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1. Introduction 

 

According to EN 12566-1:2016 5.1.1, for buried installation, the load 

bearing capacity of the septic tank shall be established: 

- Either by calculation with the knowledge of basic data for material and 

loads. 

- Or by test directly on the tank of the unit. 

For the project of Septic Tank 1m3, the load bearing capacity will be 

established by calculation with the FEM analysis software using Method 1 

in EN12566-1:2016 5.1.2.1. 

 

1.1. Job description 

 

This FEM analysis performs the calculation of load bearing capacity based 

on the 3D model for roto-mould tooling and the knowledge of basic data for 

material and loads. 

3D model is simplified to reduce the FEM calculation time. 

Basic parameters of the raw material for FEM calculation are based on 

experience data within Uponor. 

Constraints are based on installation instruction made by Uponor. 

Loads are defined according to standard of EN 12566-1:2016 5.1.2. 

FEM calculation is performed by the application of “Ansys 2021”. 3D model 

is prepared by the application of “Solidworks 2020”. 

 

1.2. Analysis objectives 

 

The target of this FEM analysis is to estimate the load bearing capacity of 

the Septic Tank 1m3, to check if the design can meet the requirements 

addressed in EN 12566-1:2016. 
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1.3. Analysis model 

 

The original CAD model (Figure 1) is a surface model. This model is part of 

the surface model which is fully developed for the tooling of roto-mould. The 

overall wall thickness is 8.5mm. Minus variation of the wall thickness is not 

considered in this calculation. 

 

 
Figure 1: original surface model 
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The 3D model for analysis (Figure 2) is simplified by removing some small 

features which won’t affect the simulation result, or affect local area result 

only, but won’t affect the overall result. These features increase the mesh 

numbers and calculation time a lot. 

The middle ribs (include the kiss-off features) are replaced by simple ribs, 

as they make the mesh model too complex. The shape change won’t have big 

impact on the overall result, and these areas will be filled by sands which will 

reinforce the structure. 

 
Figure 2: simplified model for analysis 
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2. Analysis setup 

 

2.1. Analysis type 

 

Analysis type is geometrically and materially nonlinear static structural 

analysis. 

 

2.2. Material model 

 

The raw material of the tank is Polyethylenne for roto-mould. Currently raw 

material (Total M4041 and Lupolen 4021) from 2 suppliers are used in Uponor. 

Based on the datasheet from suppliers, they have only slight differences in 

major properties. 

 
Table 1: Datasheet of Lupolen 4021 

 

  
Table 2: Datasheet of Total M4041 
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The material model is multi-linear plastic. Raw material suppliers use 

different method to address the modulus. Here we use their “Tensile Modulus” 

and “Flexural Modulus” as the short-term Young’s Modulus. Since the supplier 

cannot provide the long-term Modulus, to keep a safe factor, based on the 

experience of Uponor practice, use 1/3 of the original modulus as long term 

one. Material properties are defined as below (Table 3). For this analysis, long 

term data will be applied. 

 

Material PE for roto-mould 

Young’s Modulus (short term) 750/730 MPa 

Young’s Modulus (long term) 240MPa 

Poisson’s (short term) 0,42 

Poisson’s (long term) 0,45 

Table 3: Material properties used for calculation 

 

The tensile strength from the raw material supplier is 19MPa and 21MPa. 

Based on Uponor practice, the stress-strain curves (Figure 3) vary for different 

strain rates. The stress-strain curve for this analysis is drawn in red. 

The related stress-strain data in Figure 3 is shown in Table 4. 

 

Stress (MPa) Strain 

0 0.0% 

7.5 7.5% 

14.5 35% 

Table 4: Stress-Strain data 
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Figure 3: Stress-Strain curve 

 

2.3. Mesh 

 

Solid (shell) model is used as the geometry for analysis. Wall thickness is 

8.5mm per the design intend. 

The mesh is using linear shell elements. Element size set to 10mm. Per the 

preliminary simulation, surfaces where the max stress located are refined with 

a refinement factor of 1. 

Total nodes are 1,186,563 and elements are 624,769 accordingly. (Figure 

4) 
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Figure 4: mesh elements 

 

2.4. Boundary conditions 

 

To perform the FEM calculation, the tank body needs to be constrained for 

the X-Y-Z freedoms. 

The coordinate system is to set Y upwards. -Y is the gravity direction. XZ is 

the plane parallel to ground surface in horizontal. 

Set the point at bottom centre area as the support in Y direction to minimize 

the impact on the rest of the body. (Refer to Figure 5) Leave the XY direction 

free. 

Set the surfaces interface to the riser as the XZ displacement constrains. 

The riser components are considered to be rigid. the displacement in XZ 

direction is very small compared to the tank. (Refer to Figure 5) Leave the Y 

direction free. 
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Figure 5: Boundary conditions 
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The internal spaces will be filled by sands after installation. And the sands 

will provide additional support to the surfaces around. According to Uponor 

experience, apply 5N/mm3 elastic support if the sands are well filled. Here 

0,5N/mm3 elastic support applied to the concaved spaces (marked in Figure 

6) as these areas may not be well filled by sands (install instruction addressed 

that need to check the back fill status at these areas). The elastic support on 

the rest of surfaces is not considered in this calculation. 

