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1 Introduction 

Eclipse Soils Pty Ltd was established in 2008 with the objective of producing water saving soil and 
mulch products, manufactured from materials recycled from the solid waste and green waste streams 
and supplying to the land development and landscaping industries. Eclipse Soils operates from their 
Abercrombie Road Resource Recovery Centre in Kwinana. The facility accommodates both the Eclipse 
Soils and Eclipse Resources operations. 

They produce several products including: 

1. Long lasting mulches of various grades for water retention 

2. Soil products aimed at the horticultural industry and commercial landscaping industry 

3. Filter media designed to capture nutrients from storm water  

4. Tree planting soils 

One of the products in the tree planting category is Structural Soil, a soil composed of large sized 
granite aggregates normally associated with rail ballast and recycled soil with sandy loam texture with 
added nutrients. (Aquamore Soil Blend) This product is specifically designed to provide a high strength 
growing medium suitable for large street trees, while providing an engineered surface suitable for a 
subgrade under road pavements.  The product is designed to: 

1. Provide a high strength growing medium suitable for large street trees. 

2. Provide a high quality engineering soil suitable for use under road pavements. 

3. Allow for a full canopy development. 

4. Resist ground heaving. 

5. Not restrict root growth. 

Talis consultants has been engaged to test the veracity of the second claim, that the Structural Soil  is 
a suitable material for use under road pavements. 
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2 Structural soil manufacture 

The Structural Soil is manufactured from a mix of railway ballast and sandy loam textured soil  with 
additional nutrients designed to allow tree root growth.  The railway ballast specification generally 
applied is shown in Table 2-1.  Other properties are determined by the aggregate class, the lowest 
class is designated for loading less than 1 million tonnes per year (Class L) 

Table 2-1:  Specification for railway ballast 

Particle size distribution 

Sieve Size (mm) % passing by mass 

63 100 

53 85-100 

37.5 20-65 

26.5 0-20 

19 0-5 

13.2 0-2 

4.75 0-1 

0.075 0-1 

Other properties 

Property Limits 

Bulk Density 1.66 t/m³ 

Specific Gravity of Rock 2.6 

Particles Misshapen 
(largest D/smallest d >2) 

<30% 

Crushed Particles 
(minimum 2 crushed faces) 

>75% 

Aggregate Crushing Value (Class 
L) 

<40% 

Wet Attrition Value 
(Class L) 

<12% 

Wet Strength 
(Class L) 

>110 kN 

Wet/Dry Strength Variation (Class 
L) 

<40% 

Los Angeles Abrasion 
(Class L) 

<40% 

Whilst these values have little application when the ballast is used as a structural fill, they do give a 
guide to the standards of manufacture applicable to rail ballast. 

One of the most demanding applications for crushed aggregate is railway ballast. This product serves 
as a bed for railroad tracks and provides track stability, drainage, and distribution of the significant 
loads carried by locomotive engines and railcars into the ground beneath.  Rail ballast must interlock 
to provide this load transfer and track stability. 
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Similar to Stone Mastic Asphalt, railway ballast relies on stone-to-stone contact with high surface 
friction transferring loads to the underlying layers. 

Aquamor Soil Blend is added to the ballast at a blend ratio of approximately 70% ballast to 30% 
Aquamor Soil Blend.  

The typical particle size distribution of this Aquamore Soil Blends shown in Table 2-2 

Table 2-2:  Particle size distribution of Aquamor Soil Blend 

Sieve Size (mm) % passing by mass 

19 100 

9.5 98 

4.75 89 

2.36 82 

1.18 81 

0.6 68 

0.425 50 

0.3 30 

0.15 15 

0.075 12 

As can be seen, this is a sand blend with a higher than normal fines content, but not excessive.  The 
percentage of organics at approximately 6% by mass as shown in the sample analysis in Appendix A. 

When used under a road, the organic content will degrade over time resulting in a loss of volume.  
However, in this case, tree roots will be replacing the volume by a greater extent than resulting from 
organic decay. 

