing with the top of the Compostomatic. To make all these calculations, the 

following assumptions were made: 

- The overall equation used for heat loss is       , where   is the rate of energy loss in 

Joules/seconds,   is the heat transfer coefficient that take into consideration all the materials 

heat passes through in  (   )⁄ ,   is the surface area losing heat and    is the difference in 

temperature of interest in Kelvin.  

- To stay conservative, the outside diameter of the cylinder, 1.77m, will be used to calculate the 

area. 

- The buried part of the concrete cylinder is estimated to be 80% of the opened concrete cylinder. 

- The temperature of the compost touching the concrete structure will have to stay at a 

temperature of 58°C, meaning that      58°C. 

- Polyurethane foam will be used to insulate the concrete cylinder.  

Surface area of the door:            
  

Average Surface Area of the concrete bin 

                 (     )             
         

Perimeter of the concrete slab 

                    

Surface area of the lid 

        
  

 

8.1. Buried 
Every Compostomatic will be buried in a slope, which makes it difficult to calculate precisely the portion 

of the concrete cylinder that is buried. Based on visual observations, this portion is approximately 80% 

of the structure. The area buried is therefore estimated as 5.84   . 

In this scenario, heat generated from the decomposition of organic matter will pass through the 

concrete, then through the insulation layer to be dissipated in the ground. The difference in 

temperature of interest will therefore by between the compost and the ground. Throughout the year, 
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ground temperature varies around a mean temperature varies by an amplitude (Howell et al., 2009, 

p.203). Both the mean temperature and amplitude depend on the geographical region. These are the 

equations used to calculate the difference in temperature. 

         , where          

 

For buried conditions in La Prairie-Brossard area, the amplitude is 11°C (Howell et al., 2009, p.218) and 

the annual mean temperature is 6.2°C (ISQ, 2010). This will give differences in temperature of 62.8 K for 

winter and 40.8 K for summer. Full calculations are found in Annex J. 

 

For the heat transfer coefficient U, an overall depth of 1.5 meters will be used since the 

Compostomatics will be buried in slopes with part of the structure at a depth greater than 1.5 meters 

and part at a depth smaller than 1.5 meters. To find the appropriate heat transfer coefficient the overall 

R value of this system must be calculated. The conductivity for concrete at a density of 2240 kN/m3 

varies from 1.3 to 2.6   (  ) (Howell et al., 2009, p.183). This gives thermal resistance values ranging 

from 0.15 to 0.077 (   )  . To be conservative, the smallest thermal resistance will be used. The R 

values of polyurethane foam depend on the thickness. Since the surrounding ground provides a natural 

insulation and lost costs are desired, a small thickness of 40mm will be used. This gives a thermal 

resistance of 1.6 (   )   (Howell et al., 2009, p.181) when it is aged and dry. With this information, it 

is now possible to calculate the rate of heat loss during winter and summer. The thermal resistance of 

this section is the sum of the thermal resistances of the individual parts of the section. The total R value 

is 1.677 (   )  . With this R value and an average depth of 1.5 m, the corresponding U value is 0.377 

W/   . Using the formula for heat loss       , the heat loss rate is 138 W in winter and 90 W in 

summer (Annex J). 

8.2. Base  
The concrete slab on which the cylinder structure will rest is going to be partially buried and the buried 

part will have a varying amount of soil covering it. To calculate the heat lost through the base, the slab-

on-grade method (Howell et al., 2009, p.203) will be used to continue using conservative values. The 

heat loss can then be calculated using the following equation. 

               

Where   is the perimeter of the exposed part of the concrete slab,     is the heat loss coefficient of the 

perimeter in   (   ) and    in the change in temperature in Kelvin (Howell et al., 2009, p.203). In this 

scenario, it will be assumed that the exposed part of the concrete slab has a perimeter of 30% the total 

perimeter. It will also be assumed that the heat loss coefficient is 0.86 W/(m K) (Howell et al., 2009, 

p.218).  

Since the composting process produces heat which is not directly accounted for, the daily maximum and 

minimum will be used to calculate the heat loss. Minimum daily temperature in January for the nearby 

town of St-Rémi is -14.8°C and 26.3°C for the maximum daily temperature in July (ISQ, 2010). The rate of 

heat loss is 105.2 W in winter and 45.8 W in summer (Annex J). 
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8.3. Exposed Structure 
For the part of the concrete structure that is not buried, convective heat loss must be considered. To do 

this, a thermal resistance value will be added to the sum of thermal resistances; the higher the 

convective loss, the lower the thermal resistance (Howell et al., 2009). During winter, a wind speed of 24 

km/h is assumed which gives an additional R value of 0.030 (   )  . In summer, the assumed air 

velocity is 12 km/h with an additional R value 0.044 (   )   (Howell et al., 2009, p.178). Similarly to 

the buried part of the concrete structure, the exposed concrete will also be covered by polyurethane 

foam. The thickness of this insulation layer will however be greater. Two options are possible: 50 mm 

and 120 mm. Since the area covered by this thickness of insulation is relatively small and other 

components also add to the insulation, a thickness 50 mm versus 120 mm will not make a large 

difference. Moreover, a smaller thickness will keep the Compostomatic in balance aesthetically.  Aged 

and dried polyurethane foam of 50 mm thickness will therefore be chosen. It has a thermal resistance of 

1.92 (   )   (Howell et al., 2009, p.181). For aesthetic purposes, thin wood panels will be added over 

the insulation layer. To approximate the thermal resistance of these wood pieces, a value for wood 

bevel sidings will be used. A thickness of 13 mm gives a thermal resistance of 0.14 (   )   (Howell et 

al., 2009, p.180). Using this following formula, the heat transfer coefficient is found to be         

(   ).  

