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SUMMARY 

)igŵa GƌouŶd “olutioŶs͛ TuffTƌak® aŶd EuƌoMat® are temporary road and ground protection

mats manufactured from recycled UHMWPE and recycled HDPE respectively.  This report 

describes a study to assess the vertical deflection of the mats and the associated stresses 

when loaded.  

The mats analysed (Reference 1) were: 

 TuffTrak® (3000 x 2500 x 38 mm)

 EuroMat® (2410 x 1200 x 12 mm)

The contact areas analysed (Reference 1) were: 

 Eurocode (Reference 2) (400 x 400 mm)

 As per previous studies (Reference 7) (US) ;ϭϬ͟ ǆ ϮϬ͟Ϳ

The load cases analysed were: 

 Single contact area in the centre of the mat

 Two contact areas with centres 1.94 m apart (Reference 3)

The analysis was performed by applying a force of 50 kN (12.5kN on quartered model) and 

scaling the resulting stresses and vertical displacements for other load magnitudes (100, 150, 

200 and 250kN). These were then used to calculate the load capacity. In the cases with two 

contact areas, the load was split evenly between them. 
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The results show: 

 The higher the CBR value of the soil, the higher the load capacity of the mat.

This is because more of the stress is absorbed by the stiffness of the soil.

 Stiffer soils (higher CBR values) lead to lower deflections in the mats.

 US contact areas give higher stresses than Eurocode contact areas, in part

because of the smaller contact areas.

 When the load is spread across two contact areas, the stresses are lower.

However, as the contact areas are closer to the edges of the mat, the stresses

are reduced to 52-66% of the typical value present with a single contact area

rather than 50%, as might be expected.
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1 INTRODUCTION 

Zigŵa GƌouŶd “olutioŶs͛ TuffTƌak® aŶd EuƌoMat® aƌe teŵpoƌaƌǇ road and ground protection 

mats manufactured from recycled UHMWPE and recycled HDPE respectively.  This report 

analyses the vertical deflection of the mats and the associated stresses when loaded.  

The mats analysed were: 

 TuffTrak® (3000 x 2500 x 38 mm) 

 EuroMat® (2410 x 1200 x 12 mm) 

The contact areas analysed were: 

 Eurocode (400 x 400 mm) 

 As per previous studies (Reference 6) (US) ;ϭϬ͟ ǆ ϮϬ͟Ϳ 

The load cases analysed were: 

 Single contact area in the centre of the mat 

 Two contact areas with centres 1.94 m apart  

The analysis was performed by applying a force of 50 kN (12.5kN on quartered model) and 

scaling the resulting stresses and vertical displacements for other load magnitudes (100, 

150, 200 and 250kN). These were then used to calculate the load capacity. In the cases with 

two contact areas, the load was split evenly between them. 

2 SCOPE OF WORK 

The scope of work is defined in proposal 3588/07 and is listed below: 

1. Review information and planning. 

2. Import supplied model of each mat into Solidworks and create mesh 

3. Perform the minimum number of simulation runs 

4. Post processing of the results including population of the provided matrix table 

(Reference 1) by linearly scaling the results of the FEA 

5. Internal Verification 

6. Reporting 



 

Report 3588/26 Issue III 2 09 January 2015 

 

 

3 METHOD 

Three-dimensional models of one quarter of the mats were generated using SolidWorks 

(Reference 4).  Symmetry constraints were then applied so that the model and results were 

representative of the complete mat. The four loading scenarios for each mat are shown in 

Figures 1.1 and 1.2.  The soil was modelled as a block with the same length and breadth as 

the mats, and 1m deep (sufficiently far from the loaded area as to not influence the results).  

The models are shown in Figure 2. 

The TuffTrak® mat was modelled as recycled UHMWPE, and the EuroMat® mat has been 

modelled as recycled HDPE.  The soil was modelled as solid blocks with California Bearing 

Ratios (CBR) of 10, 20, 30, 40 and 60. All material properties are given in Table 1. 

The models were exported into SolidWorks Simulation (Reference 5) and meshed using 10 

node, solid tetrahedral elements, shown in Figure 3. The fixtures are shown in green and the 

load locations shown in purple. 

 

Figure 1.1 – TuffTrak® Loading Scenarios: Eurocode (400x 400 mm, Left) and as previous studies (254 

x 508 mm, Right) 
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Figure 1.2 – EuroMat® Loading Scenarios: Eurocode (400x 400 mm, Left) and as previous studies 

(254 x 508 mm, Right) 

 

             

Figure 2 – Models – TuffTrak® (Left) and EuroMat® (Right) 
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Table 1 – Material Properties at Ambient Temperature (References 6 & 7) 

The soil is modelled as fully compacted and drained, and the relationship between CBR and 

YouŶg͛s Modulus ǁas takeŶ to ďe: 

17.62 x CBR
0.64

 (MPa) (Reference 8) 