Of greater note is that the density of the source rock is 2.6 t/m³ and the bulk density of the crushed 
aggregate 1.66 t/m³.  Based on these ratios, the anticipated voids in the aggregate is in the order of 
36%, indicating that the sand fraction does not fill all of the voids.  This would imply that structural 
response is provided by stone on stone contact. 
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3 Testing for Structural Capacity 

In order to test for structural capacity of the material, a trial pad was constructed in the Abercrombie 
Road site of Eclipse Soils. Due to the large aggregate size, conventional CBR testing was not feasible, 
and aggregates were too large for Triaxial Testing.  

As such, it was decided to construct a test pad, and undertake Falling Weight Deflectometer (FWD) 
testing on the completed pavement.  This would allow back calculation of the layer modulus and 
determine an effective CBR of the material. 

 Test pad construction 

The test pad was constructed on 17/06/2021. The recommended layer thickness for the Structural Fill 
is 700 mm to 900 mm thickness. Three layers of 250 mm compacted thickness were targeted. 

As conventional Nuclear Density Testing is not applicable to this material, 300 mm layers were laid out 
and compacted with a 11 tonne vibratory roller, and a Nuclear Density Meter in back scatter mode 
was used to assess the density of the layer after each pass or number of passes until a constant reading 
was found. 

For the first layer when no further increase in density was recorded, this was taken as 100% maximum 
density, and the layer was decompacted and recompacted with the number of passes required to 
reach 95% of the maximum density. 

For the next two layers, the material was spread 300 mm thick loose, and given the same number of 
passes to an assumed relative density of 95%. 

On completion, a 150 mm layer of limestone was placed and compacted over the test pad, in order to 
provide a suitable surface for the FWD to undertake deflection testing. 
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4 Passes vs density 

In order to determine the compactibility of the material, a layer 300 mm uncompacted loose thickness 
was placed and rolled with an 11 tonne vibratory roller.  The results are shown in Table 4-1.  It should 
be noted that the density count is reversed, that is a lower value indicates higher density. The 
compaction data was plotted as shown in  Figure 4-1. 

Table 4-1:  Compaction trial 

No 
Passes 

Test  Density Count 
Average 
Density Count 

2 

1 703 

717.25 2 709 

3 763 

4 694 

4 

1 677 

693.5 2 690 

3 695 

4 712 

8 

1 635 

641.5 2 624 

3 652 

4 655 

12 

1 586 

575.25 2 592 

3 557 

4 566 

16 

1 591 

592 
2 605 

3 615 

4 557 

 

Figure 4-1: Plot of compaction trial data  
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Based on the compaction trials, the maximum density was achieved after 12 passes of the 11 tonne 
roller.  As subgrade compaction levels are typically at 95% of MDD, the number of passes determined 
to ensure that 95% of MDD is achieved is 10 passes of an 11 tone vibratory roller for lifts of 250 mm 
compacted thickness. 
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5 FWD testing and back analysis 

On completion of the three layers, levels were taken to determine the total layer thickness.  The mean 
thickness of the layer was 750 mm, with a 150 mm layer of limestone placed over the compacted fill. 

The limestone was compacted to enable FWD testing on a stable surface, but as the back analysis is 
independent of compaction standards, the density of the layer is not critical. However, the 
Characteristic Density Ratio was 94.2%. 

FWD testing was undertaken on 16/08/2021 by STATS.  A total of 24 drops were undertaken on the 
test pad, 12 at 566 kPa target drop load and 12 at 700 kPa target drop load. 

The results for each of the 150 mm layer limestone, the three 250 mm layers of structural fill and 
existing subgrade are shown in Table 5-1 and Table 5-2 for 566 kPa drop pressure and 700 kPa drop 
pressure respectively.  

