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1.0 Determination of Modulus of Elasticity
Values for certain mechanical properties are required for performing the computer modeling. One of these
properties is the Modulus of Elasticity or Young’s Modulus (E) and is a measure of stiffness. In the case of the
Endura Form panels, it is used to predict the amount of load before yield, the panel can support when a load is
centrally placed on the panel with only the ends of the panel being supported.
The Endura Form panels are made of High Density Polyethylene (HDPE) and are
constructed in an injection molding process.
The computer modeling was run with values obtained for Dow HDPE 10462N High Density Polyethylene from
the MatWeb Online Materials Database.
Table 1 – MatWeb Material Properties of Dow HDPE 10462N High Density Polyethylene
Physical Properties
Metric
English
Density

0.962 g/cc

0.0348 lb/in3

Tensile Strength, Yield

23.4 MPa

3390 psi

Modulus of Elasticity

0.745 GPa

108 ksi

Mechanical Properties

To confirm that the values obtained from Mat Web were close to the characteristics of the actual panel, samples
were cut from the panel ribs and tensile tested at +23 degrees Celsius to determine the Modulus of Elasticity.
Table 2 – Material Properties of Endura Form Panels at +23o Celsius
Sample Number

Modulus of Elasticity
(GPa)

difference from MatWeb value

1

0.733

-1.6%

2

0.761

+2.1%

Test results show some variation in values but not of any significance to warrant any changes to the model.

To design for different environmental condition that the panels might undergo, further samples were tested at
– 40 degrees Celsius and + 60 degrees Celsius.
Table 3 – Material Properties of Endura Form Panels at -40o Celsius
Temperature

Modulus of Elasticity
(GPa)1

Tensile Strength, Yield (MPa)

-40 degrees Celsius

0.799

22.7

There is no appreciable difference between the values for the Modulus of Elasticity at +23 degrees Celsius than
at -40 degrees Celsius. The panel will perform similarly through the temperature range of -40 degrees Celsius
through to + 23 degrees Celsius.
Table 4 – Material Properties of Endura Form Panels at +60o Celsius
Temperature

Modulus of Elasticity
(GPa)2

Tensile Strength, Yield (MPa)

+ 60 degrees Celsius

0.128

17.9

At elevated temperatures there is a significant drop in the Modulus of Elasticity which is not unexpected as the
panels will soften as the temperature rises, as well as a drop in the yield stress point.

2.0 Endura HDPE Panel Stress Analysis Load Cases
Geometry/Material:
Endura panels are made out of HDPE (High Density Polyethylene) polymers. They have complex features
which give them large loading capacity. The panel shape is rectangular (48”x32”) similar to a slab and can carry
in-plane and/or out-of-plane loads. The panels can be locked together to increase their loading capacity. The
Young’s modulus of elasticity is 745 MPa , density 962 kg/m3 and the tensile strength yield point is 23.4 MPa.

1
2

The Tangent Modulus, as reported.
The Tangent Modulus, as reported.

Objective of the Analysis:
In order to quantify the loading capacity3 of the panels, we used FEA (Finite Element Analysis) technique to
calculate the mechanical stresses due to un-factored applied loads. We considered three loading cases, per
client’s specifications. Each load case and the obtained results are presented in the following sections. Table 1
summarizes these results. For these analyses two panels were considered when they are locked together, as
shown in the picture. Data for the load cases can be seen in Appendix B.

Loading case 1:
An area at the centre of the panel is uniformly loaded. The area of the applied load is 152.4X508 mm2
(6”X20”). The panel is loaded until the principal stress4 reaches the yield point. For this case the loading
capacity was 500 kPa, equivalent to 8700 lbs, when the panel is supported along the length and 300 kPa,
equivalent to 5222 lbs when it is supported along the width.

