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ABSTRACT

A case study was undertaken to assist Central Goldfields Shire Council, Victoria, Australia, in
assessing the success of its unsealed road stabilisation program. A section of road was treated in
2009, with different combination of additives (RT20 and Eko-Soil) and then post construction testing
was carried out in 2010 to verify the success of the trial. A set of parameters, including California
Bearing Ratio (CBR), Unconfined Compressive Strength (UCS), Maximum Dry Density (MDD), and
Optimum moisture content was tested after the setting of the additives. The results indicated that
Eko-Soil performed better than Reynolds RT-20 in treating the selected site.
Keywords: Pavement stabilization, unsealed roads, Eko-soil, RT20
1

INTRODUCTION

Stabilisation is often used to improve the engineering performance of a soil or pavement material by
mixing the material with a kind of binder, such as cement, fly ash, lime, bitumen or other chemicals. The
technique is widely adopted in Australia and many places in the world due to their significant cost and
sometimes environmental benefit when industrial by-products were used as the binder, such as fly ash.
For unsealed road, the presence of the binder can reduce the dust and the lost of granular pavement
materials.
Pavement stabilization products have developed rapidly ever since the cement stabilized pavement trials
been introduced to Melbourne in 1960. General Purpose (Normal Portland) cement and General Blended
cement or their mixture is often used for cementations binder. The thickness varies from 60mm to 100mm
of stabilized material. Pavements of this type was prone to substantial shrinkage cracking within 2 to 5
years in the cement treated base and could within the 2 to 5 years reflect through to the surface.
Alternatives were considered using 175mm asphalt over cement stabilized fine crushed rock but with 3%
cement (Muholland, 2004). The current problem is the lack of testing to see which combination of design
mix is suitable for a particular material.
The issue of reflective cracking has created uncertainty amongst engineers, who are increasingly
specifying natural base pavements or modifying conventional flexible pavement by specifying the addition
of a polymer modified bitumen binder between base course and wearing course. (Bounassif , 2004)
According to AustRoads (2010) a material with a low cohesion and low plasticity can be foam bitumen
stabilized. However the success of foam bitumen stabilisation has be hindered in the past with the
stabilized material passing on compaction testing, however failing on the strength modulus testing. In
addition it is relatively expensive and requires lots of testing in the laboratory to assess the success of the
stabilisation and can have many issues with quality control relating to this method.
A case study was undertaken to assist Central Goldfields Shire Council, Victoria, Australia, in assessing
the success of its unsealed road stabilisation program. A section of road was treated with different
combination of additives (RT20 and Eko-Soil) and then post construction testing was carried out to verify
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the success of the trial. California Bearing Ratio (CBR), Unconfined Compressive Strength (UCS),
Maximum Dry Density (MDD) and Optimum moisture content, were tested in 2010 after the setting of the
additives. Additional moisture content testing was undertaken in addition to pavement dippings to see
what effect the additives had on the pavement in terms of retaining moisture.
2

THE MATERIALS

2.1

Eko-Soil Enzyme Stabilizer

Eko-SoiI is a multiple enzyme based product fermented from organic materials. The product is
nonhazardous, non-toxic, and biodegradable. It can be used to enhance and improve soil characteristics
such as compaction, strength, workability, durability and permeability when used on gravel or crushed
rock products in the road construction industry (Tostovrsnik, 2010). Sometimes mixed with other additives
such as cement, this product appears to assist in provision of additional strength to what is otherwise a
poor subgrade or pavement base. Eko-Soil has been used in Australia for the past 10 years. However,
there is relatively little published literature available at the time of this investigation at Williams Road in
Maryborough Victoria.
The way Eko-Soil is understood to work in the context of this study is by covalent bonding between
particles (Kirstine, 2011). The instances of the success of the Eko-Soil product is dependent of the type of
material being stabilized (as determined by a Particle Size Distribution), the level of the clay content in the
material (Atterberg), the existing and optimum moisture contents of the material being stabilized, as well
as the maximum dry density. It was observed in similar pavement materials that clayey gravels stabilized
with Eko-Soil showed a CBR significantly higher than that of the raw material.
The instance in this trial is that the subgrade was a different geology across other sections investigated in
the trial. The geology influences the makeup of the subgrade which is essentially the supporting base for
the pavement. Attempts were made to factor the different geology by using variation in moisture content
as an indicator of the “sealing” capability of the product (James, 2011) i.e. the pavement thickness was
identified as 150 mm stabilised pavement, however the pavement dippings for moisture contents were
taken up to 600 mm in depth.
2.2