Material 

Properties 

Recycled 

UHMWPE 

Recycled 

HDPE 

Soil,      

10 CBR 

Soil,      

20 CBR 

Soil,      

30 CBR 

Soil,      

40 CBR 

Soil,      

60 CBR 

Young’s Modulus, 

E (MPa) 
700 850 76.9 119.9 155.4 186.8 242.2 

Poisson’s Ratio,   

ν 
0.38 0.38 0.3 0.3 0.3 0.3 0.3 

Shear Modulus,  

G (MPa) 
253.6 308.0 53.8 83.9 108.8 130.7 169.5 

Yield Strength 

(MPa) 
20 24 - - - - - 

Density, ρ  

(kg/m
3
) 

950 960 - - - - - 
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Figure 3 – Mesh Plots TuffTrak® (Left) and EuroMat® (Right) 

Loading is shown in pink, symmetry is shown in green 

4 RESULTS 

Finite Element Analysis was used to determine the values of stress and deflection under a 

total load of 50kN (5 tonnef), i.e. 50kN on a single contact area and 25kN on each contact 

area in the double loading scenarios.  As the materials are assumed not to have yielded, linear 

material properties allow the stresses from the analysis to be scaled to give stresses and 

deflections associated with loads of 100, 150, 200 and 250kN (10, 15, 20 and 25 tonnef 

respectively).  

The ͚Yield “ĐaliŶg FaĐtoƌ͛ ǁas ĐalĐulated as the Ǉield stƌeŶgth of the ŵat diǀided ďǇ the load 

conditions This factor can then be used to determine the load capacity of the mat and its 

deflection at yield. 

All figures are stress distributions for 5 tonnes on CBR 10 soil, and can be taken as typical for 

each load case. The plotted deflected shapes are exaggerated for clarity by a factor which 

varies and is shown in each figure. 
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TuffTrak® - Single Eurocode Contact 

 

 

Table 2.1 showing peak stresses and displacements associated with loading a TuffTrak® mat with a single Eurocode contact area 

Figure 4.1 showing deflected shape 
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TuffTrak® - Double Eurocode Contact 

 

 

Table 2.2 showing peak stresses and displacements associated with loading a TuffTrak® mat with two Eurocode contact areas 

Figure 4.2 showing deflected shape 
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TuffTrak® - Single US Contact 

 

 

Table 2.3 showing peak stresses and displacements associated with loading a TuffTrak® mat with a single US contact area 

Figure 4.3 showing deflected shape 
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TuffTrak® - Double US Contact  

 

 

Table 2.4 showing peak stresses and displacements associated with loading a TuffTrak® mat with two US contact areas 

Figure 4.4 showing deflected shape 



 

Report 3588/26 Issue III                                                                        10                                                                                09 January 2015 

 

 

EuroMat ® - Single Eurocode Contact 

 

 

Table 2.5 showing peak stresses and displacements associated with loading a EuroMat® with a single Eurocode contact area 

Figure 4.5 showing deflected shape 
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EuroMat® - Double Eurocode Contact 

 

 

Table 2.6 showing peak stresses and displacements associated with loading a EuroMat® with two Eurocode contact areas 

Figure 4.6 showing deflected shape 
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EuroMat® - Single US Contact 

 

 

Table 2.7 showing peak stresses and displacements associated with loading a EuroMat® with a single US contact area 

Figure 4.7 showing deflected shape 
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EuroMat® - Double US Contact 

 

Table 2.8 showing peak stresses and displacements associated with loading a EuroMat® with two US contact areas 

Figure 4.8 showing deflected shape 
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5 DISCUSSION 

All of the material properties given in Table 1 are properties at ambient temperature.  At 

temperatures below 0
o
C, the surface of the ground will freeze and result in a higher CBR

value, which is favourable.  The results provided are therefore only indicative of loading on 

the specified soils at ambient temperature. 

Different temperatures affect the mats considerably. Figure 5 shows that UHMWPE is 

approximately twice as stiff at -30
o
C as 23

o
C, increasing the effect of any non-uniformity in

the soil as the mat cannot conform as easily.  

Figure 5 – Stress vs. strain at various temperatures of UHMWPE (Reference 9)

If the supporting soil has significant undulations when it freezes, a scenario could arise 

where the mat has barely any support from the soil, and therefore the load could induce 

stresses within the mat greater than its yield strength. An illustration of this is given in 

Figure 6. 
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Figure 6.1 – Mat is placed on soil at ambient temperature

Figure 6.2 – Soil and mat deform under tyre load

Figure 6.3 – On unloading, a permanent deformation is left in the soil
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Figure 6.4 – At much lower temperatures, the ground no longer deforms when the load is reapplied.

The mat experiences much higher stresses 

6  CONCLUSIONS 

A series of analyses have been performed to evaluate the load capacities and deflections of 

)igŵa GƌouŶd “olutioŶs͛ TuffTrak® and EuroMat® products on a variety of contact areas,

number of contact areas and soils of different bearing capacities. 

The results show: 

 The higher the CBR value of the soil, the higher the load capacity of the mat. This is

because more of the stress is absorbed by the stiffness of the soil.

 Stiffer soils (higher CBR values) lead to lower deflections in the mats.

 US contact areas give higher stresses than Eurocode contact areas, in part because

of the smaller contact areas.

 When the load is spread across two contact areas, the stresses are lower. However,

as the contact areas are closer to the edges of the mat, the stresses are reduced to

52-66% of the typical value present with a single contact area rather than 50%, as

might be expected. 
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