  
 

∑ 
 

In this case, the area of the structure exposed is equivalent to approximately 20% of the total area, 

meaning an area of 1.46   . For differences in temperatures, the daily mean maximum and minimum 

temperatures could be used. Extreme maximum and minimum could also be used. Since the composting 

process produces heat which is not directly accounted for, the daily maximum and minimum will be 

used to calculate the heat loss. Minimum daily temperature in January for the nearby town of St-Rémi is 

-14.8°C and 26.3°C for the maximum daily temperature in July (ISQ, 2010). Heat lost through the 

exposed concrete structure is calculated as 49.0 W in winter and 21.2 W in summer (Annex J). 

8.4. Door 
The door used in the Compostomatic is insulated with a urethane panel of 45 mm (1¾ in.) thick inside 24 

gauge steel plates. The heat loss through the door can be estimated with the same approach used with 

the exposed concrete. The thermal conductivity for the urethane panel will be estimated as 

polyurethane foam with a density of 40 kg/m3 with a conductivity k of 0.026   (   ) (Howell et al., 

2009, p.181). Knowing the thickness of the insulation panel, its thermal resistance can be calculated 

with this formula:    
         

            
 

The thermal conductivity of steel is 51.9   (   ) (Callister et al., 2008, p.819). This is very high, the 

thermal resistance of steel can be assumed negligible. The thermal resistance of this section is therefore 

1.73 (   )  . Detailed calculations are found in Annex J. The heat loss in winter and in summer is 

       and        respectively.  
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8.5. Lid 
To insulate the inside of the lid multiple options are available. Since the lid is of circular shape, it would 

be easier to have a spray-applied insulation. The lid will therefore be insulated with the same material 

used with the concrete structure, polyurethane foam, at a thickness of 120 mm since the surface area is 

large and it is the only insulation for this section. The thermal conductivity for aged and dry 

polyurethane of 120 mm thick is 3.69   (   ) (Howell et al., 2009, p.181).  The insulation will be 

covered by a plastic covering which is crucial since the relative humidity inside the Compostomatic will 

be very high. The thermal resistance of steel is assumed negligible. The heat loss can be estimated with 

the same approach used with the exposed concrete. Detailed calculations are found in Annex B. The 

heat loss in winter and in summer is         and         respectively (Annex J).  

8.6. Total heat loss 
The total heat loss in winter and summer is simply the sum of the individual heat losses. A table 

summary of the heat losses is presented in table 8-1. 

              ∑         and                ∑        

Table 8-1: Summary of the heat lost rates 

 
Heat loss (W) 

Section winter summer 

buried 138 90 

base 105.2 45.8 

exposed 49 21.2 

door 48 20.7 

lid 97.9 42.4 

total 438.1 220.1 

 

With a known global heat loss during winter, a heater can be chosen 

accordingly. A simple heating element as shown in figure 8-1 could 

be installed. This heating element from HEATERSTORE.com produces 

500 W which is more than the heat loss. It is thin, small with an 

overall length of 22 cm (8 11/16 in.), and could be easily installed 

inside the air pipe of the ventilation system to heat the air before it 

goes into the compost. It works on 120V and 60Hz and could 

therefore be connected to a simple on/off switch (HEATERSTORE, 

2012). Its price is approximately $55 (HEATERSTORE, 2012). 

As stated previously, the heat produced by compost varies greatly. 

During the first year of implementation of the Compostomatic or 

through a pilot project, the average heat produced from composting 

Figure 8-1: Heating element 
(HEATERSTORE, 2012) 
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could be measured. This value could then be compared with the heat lot during summer to evaluate the 

need for extra ventilation in the case where the heat produced is much greater than the heat lost.  

9. Biofilter 
One of the major components in the Compostomatic design is a biofilter, as a mean to remove 

hazardous odors and volatile solids in the exhaust air of the compost. The goal of a bio filter is to control 

air pollution by absorption and/or adsorption of the different compounds in the airstream by 

microorganisms that oxidize the biodegradable gases into water, CO2, mineral salts and biomass. 

Biofilter designs can go from being ultra-simple open systems to being highly engineered enclosed 

systems with an optimized media. Their use in the composting industry is still an active debate, with 

some cases going from 99% removal efficiencies in the outlets’ concentration for H2S, DMS, DMDS and 

many terpenes, but with other studies concluding little removal of organic and inorganic sulfides with 

higher loads (Haug, 1993). Another issue that often comes up is that the biofilter’s media tends to dry 

and continuous efforts have to be made to keep the media wet. Figure 9-1 illustrates the general 

schematic of a biofilter. 