Table 5-1: Back analysis results at 566 kPa 

Statistic 

Calculated Layer Moduli (MPa) 

150 
limestone 

250 structural 
fill 

250 structural 
fill 

250 structural 
fill 

Existing 
subgrade 

Average 209 163 483 889 534 

Standard deviation 68 29 262 178 69 

95th percentile 148 125 246 537 462 

Table 5-2: Back analysis results at 700 kPa 

Statistic 

Calculated Layer Moduli (MPa) 

150 
limestone 

250 structural 
fill 

250 structural 
fill 

250 structural 
fill 

Existing 
subgrade 

Average 183 261 771 991 606 

Standard deviation 76 247 244 28 101 

95th percentile 106 141 432 982 523 

The CBR of subgrade layers is taken for design purposes at 1/10th of the layer modulus.  The estimated 
CBR for the upper layer is 12%, the second layer is 25% and the lower layer is 54%.  The difference 
between these values is a result of overburden pressure.   

In a CBR test, each layer is subjected to a surcharge according to the depth in the pavement and is 
calculated from the layer density and thickness of materials above.  In this case, the limestone density 
is approximately 1.9 t/m³, and the density of the structural fill is approximately 2.3 t/m³.  

The overburden pressures of each layer of structural fill are: 

6. Layer 1: 285 kg/m² Equivalent CBR test surcharge = 5.0 kg 

7. Layer 2: 860 kg/m³ Equivalent CBR test surcharge = 15.2 kg 

8. Layer 3: 1435 kg/m³ Equivalent CBR test surcharge = 25.3 kg 
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Austroads adopts modulus (MPa)/10 as an approximation of CBR which implies the upper 250 mm 
layer returns a CBR value of 12%, the middle layer a CBR of 24% and the lower layer a CBR of 54%. 

Razouki and Al-Shefi (2002)1 developed the relationship: 

𝐶𝐵𝑅𝐿
𝐶𝐵𝑅45
⁄ = 0.00494𝑆 + 0.78 

  Where:   CBRL  = CBR at surcharge Load L 
    CBR45  = CBR at surcharge 44.5 N 
    S  = Surcharge Load (N)  

Applying this, the CBR45 value would be 11.6%, and applying this to the effective surcharge on lower 
layers, if the CBR of the upper layer is determinate, then the lower layers by Razouki and Al-Shefi 
would be 17.8% and 23.5%. 

Therefore, it is likely that the lower layers further densified under the subsequent rolling patterns 
from the rolling of upper layers.  This is not surprising, as the confinement and vibrations when 
compacting upper layers could densify the lower layers. 

Based on this assumption, the upper layer is considered to be a more accurate representation of the 
CBR of the structural fill. 
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6 Conclusion 

The Structural Soil mix as produced by Eclipse Soils, is comprised of railway ballast material which 
provides the structure for load distribution by stone on stone contact.  The voids are partially filled 
with a soil blend of mostly sand sized material with some nutrients and organic matter to encourage 
tree root growth in a layer deeper under the pavement. 

The aim is to provide a medium for full root development and tree establishment and encourage roots 
to penetrate deeper under the pavement so that upheaval from tree roots is either eliminated or a 
much lower risk. 

The material is suitable as a subgrade material under road pavements.  Testing for CBR is not feasible 
using conventional methods due to the larger aggregate size, but construction of a test pad indicates 
that at 95% of the maximum achievable density, a CBR value of 10% would be safe for design purposes 
when designed in accordance with the empirical method of Austroads Guide to Pavement Technology 
Part 2 Structural Design, or assigned a modulus of 100 MPa when using the mechanistic method.  

Based on roller trials, the recommended preparation is compaction in 300 mm loose layers allowing 
settlement under rolling to 250 mm using 10 passes of an 11 tonne self propelled smooth drum roller.  
The testing could not accommodate a large number of different mass rollers, but for smaller areas, a 
large plate compactor with a compactive force of 40 kN and compacted in layers of 150 mm is 
recommended.  Levels should be monitored until stable height is achieved. 
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