Reynolds RT20 Polymer Stabiliser

RT20 Soil Stabiliser is a polymer chemical manufactured by Reynolds Soil Technologies (RST). The
product enables soil and gravels to attain a much higher density and strength than could be attained in
natural materials. The product claims to be capable in treated pavement material to have the ability to be
compacted faster using less water, improving CBR strengths and increasing densities by reducing the
void spaces between the soil particles in turn reducing the waters ability to permeate through the treated
material. RT20 Soil Stabilizer compliments standard construction practices in road construction and
earthworks.
2.3

Dunolly gravel

Dunolly Gravel is supplied by a local quarry. Dunolly gravel is a well graded Clayey Gravel. Due to the
nature and remoteness of the road works taken Council is investigating possibilities to extend the life of
the quarry. Due to the high clay content Dunolly gravel is an ideal road base and compacts to densities
between 1.98 and 2.1 t/m3. The addition of additives may significantly increase the bearing capacity
(CBR) of the material to allow a thinner pavement to be used, further extending the life of the pavement,
and the quarry.
3

APPLICATION OF THE STABILISERS

The site was located at Williams Road in Carisbrook, Central Goldfields Shire Council, Victoria, Australia.
The trial section was 1200 m long and was divided into three equal sections of approximately 400 m in
length. Initially 150mm of Dunolly Gravel was placed over the existing pavement and then compacted and
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allowed to settle under normal operating conditions. After a month the stabilization machines ripped up
the surface and stabilized the 150mm of Dunolly gravel with the respective treatments on designated
sections. The Eko-Soil Section was treated at a rate of 1L per 30 m3 while the RT20 was treated at 1L
per 5.5 m3. Visual inspection (Figure 1) showed that the two treated sections were holding the material
down more consistently as opposed to the untreated section which was showing signs of moisture
ingression resulting in rutting and scouring of the road surface. The laying of the gravel treatments was
undertaken in June/July 2009 with post construction testing being undertaken in March 2010 after almost
12 months in operation.

(b) RT20 treated

(a) Eko-soil treated

(c) untreated

Figure 1: Visual appearance of the three sections.

4

LABORATORY TESTS

In order to test the performance of the three unsealed sections, samples were taken from each section for
laboratory tests after a year in exposed conditions in comparison to the soil sample supplied by the quarry,
which represent the soil at the time of construction. The laboratory tests include particle size distribution
(PSD), Atterberg limits, maximum dry density (MDD), California Bearing Ratio and Unconfined Compress
Strength.
The testing methodology follows AS1286 for all the above mentioned tests. Two samples were collected
from each section to ensure a representative sample was obtained. Samples were taken in the top
200mm to ensure that only the treated pavement layers were tested. The sampling was undertaken after
the agents applied were cured over a 12 month period under typical traffic loading prior to post
construction testing taking place.
4.1

Particle size distribution

The results are shown in Figure 2. The PSD results indicated that even though the road was tested
after 12 months exposure to the environment the grading matched the general shape of the quarry
supplied sample with the exception of RT20 stabilised soil. This is due to flooding of the road in
September of 2009. It is to be expected that there will be some washout and break down of material
but in the opinion of the authors this has been negligible.
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Figure 2: Particle size distribution of the soils