Since the Compostomatics will be 

placed close to some residents’ 

terraces and balconies, the choice 

was made to still use a biofilter. It 

will be highly tangled with the 

ventilation system, since the 

direction and the rate of the airflow 

is the first consideration when 

designing a biofilter. 

After acknowledging different options, a hesitation between two different biofilter designs came up. As 

a first option, there is the classic static pile system compost biofilter, which presents itself as a regular 

bed layer of biologically active material enclosed in a sock of a photodegradable material mesh. Wood 

chips and bark are used as a structure component to improve drainage and maintain porosity. Then, 

wood ash, leaf compost, activated carbon, lime, and polystyrene spheres are added to the mix. 

The media chosen for the biofilter must be able to drain water efficiently without becoming water 

logged and it should not compact itself over time. The air flowing through the biofilter must be 

humidified prior to going through the media since the microbes in a biofilter require aqueous 

environments. For the case of the Compostomatic, there will not be air humidification before entering 

the media as food waste is highly wet. The exhaust gas from the composting pushed by the ventilation 

system to the biofilter will therefore be water saturated. This will be enough to keep the required 

moisture of at least 40% in the biofilter media. Added to that, two sparkling valves will be installed to 

spray water on the top surface of the biofilter (Henon et al., 2009).  Also, the biofilter has to be rototilled 

Figure 9-1: A general schematic of an open, single bed biofiltration system 
(Haug, 1993) 
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once every few months. In the case of the Compostomatic it will be every other month when the unit is 

been emptied. 

The second option that was considered for the Compostomatic is called biotrickling filters. It can be 

simply described as an organised mesh made of a synthetic media, in which the biologically active 

components are distributed evenly, thus offering many advantages. An advantage is eliminating the 

problem of drying, since the synthetic media has a constant aqueous nutrient stream trickling down the 

surface. Another advantage is that it is capable to handle higher pollutant concentrations since it is very 

opened and high gas velocities can therefore be maintained (Pagans et al., 2004). 

For the purpose of residential composting on a small scale, the choice to use the static bed method was 

done, because it meets all criteria identified for this design and it is also highly more economic, which 

was an essential constraint from the owners. 

Design and Calculations 

The Compostomatic will have a closed bed biofilter where the odorous air coming from the compost will 

be exhausted by a fan uniformly distributing air through the media. The different factors to consider 

when designing a biofilter are (Haug, 1993): 

-  area constraints 

- volumetric flow rate of air to be treated 

- specific air contaminants and concentrations 

- moisture control 

- maintenance and costs 

These factors all have a large impact on the efficiency of the biofilter or on its economical operation. 

The minimum required volume of media can be estimated by dividing the elimination capacity of the 

biofilter’s media by the mass loading of a particular contaminant. For example if 1 cubic meter of media 

has the properties of being able to remove 2 g s-1 of NOx,  if  500 g NOx min-1 is needed to be removed 

from the exhaust air of the compost, one can find the required volume as: 

   
                

               
 

Assuming the Compostomatic is at its full capacity, different parameters can be set: 

-                   
 

 
    

 

 
                      

- There will be a constant aeration rate occurring at 0.56       . This is calculated in the 

ventilation section 

- Limited constraint of height: 0.75 m maximum since the height of dome lid is 0.889 meters. 

Concentration of pollutants of gas emitted by the compost 

A media ratio of 40:60 structural elements to biologically active elements has been identified to allow 

the desired environment for microbial growth, without compromising good moisture holding capacity, 

balanced nutrient content, good porosity to the media and slow decomposition (Haug, 1993). 
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This type of media also offers at least a three-year lifetime without any significant pressure drops, thus 

where an acceptable porosity of the media is maintained and without water logs occurring (Pagans, 

2004).  

For design purposes, an empty bed contact time (EBCT, in seconds) can be selected from different sets 

of tables (Haug, 1993) for the Compostomatic. The value 3 seconds has been selected, which qualifies 

for heavy duty residential composting, and which could also fit a poultry barn with dry litter (Haug, 

1993). The biofilter media volume can be determined as follow: 

          
   

    
 

                       
   

    
          

To stay conservative, a media volume of 0.04 m3 will be taken. For the design of the concrete structure 

of the composting system, a good estimation of the load weight of the biofilter must be made. The 

frame of the biofilter will be entirely made of stainless steel, to resist the corrosive environment. The 

biofilter will be of circular shape with a fixed height of 0.5 m, an inside diameter 0.32 m, and a wall of 

stainless steel thickness of 5mm.  The base of the cylindrical structure will be a mesh which will allow 

the air to pass through the medium. The weight of mesh will be assumed to be negligible comparing to 

the weight of the biofilter. Therefore, the weight of the system is composed of hollow stainless steel 

cylinder and the weight of the biofilter medium. The density of stainless steel is 7890 kg/m3 (Callister et 

al., 2008). The density of the medium will be assumed to be similar to the density of light compost which 

is 900 kg/m3. Then, the total weight is: 

                

          
  

  
    

 

  
 [
 

 
((      )  (      ) )       ]      

         
  

  
    

 

  
 [
 

 
(      )       ]        

Then, the total weight of the biofilter could be approximated as :                    

The biofilter structure will be resting on the two beams located in the lid, but there will be a hard plastic 

1.5 cm thick separating the compost media from the surrounding in the lid. In this plastic top, a hole will 

be pierced to conduct all the wasted air from the compost to the biofilter. 