Loading case 2:
An area at the centre of the panel is uniformly loaded. The area of the applied load is 304.8X508 mm2
(12”X20”). The panel is loaded until the principal stress reaches the yield point. For this case the loading
capacity was 260 kPa, equivalent to 9050 lbs when the panel is supported along the length and 200 kPa ,
equivalent to 6960 lbs when it is supported along the width.

3

These are not design loads. For applications of these panels standard code parameters should be applied relevant to the
application case.
4
Or Von‐Mises stress

Loading case 3:
The whole panel is uniformly loaded. The area of the applied load is 812.8x1219.2 mm2 (32”X48”). The panel
is loaded until the principal stress reaches the yield point. For this case the loading capacity was 140 kPa,
equivalent to 31196 lbs, when the panel is supported along the length and 70 kPa, equivalent to 15593 lbs when
it is supported along the width.

Special Loading Case
A special case when the panel is entirely supported on soil was also analyzed.
These results are under the assumption that the material is behaving elastically. In other words panel may carry
more loads but the panel will deform permanently.
Also some analysis was done when the panels are reinforced by steel pipes placed freely in the groves of the
panel. These pipes are 1” in diameter and have wall thickness of 0.113”. This analysis shows about 20-25%
increase in the load capacity compared to cases without pipes. More detailed calculations should be done when
exact load capacity is needed.
Table 5 - Analysis results for Endura panel load capacity (@ 23o Celsius)
Load case 1
Load case 2

Load case 3

Supported

Supported

Supported

Supported

Supported

Supported

along the

along the

along the

along the

along the

along the

length

width

length

width

length

width

8700 lbs

5222 lbs

9050 lbs

6960 lbs

31196 lbs

15593 lbs

(500 KPa)

(300 Kpa)

(260 KPa)

(200 KPa)

(140 KPa)

(70KPa)

Table 6 - Analysis results for Endura panel load capacity (@ -40o Celsius)
Load Case 3
Supported along the width
15593 lbs (70 KPa)
Table 7 - Analysis results for Endura panel load capacity (@ +60o Celsius)
Load case 3
Supported along the width
11138 lbs (50KPa)

3.0 Summary
The Endura Form panels, made of High Density Polyethylene lends itself to a many applications because of its
wide range of characteristics, among them
• resistance to many different solvents,
• ability to withstand elevated temperatures (110 degrees Celsius continuously, albeit with a drop in load
capacity)
• higher tensile strength than lower density polyethylene
• good impact resistance
• low weight (specific gravity of 0.95)
• low moisture absorption
Table 1: Analysis results for Endura panel load capacity at room temperature (23o C), shows the maximum
theoretical values of the loading of the panel before yielding or deformation takes place. This means once the
load is removed, the panel will return to its original shape. For practical applications load factors and yield
strength coefficients should be applied according to the relevant code of practice.
As indicated in Table 5, temperature does not play a significant role in the ability of the panel to withstand
loading when the panel is loaded at 23o Celsius or lower (tested down to -40o C). However, as the temperature
rises above 23o Celsius (tested to +60o C), the ability of the Endura Form panels to withstand load, decreases as
shown in Table 6. This shows that the material is much less “stiff” at higher temperatures (i.e. will deform more
under a given load than at lower temperatures). Therefore, load capacity should be de-rated with temperature
increases and design factors incorporated into the design when needed.
Testing results can be seen in Appendix A.
In the special loading case, where pipes were added into the panel structure, load capacity theoretically
increased by 20-25% of the values in table 1.

Appendix A – Tensile Testing Results
Room Temperature Sample

Graph of Room Temperature Sample

-40 Degree Celsius Samples

Graph of -40 Degree Celsius Samples

+60 Degree Celsius Samples

Graph of +60 Degree Celsius Samples

Appendix B – Finite Element Analysis
Load Case 1 – Length

Load Case 1 – Width

Load Case 2 – Length

Load Case 2 – Width

Load Case 3 – Length

Load Case 3 – Width

Load Case 2 – at -40 degrees Celsius along the width

Finite Element Analysis at -40 degrees Celsius