4.2

Atterberg Limits and Maximum Dry Density

The Atterberg limits of the treated and untreated soil were tested to see the effect of the additives on the
parameters. The results are shown in Table 1. It can be seen that the additives has slightly changed the
Plastic and Liquid Limits (PL and LL) of the material. The addition of RT20 almost doubled the Linear
Shrinkage of the soil, which means the addition of RT20 increased the stiffness of the material. The
change observed a year after construction is that the PI was reduced as was the liquid limit. Eko-Soil
enzyme has a stronger chemical bonding than the RT20, and thus reduces the availability of clay to react
with water during the plastic limit test. It is reasonable therefore to state that in regards to reducing the
level of clay available to interact with water has been reduced by a greater amount when using the EkoSoil than RT20. It is also observed that there was an increase in dry strength in the section treated with
Eko-Soil.
Results of RT20 stabilised soil indicate an increase in Plasticity Index (PI), which correlates to an
increasing dry strength and probably a decrease in permeability and a decreased rate of volume change.
This indicates that RT20 is better suited for unsealed road pavements, as the decrease in permeability
will result in longer exposure times to water, before ingress begins, at which point rutting can occur.
Further research is needed to confirm indefinitely that there is a significant decrease in permeability in
modified Dunolly gravel with RT20.
The test results indicate that with the addition of Eko-Soil that the Dunolly gravel is less susceptible to
water with little erosion or moisture ingress than if the Dunolly gravel had been left untreated. Both
products have however significantly reduced the existing water content in the pavement, and thus allowed
a greater buffer for interaction with water before failure is observed. It is therefore assumed in this
investigation based on the Atterberg results that both products have the ability to increase the pavement
life.
Table 1:

Physical properties of the treated and untreated soils
Atterberg Limits (%)
PI
8

LS
4.5

PL
13

LL
21

MDD
(t/m3)
2.16

OMC
(%)
6.0

10

6.5

12

22

2.16

6.6

Untreated

9

5

14

23

2.14

6.5

Quarry samples

9

3.5

15

24

2.14

5.5

Soil type
Eko-Soil
RT20
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The Optimum Water Content (OMC) and the Maximum Dry Density of the soils are also shown in Table 1.
The results showed that there was a little change with the two parameters for the treated and untreated
soil.
4.3

Unconfined Compressive Strength (UCS) and California Bearing Ratio (CBR)

The UCS and CBR tests were carried out as per requirement of AustRoads standard (AustRoads, 2010).
For UCS, 4 samples were moulded at optimum moisture content (OMC) as determined in the Standard
compaction test, and be allowed to cure for 7 days. The results are shown in Table 2.
Table 2:
Soil type

UCS and CBR values of the soils
UCS
CBR
(MPa)
(%)

Eko-Soil treated
RT20 treated

0.34

40

0.26

30

Untreated

0.28

18

Quarry samples

0.50

35

The authors suggest that the variation in CBR and UCS results of the quarry sample may be due to the
sample supplied from the quarry being taken form a different face to that used throughout the trial. It is
possible that there is some variation in quarry material and it may be difficult to obtain an accurate
representative sample. It is also possible that across the quarry there are a range of UCS strengths and a
varying composition of materials. The authors recommend additional testing on the quarry sample and
taking an average of UCS in future.
As can be seen in Table 2 that the results on the UCS and CBR values of the Eko-soil treated soil are
higher than both the untreated and RT20 treated soil after one year exposure to the weather and
traffic. And the CBR values of the treated soils are higher than the untreated soil. The higher value of
the quarry sample may due to the over compaction or of a higher quality than the majority of material
supplied on site at the time of construction. The higher UCS and the CBR results are indicative of
increased strength due to the binders. Such an increase will allow a thinner pavement reducing the
construction costs and extending the life of the Dunolly quarry. One limitation on the UCS result is that
the specimen was not inundated to model the effect of flooding on the road, however in September
2009 the RT20 section of the road was inundated and consequently failed. Thus additional testing
should be undertaken in regards to the usage of RT20 in rural road stabilisation context.
5

RECOMMENDATION

From the insitu investigation and laboratory test results, it was found that both products have the potential
to improve the strength of the Dunolly gravel used in the project. The Eko-Soil was more effective in this
particular pavement based on the ideal USC being less than 1 MPa and achieving a higher CBR than all
other sections in this trial. The authors note that the effect of the inundation of the RT20 should be
investigated further to assess its impact on the overall integrity of the pavement. It is recommended that
further testing should be carried out to test the performance of the treated soils under inundation
conditions, and detailed geotechnical tests should be done prior to the application of the additives.
6
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