As an ending note to biofilters, exhausted gas from biofilters will always contain residual odors, for the 

removal efficiency is never 100%. Using masking agents in the gas stream, such as perfume scents of 

apples, lemons, etc. is optional to the owners (Haug, 1993).  
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10. Ventilation 
As for the ventilation system, first and foremost, as the reference textbook compost engineering states 

that special conditions of moisture and aeration are required to produce thermophilic temperatures and 

they are often considered to be above 113oF (45oC) (Haug, 1993). 

Aeration Requirements 

There are three main reasons why air has to be supplied to compost. Firstly, so the organic 

decomposition’s oxygen demand is met. Secondly, it is supplied to remove water from wet substrates, in 

other words to meet the drying demand). Lastly, aeration is there to remove heat generation occurring 

from the organic decomposition as a mean to keep the temperature stable. Thus, the aeration system is 

a key feature when designing a composting system (Heida et al., 1995). 

Stoichiometric Requirements  

Oxygen demand for nitrification is not considered since they are negligible compared to demand from 

compost by volatilization (R. Haug, 1993). For cases where a mixture of substrates serve as inputs to the 

system, the total oxygen demand will be calculated from the assumed composition of the individual 

fractions and their weighted average oxygen demands. Air is composed of 23.2% oxygen by weight 

(Heida et al., 1995).  

Moisture Removal Requirements 

Rates of biological activity begin to decrease below 40 -50 % moisture levels. This requires air supply to 

be controllable by the operator (Heida et al., 1995). 

Heat Removal Requirements 

Heat release can be estimated from stoichiometric O2 demand. A fraction of the heat will be removed 

either by the output solids or by being lost to the surroundings. This fraction will be neglected to study a 

closed solution. 

Aeration Rate 

Referring to the handbook Compost Engineering written by Roger Haug, since the Compostomatic being 

a batch process system, an estimation of the optimal aeration rate for residential waste would be 0.4 L 

of air per minute per kg of organic matter. This value has been identified for residential compost and as 

being the ideal compromise between peak and minimum demand for a static pile system such as in the 

Compostomatic. The calculations of each criterion mentioned earlier (stoichiometric, moisture removal 

and heat removal) would have been more accurate, but since no samples of the compost are available 

and since no real physical experiences were conducted it is a good and safe option to use this number, 

which itself presents a good safety factor.  

The Compostomatic will be holding 1400 kg of organic matter maximum, but the expected value would 

be more around 1000 kg. The value of 1400 kg will be used to calculate the airflow rate, so that already 

a good safety factor is considered. The air flow rate can therefore be calculated as: 
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Thus, 560 L (or 0.56 m3) of air flowing per minute is required in the compost.  

Control System  

The Compostomatic will present a continuous airflow, with some throttling valves to manually adjust 

abnormal events. The air exchange mechanism is characterized by forced ventilation using two blowers 

to push air through the compost mixture at the airflow rate of 0.56m3 per minute defined earlier, then 

another fan conducting the air through the biofilter media. A schematic of the design is illustrated in 

figure 10-1. 

For the fan dimension, rule of thumb is the larger the fan is, the more efficient. In the design of a 

composting system and a biofilter media, it is important to provide access to fans for maintenance and 

inspection. Also, it is important to select fans and piping presenting materials able to operate in 

corrosive environment, thus PVC materials, stainless steel and fiberglass.  

As it is summarised in the cost analysis, three fans of 38.1 cm of diameter have been selected from the 

Compressed air system Inc (Tampa, Florida) company’s online website. They present a positive airflow 

system and are manually adjustable to provide ranges of airflow from 0.3m3 per minute to 5.6 m3 per 

minute. 

As for the piping system, 40 cm diameter 

PVC pipes were selected from the U.S. 

Plastic Corp website as the piping system 

conducting the exhausted air from the 

garage to the Compostomatic.  

As you can see on the following figure, the 

ventilation system was thought out to be 

simplistic and effective. Also, an exterior 

air intake will occur in the lid to lower 

down the temperature and the moisture 

level in the surroundings of the motor. 

 

 

11. Cost Analysis 
Since every unit has to work in pair, all the costs are calculated for a pair of two Compostomatics. 

 

Figure 10-1: Simplistic representation of the ventilation system 
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Table 11-1: Cost analysis of a pair of Compostomatics 

Description Cost ($) source 

Concrete structure 
This price includes for both units the excavation, the 
reinforced concrete, the concrete slab that joins the unit 
to the road, the insulated layer made in polyurethane 
surrounding the structure, the insulated door that allow 
the emptying of the unit and labour 

12,000  Nader Pour, Pavcan 
Construction.inc, 
president, 25 
November 2011 

AC gear motor 
This is the price of 2 AC gear motor motors 3 Hp. All the 
explanations about the cost of those devices are in the 
gear box section of the report. (Assuming that the 
exchange rate between Canadian and US dollars is 1.00)  

8 000 (Baldor, 2012) 

Auger 
This is the price of 2 augers with similar dimensions than 
the one required for the system.   