 
Figure 6: Elastic support 
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2.5. Loads 

 

According to EN 12566-1:2016 5.1.2, the load conditions are shown in 

Figure 7. Only worst-case load combination is calculated, suppose that 

results of all other load combinations are “pass” if result of worst-case 

load combination is “pass”. 

Gravity load is also applied. Density is set to 940Kg/m3. 

Even though most of the time water is filled inside the tank, the internal 

hydrostatic load is not applied. 

 

 
Figure 7: Loads 

 

➢ Backfill loads (EN 12566-3:2016 5.1.2.2) 

Vertical component: H x 18 (expressed in kN/m2), where 18 (kN/m3) is 

the specific weight of the soil and H is the height (in meter) of backfill. 
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Apply a hydrostatic load to the top surfaces of the tank with a Fluid 

Density of 1800Kg/m3 to simulate the vertical component. 

Horizontal component: K x D x 18 (expressed in kN/m2), where D (in 

meter) is the distance from the ground level to the point where the load 

applies. K coefficient of gravel is 0,27. 

Apply a hydrostatic load to the side surfaces of the tank with a Fluid 

Density of 486Kg/m3 to simulate the horizontal component. 

 

➢ Hydrostatic loads (EN 12566-3:2016 5.1.2.3) 

The vertical and horizontal component are the same according to the 

standard. 

Apply a hydrostatic load to all outer surfaces with a Fluid Density of 

1000Kg/m3 to simulate the hydrostatic load of underground water. 

 

➢ Pedestrian loads (EN 12566-1:2016 5.1.2.4) 

According to the standard, for pedestrian loads a value of 2,5kN/m2 

shall be considered in calculation only when the height of the backfill is 

less than or equal to 1m. 

Apply a pressure load of 2.5kN/m2 to the top surfaces of the tank to 

address the pedestrian loads. 

 

3. Analysis results 

 

Result of equivalent stress and total deformation are shown here as the 

analysis output. Equivalent stress is to define the strength of the model, and 

total deformation is to define the displacement of the elements. 

 

3.1. Equivalent stress 

 

According to the Stress-strain curve, the equivalent stress is divided into 3 

segments.  

0-7,5 MPa: marked in blue, represents the safe area. 

7,5-14,5 MPa: marked in green, represents low risk area. 

>14,5 MPa: marked in red, represents high risk area. 
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Simulation shows most of the areas are safe (blue surfaces in Figure 8). 

Two relatively larger low risk areas (green surfaces in Figure 9), and several 

small risk areas which are so small that can be ignored. High risk areas are 

located at the small, concaved corners (red surfaces in Figure 10). High risk 

area is very small and local, and considered to be ignored. 

 

 
Figure 8: Equivalent stress overview 
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Figure 9: Low risk area 

 

 
Figure 10: High risk area 
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3.2. Deformation 

 

Total deformation overview is shown in Figure 11. Simulation shows the 

majority of the area has a deformation less than 20mm. Max deformation area 

is on the side concaved surface with a max deformation of 44mm. 

According to the result, even take the maximum deformation into account, 

the average decrease in X direction should be less than 50mm (refer to Figure 

12). The average decrease in Z direction should be less than 20mm (refer to 

Figure 14). The average decrease in height (Y direction) should be less than 

20mm (refer to Figure 13). Treat the tank as a box with XYZ dimension of 

1650x1080x1100mm, the rough calculation of total volume lose is around 7%. 

 

Figure 15 shows the displacement of the inlet and outlet area. Both areas 

are not tweaked. Displacement of inlet centre is 7mm and the displacement of 

outlet centre is 20mm. With a 1m pipe, the tilt angle caused is around 0.4° and 

1.2°. This kind of displacement won’t cause leakage. 
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Figure 11: Total deformation 
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Figure 12: Deformation in X direction 
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Figure 13: Deformation in Y direction 
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Figure 14: Deformation in Z direction 
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Figure 15: Deformation at inlet and outlet area 
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4. Conclusions 

 

According to the standard of EN 12566-1:2016 D.6.3, for septic tanks made 

with materials other than concrete or GRP, criteria is as below: 

- the variation of the volume of the septic tank shall be lower than 20% 

of the internal volume of the septic tank; 

- the movement of inlet, outlet and interconnecting pipe works shall not 

lead to a lack of watertightness.  

In real case, the tank is buried underground and surrounded by sands/soils 

which provide extra support to the structure. Most of the time, the tank is filled 

by wastewater which will neutralize the external pressure applied by 

underground water. All these factors make the tank even safer than what this 

FEM calculation indicated. 

Calculation shows that the tank will withstand the designed forces with a 

safe margin, and it can thus be concluded that according to the calculation the 

tank will comply to EN 12566-1:2016 requirements. 
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