600 (Calibex, 2012) 

Metal frame supporting the mixing system 
The price of metal varied a lot during the last year but a 
reasonable assumption is that the current price is $900 per 
ton.  The weight of steel was found previously to be 112 Kg 
for one unit.  

200 (MEPS, 2011) 

Drainage pipe 
The drainage pipes are sold at $149.98 for 30.48 m(100 ft) 
of drain. It is required approximately 46 m (150 ft), which 
means that it will cost $224.97. The cost of the fitting, 3 T 
and one elbow are $20.94 and $7.48 respectively. It is 
assumed that the excavation is included in the price of the 
concrete structure. 

250 (Unimat, 2012) 

Lid 
The price for galvanized steel is approximated at US$ 950 
per tonne. (Assuming that the exchange rate between 
Canadian and US dollars is 1.00) This gives a cost of $27 for 
the metal. Labor, shipping, and a 50% profit by the 
company must be added. Labor is estimated at $160 

800 (MEPS, 2011) 
 

Door 
The price for steel front doors varies around $400. The 
price for one closing mechanism is $14.99. Two are 
needed per door. 

860 (RONA, 2012) 

Biofilter 
Stainless steel sheets 5mm thick can be sold at 1.25$US/ 
lb., when more than 50 lb. are required. 
The biofilter media price was evaluated with an employee 
of the firm ECOSTRAT in Ontario, assuming the dimensions 
of the biofilter and the components ratio of 40% bark and 
wood chips and 60% biologically active components; 100$ 
is said to be a fair assumption. 

240 (MEPS, 2011) 
 
(ECOSTRAT, 2012) 
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Ventilation System 
Positive flow air fans of 38 cm of diameter achieving 
airflows from 0.3m3 per minute to 5.6 m3 per minute are 
600$. The described system requires 3 such fans, thus cost 
1800$ 
PVC pipes of 38.1 cm of diameter cost US$40.51 per foot. 
Each Compostomatic will require 100 foot of piping from 
exhaust from the garage to the inlet in the composting 
system. Thus, the piping will cost approximately CAN$400 
(Assuming that the exchange rate between Canadian and 
US dollars is 1.00) 

2 200 (Compressed air 
System Inc., 2012) 
 
(U.S. Plastic Corp, 
2012) 
 
 

Heater 
The price for a heating element was found to be $55. 
Connections would have to be made. The price is 
therefore estimated as $70.  

70 (HEATERSTORE, 
2012) 

Labour cost 
The labour cost considers the time required to install the 
mixing system, the lid, the ventilation system, the biofilter 
and the drainage system. The labour cost associated to the 
construction of the concrete structure was already 
considered in the concrete structure section. It is 
estimated that all the installation could be done in 4 days 
assuming that 2 peoples works 8 hr/ day. The hourly 
labour cost rate was estimated at $40/hr. 
Cost= 4 x 2 x 8 x 40 = $2 560 

2 560  

Total 
 

27 780  

 

 

12. Summary 
The Compostomatic is a batch composting machine that works in pairs. Each unit has an outside 

diameter of approximately 1.8 meters and an overall height of approximately 2.4 meters. Every unit is 

buried in a slope. Every Compostomatic is made of a concrete structure with reinforcing bars, a concrete 

slab as a foundation, a door, a mixing system, a ventilation system, a biofilter and a covering structure. 

AutoCAD sketches of the components can be found in Annex K. The overall cost is higher than was first 

expected. The major contributors to this high cost are the construction of the structure and the motors 

which are difficult to change. The board of directors of the condominium building for which it was 

designed is very interested in incorporating a composting system. The Compostomatic will be presented 

as a possible option.  
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Application 
The Compostomatic was designed specifically for the condominium complex on Av. Du Golf at La Prairie, 

but it could be implemented at different locations. One or multiple Compostomatic pairs could be 

implemented at other condominium complexes, senior citizens centers, schools, etc. Connecting the 

ventilation system to an underground parking would be an advantage since it reduces heating costs, but 

it is not necessary. Overall, Compostomatics can be implemented in any location with a high density of 

population and a landscape with small hills or a slope.  
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Annex A - Section 1: Determining Dimensions  
 

                                                                              

                                         

 
                   

           
 
                  

           
  (

    

       
) 

 

Determining the minimum diameter of the concrete structure: 

          √
      

         
  √
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Annex B - section 2.1:  Calculation of the compressive force inside 

concrete wall 
 

Determination of angle of internal failure plane (β) and the active pressure coefficient (  ).  

All those parameters are found using the soil mechanics book (Mckyes, 1989). Those parameters are in 

function of the angle of internal friction (Ф), angle of surface friction  ( ) and the wall angle (α) 

                                

 

Determination of the force created by the soil on the wall (  ): 

  
      (      ) 

    
 

 
 (  

  

  
     

  

  
)  (     )            

  

 
 

This force, however, acts on the wall at an angle δ from the horizontal plane. In order to find the force 

that acts perpendicular to the wall, it is required to multiply that force by cos δ. Moreover, if we want to 

find the component of that force that acts vertically and push the wall on the floor,    
  needs to be 

multiplied by sin δ. 

     
    ( )       

  

 
     (

 

 
    )       

  

 
  

     
    ( )       

  

 
     (

 

 
    )       

  

 
  

 

Determination of the maximum pressure created by the force   : 

The pressure will increase linearly along the concrete wall to reach the maximum pressure at the 

bottom of the wall. Therefore, the maximum pressure will happen at the bottom of the concrete wall as 

shown on picture 2-1. Since the integral of the pressure gives the total force, it is possible to derive the 

force to get the pressure function. 

    ∫       
 

 

    
        

 
                    

At the bottom of the structure, z = H = 1.52 m 

         
    
 

  
       

  
 

      
          

 

-  Determination of the pressure created by the water at the bottom of the wall (  ): 

                   
  

  
                  

 

-  Determination of the total pressure at the bottom of the wall (         ): 

                                                            

-  Determination of the compressive force on the concrete wall (  )  

    ∫       
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This formula gives the total force created by a linearly increasing pressure on the wall. However, it is 

known that the pressure is much greater at the bottom of the wall than at the top. In order to 

determine if the wall can support the pressure, it will be assume that the force produced by the soil 

creates an even pressure over the total cross sectional area of the wall which simplifies the calculations. 

As with all the other calculations, a safety factor of 3 will be applied.  

 

Determination of the compressive force assuming a safety factor of 3: 

   
         

    
                           ( )           
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Annex C - section 2.2:  Calculation of the tension force inside concrete 

wall 
Determination of the weight density of compost (  ): 

           
  

  
    

 

  
 (

    

      
)      

  

  
 

 

Determination of the hydraulic radius of the concrete tank (r): (Mckyes, 1989) 

  
                    (   )

         ( )
  

   

 
  

 
 

 
 
      

 
          

 

Determination of the pressure on the wall of the structure (   ) : (Mckyes, 1989) 

     
   

    ( )
⌊   

     ( ) 
 ⌋ 

          

Where    depth starting from the top of the concrete structure 

 

Based on those equations, it is obvious that the pressure is not increasing linearly across the depth. 

Therefore, in order to calculate the tension in the wall, the height will be divided in sections of 

approximately 0.5 m and the tension force (T) will be calculated for each of those sections. Inside each 

of those sections, the pressure will be assumed to increase linearly. An average pressure can therefore 

be assumed for each section. 

 

At z= 0 (Top surface) 

        
    

  
  

         

       (   )
⌊   

        (   )    
        ⌋        

                                

At z=1/3H=0.51 m 

           
    

  
  

         

       (   )
⌊   

        (   )       
        ⌋      

  

  
          

                                            

At z=2/3H=1.01 m 

           
    

  
  

         

       (   )
⌊   

        (   )       
        ⌋      

  

  
          

                                            

At z=H=1.52 m 

           
    

  
  

         

       (   )
⌊   

        (   )       
        ⌋      
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The tension force carried by two opposite sections of the wall will be in function of the average pressure 

inside the structure times the area over which this pressure acts. This will be found for the three wall 

sections identified previously. Figure 2-2 is a representation of the pressure distribution on the wall. 

Therefore, the tension (Te) inside a wall section can be defined as: 

 

                   

                 
(                )

 
    

Section 0 m ≤ z ≤ 0.51 m  

    
(                )

 
     

(              )

 
                       

Section 0.51m ≤ z ≤ 1.01 m  

    
(                   )

 
     

(                 )

 
                      

Section 1.01m ≤ z ≤ 1.52 m  

    
(                   )

 
     

(                 )

 
                      

 

Determination of the tension force assuming a safety factor of 3 

   
         

    
                           ( )           (  ) 

 

Section 0 m ≤ z ≤ 0.51 m  

                              

Section 0.51m ≤ z ≤ 1.01 m  

                              

Section 1.01m ≤ z ≤ 1.52 m  
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Annex D - section 2.2:   Component weight calculation of the 

Compostomatic 
 

Determination of the weight of the concrete wall 

According to the Building Design and Construction Handbook, the density of reinforced concrete can be 

assumed as            (          ) (Merritt, 2001, p.4.22). 

             
  

  
    

 

  
 (

    

      
)       

  

  
 

              {(
      

 

 
 
      

 

 
)           } 
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 (      (       ))
 

 
 
 (     ) 

 
)            } 

            

Determination of the weight of the compost 

              
      

 

 
     

  

  
        

 (     ) 

 
          

Determination of the snow load 

Based on the National building code of Canada, the design snow load for the area of Brossard is 2.4 kPa 

(NRC. 2010). Therefore, the snow load supported by the roof of the structure is: 

           
 (      (       ))

 

 
         

Determination of the weight of the mixing system 

The weight of the mixing system is calculated in detail in a subsequent section of this report. Here is a 

summary of all the weight associated with the mixing system. 

 
Table 0-1: Weights of the different components of the mixing system 

Component Weight (kN) 

Electric AC gear motor 0.732 

Metal framing 1.098 

Metal Auger 0.784 

Total: 2.61 

Determination of the weight of the bio filter 

The weight of the biofilter is 0.380 kN. The detailed calculations allowing to obtain this data are done in 

the biofilter section. 

Determination of the weight of the lid 

The weight of the covering lid is 0.274 kN. The detailed calculations allowing to obtain this data is done 

in the lid section. 

Determination of total weight 
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Annex F - Section 5: Forces acting on the door 
 

The forces acting on each section of the door are calculated as: 

 

                                   

 

Section 1 

            (         ) 
     

            

 

Section 2 

            (         ) 
     

            

 

Section 3 

            (         ) 
     

            

 

The total force acting on the door: 
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Annex F - Section 6.11:  Derivation of the Torque formulas 
Analysis of the torque requirement for the auger 

 

Normal force is defined as 

       ( )         ( )  

 

Frictional force is defined as 

   (     ( )         ( ))   ( )  

 

Summation of the force in X direction is defined as 

∑   

     ( )       ( )  (     ( )         ( ))   ( ) =0 

The Force required to push the compost is defined as 

     [
   ( )   ( )     ( )

   ( )      ( )   ( )
] 

 

 

The angle of the plate 

Assuming that the average angle of the plate is the angle at the middle of the plate and the area of the 

central shaft is negligible over the overall area of the plate, the inclination of the plate could be defined 

as:  

       [
 

 
  
 

] 

Combining the two previous equations, we can find that the force required to push the compost is  

     [
 
  
    

( )   

 
  
      

( )
] 

The torque required for the auger  

Assuming that the force    is acting at the middle of the plate, the overall torque requirement for the 

auger could be defined as: 

    
  
 
[
 
  
    

( )   

 
  
      

( )
] 

 

 

  

Figure 0-1 Free body diagram of a small 
compost element 
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Annex G - Section 6.14:  Stress analysis in the central shaft 
 

In order to analyse all the stress present into the shaft, a free body diagram will be made. It is important 

to notice that the vertical stress due to the weight of the compost and the weight of the auger will act as 

a mean stress and the stress due to torque will be alternating since it is zero when the auger is at rest 

and maximum when the shaft is turning. The stress due to the lateral force is alternating during the 

motion of the auger since the lateral force is always in the same direction and the auger is turning. 

Figure 6-6 shows a Free Body Diagram (FBD) of the top part of the shaft. The location of all the forces 

could be known by looking figure 6-6.  

 
Figure 0-1 Free body diagram at the top end of the shaft 

Determination of the forces      and      

∑   
      

                        

     
         

      
 
              

      
         

 

∑                          

                                    

 

Determination of the shear (V) and moment (M) distribution V due to     ,      and     

 
Table 0-1: Shear and moment distribution inside the auger shaft 

Location Shear (V) Moment (M) 

0 > X > 65           M =    ∫  ( )
 

 
             

X = 65 -               
     kN 

M        (      )            

 

Determination of the stress at point P (x = 65 mm) due to to     ,      and     
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 (      ) 
          

 

Determination of the stress at point P (x = 65 mm) due to the torsion T 

  
   

       
  

         

 (      ) 
          

 

Determination of the stress at point P (x = 65 mm) due to the vertical force    

   
   

       
  

        

 (      ) 
          

 

6.1.5. Determination of the equivalent mean stress at point P 

The equivalent mean stress at point P has to be found by combining all the mean stresses with the 

Mohr’s cycle and solving for the maximum principal stress   . There are two stresses that contribute to 

the mean stress. The first one,   , is uniquely a mean stress since that stress is constant when the 

compost is present inside the unit.  Secondly, the torsion has also a component that contributes to the 

mean stress since it alternates from zero to its maximum value of 44 MPa. Therefore, its mean stress is 

22 MPa. Figure 6-7 shows, on the left, a summary of the mean stresses acting on a small element at 

point P and on the right, the Mohr’s Cycle showing how to find the maximum principal stress (    ). 

 
Figure 0-2 Mean stress acting on a small element at point P and its associated Mohr's cycle 

Determination of the center of the circle 

   
          

 
 
          

 
          

Determination of the radius of the circle 

  √( 
          

 
)
 

      
  √( 

           

 
)
 

  (       )            

Determination of the principal stress     
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Based on the theories developed to evaluate the fatigue strength, the maximum principal stress of the 

combination of all the mean stresses is the equivalent mean stress (    ). Therefore               

 

6.1.6. Determination of the equivalent alternating stress at point P 

The equivalent alternating stress at point P has to be found by combining all the alternating stresses 

using the Shear Strain energy theory. There are two stresses that are alternating through time. The first 

one,   , is uniquely alternating since it goes from 85.7 MPa to -85.7 MPa and comeback to 85.7 MPa at 

each complete rotation of the auger.  Secondly, the torsion stress is alternating from 0 when the auger is 

at rest to its maximum value of 44 MPa when the auger is rotating. Therefore, the amplitude of the 

alternating stress is 22 MPa. It is important to notice that the first stress is alternating at a much higher 

rate than the second one since the first one does a full cycle at each rotation of the auger and the 

second one does a full cycle at each time the auger is activated.  The most conservative approach will be 

to assume that each of those stresses alternate at the same rate and this rate will be the maximum one. 

The equivalent alternating stress when there is one tensile stress and one shear stress is defined as: 

     √      
          

  √(        )     (      )           

 

6.1.7. Determination of the strength of the shaft 

In order to find the strength of the shaft, it is required to find the endurance limit of the material. The 

endurance limit of the material (   ) is defined as : 

       
           

The   
  factor was found using figure 8.5 in the Design Handbook (Juvenall et al., 2011). This parameter 

is in function of the material and the number of cycles that the material is subjected to. Assuming that 

the revolution speed of the auger is 50 RPM and the auger is working 30 minutes per days, the number 

of rotations achieved during a year is 547,500 rotations. Therefore, it is realistic to say that the auger 

will be subjected to more than 106 rotations in its life which means   
         must be used (Juvenall 

et al., 2011). 

The    factor can be found using table 8.1 in the Design Handbook (Juvenall et al., 2011). Since the main 

alternating stress is a bending stress, the load factor is 1.0. 

The    factor can be found using table 8.1 in the Design Handbook (Juvenall et al., 2011). For a shaft 

diameter greater than 10 mm and an alternating bending stress, the gradient factor is 0.9. 

The    factor can be found using figure 8.13 in the Design Handbook (Juvenall et al., 2011). For a 

machined shaft with tensile strength of 520 MPa, the surface factor is 0.78. 

Therefore, the endurance limit of the material (   ) is : 

                                                        

 

The following graph shows the relation between the equivalent alternating stress and the equivalent 

mean stress. Using this graph, it is possible to find the maximum possible alternating stress before 

failure which will indicate what safety factor the design is.  
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Figure 0-3 Relation between alternating and mean stresses 

By linear interpolation on the line, it is possible to find the maximum alternating equivalent stress 

before failure    . 

        (  
    
   

)            (  
        

       
)            

Therefore, the safety factor of this design is:  
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Annex H - Section 6.4:  Dimension of are and metal support and their 

weight 
 

 

Arm of the auger 

 
Figure 0-1: Arm of the auger dimensions 

Metal support 

 
Figure 0-2 Metal support dimensions 

 

Determination of the weight of steel 

Volume of steel in the long square beam is:  

              ((       )
  (       ) ))                  

Volume of steel in the arm and the supporting flat bar next to the motor is approximately 0.001    

Therefore, the weight of metal could be calculated as: 

                   
  

  
    

 

  
 (                  )         

 



54 
 

Annex I - Section 7: Covering structure 
 

The surface area of the lid: 

            (
        
 

)
 

   (      )       

 

The approximate weight of the covering structure: 

         
             

 

   
           

 

 

 

 

 

 

  



55 
 

Annex J - Section 8 – Heat loss calculations 
 

8.1. Buried Structure 

 

Surface area of the buried concrete: 

                                    

 

Temperature differences used for determining heat loss from a buried concrete structure: 

           

                

                

 

For buried conditions in La Prairie-Brossard area, the amplitude is 11°C (Howell et al., 2009, p.218) and 

the annual mean temperature is 6.2°C (ISQ, 2010). 

                          

                          

 

This will give differences in temperature of: 

             (    )          

             (    )          

 

Thermal resistance of this section: 

                        (         )( 
  )         (   )   

 

With this R value and an average depth of 1.5 m, the corresponding U value is 0.377 W/    

                           

                         ⁄                        

 

                           

                         ⁄                       

 

 

8.2. Base 

Heat loss from the base:  

                                  
 

   
 (   (     ))  

                     

                                  
 

   
 (       )  

                    

8.3. Exposed Structure 
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Heat transfer coefficient: 

        
 

                                 
 

 

(                     )(   )  
 

        
 

     (   )  
         (   ) 

 

        
 

                                 
 

 

(                     )(   )  
 

       
 

     (   )  
         (   ) 

 

Area of the exposed concrete: 

                                        

 

Heat loss: 

                         

                           ( 
  )         (   (     ))          

 

                         

                           ( 
  )         (       )          

 

 

8.4. Door 

 

Heat transfer coefficient: 

        
 

                 
 

 

(          )(   )  
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(          )(   )  
 

        
 

     (   )  
         (   ) 

 

Heat loss through the door: 

                   

                        
  (   (     ))          

 

                   

                        
  (       )          

8.5. Covering Structure 
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Heat transfer coefficient: 

        
 

                 
 

 

(          )(   )  
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(          )(   )  
 

        
 

      (   )  
         (   ) 

 

Heat loss through the covering structure: 

 

                   

                     
  (   (     ))          
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Annex K – Detailed drawings of the concrete structure 

 

 

Top View 

 

 

 

Side View 

760mm 

1770mm 
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Front View 

 

 

 

 

  

200mm 

200mm 

1520mm 
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Annex L – Compostomatics emplacements  
 

The yellow rectangles represent the proposed emplacement of the Compostomatic pairs. 

 
Figure 0-1: Layout of the condominium complex 




