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ABSTRACT
Traditional binders used for pavement base and subbase stabilisation in New South Wales are
cementitious and lime. Foamed Bitumen Stabilisation (FBS) uses bitumen and lime to mix with the
granular material. The process of foaming bitumen is achieved through the injection of water and
compressed air into hot bitumen, converting the water into steam. This results in the expansion of the
bitumen. The foamed bitumen is then incorporated into the granular material, creating a binding
adhesive. The process of stabilising existing pavements with bitumen was introduced in NSW in the
1970s. However, the method did not get used widely due to the patent applied to the process. The
patent expired in the late 1990s and the process become more widely used. This study contains the
results of an investigation on the topic, particularly to clarify the effect of pavement soil temperatures
on the compaction of a foamed bitumen stabilised material. The recommendations of Specification
R76, Clause 6.3 states that the minimum pavement temperature before stabilisation should be 15°C.
Areas of NSW such as Cooma receive three to four months a year with maximum temperatures below
this, restricting the use of FBS. Therefore, ten samples were exposed to a range of temperature
conditions before being mixed with foamed bitumen in laboratory, to investigate the effect of
temperature on effective compaction.
Keywords: Stabilisation, Foamed bitumen, Pavement base, Pavement subbase, Pavement subgrade,
Soil temperature
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INTRODUCTION
In NSW, the traditional binders for pavement stabilisation are cementitious or lime. Foamed bitumen is
p r o g r e s s i v e l y b e i n g u s e d i n N S W . The following study will focus on the findings of an
investigation, particularly the influence of pavement material temperature on effective compaction.
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FOAMED BITUMEN STABILISATION PROCESS

The process of foaming bitumen is achieved through the injection of water and air into hot bitumen.
The bitumen is kept at a temperature of around 160°C to 190°C so that the heat can be transferred to
the water, converting it into steam. This steam becomes encapsulated in the bitumen expanding it 1520 times its original volume, forming a fine mist or foam. The foamed bitumen is then sprayed into a
mixing drum containing the pavement material. The bitumen droplets are attracted to the material,
coating the finer particles. The bitumen then condenses creating an adhesive that binds the material.
Current practice requires the addition of lime into the soil before stabilisation.
2.1

Foamed Bitumen Stabilisation in NSW

The process was introduced in Australia by Mobil in the 1960‟s and was accepted by the
Department of Main Roads (DMR) NSW in the 1970‟s. They then undertook trials at Hay,
Walgett and Sydney of which all three were not successful (Department of Main Roads, NSW,
1976 & 1977). As a result the process was not picked up by the RTA (formerly the DMR) until
the late 1990‟s after the patent had elapsed.
In 2003, the RTA produced a best practice guide covering insitu foamed bitumen stabilisation.
Subsequently to this, a trial was conducted and monitored to assess the recommendations of
the guide (Vorobieff & Preston, 2004). There were no problems experienced during the trial
aside from flushing of the seal as a result of an incorrect bitumen application rate. The most
recent version of the RTA best practice guide is currently being updated. The function of the
guide is to provide an outline of the foamed bitumen stabilisation process with general

information on characteristics of foamed bitumen, assessment of material, mix design, pavement
design and construction process (Roads and Traffic Authority, 2003)
Table 1 lists the most recently stabilised pavement constructions using the foamed bitumen
process within NSW.
TABLE 1 Recent FBS Applications in NSW
Location

Date

Depth

Foamed
Bitumen
(%)

Lime
(%)

St Andrews

Apr-06

200mm

3.5

1.5

Glenfield

May-06

250mm

3.5

1.5

Rooty Hill

May-08

250mm

3.5

1.5

Narooma

Apr-09

200mm

3

1

Moss Vale

Apr-09

200mm

3.5

2

Picton

Apr-09

250mm

2.5

2

Razorback

May-09

250mm

3

2

Eumungerie

Jun-09

200mm

3

1

Cullendulla

Oct-09

250mm

3.5

1.5

Cooma

Mar-10

200mm

3.5

1

Mulbring

Jun-10

320mm

3.5

1.5

Kogarah

Mar-11

200mm

3.5

1.5

The average depth of stabilised pavement from Table 1 is approximately 230 mm. Although the
current stabilisers/reclaimers can mix up to depth of 400mm, effective compaction of deep layers is
an issue. It can also be seen that the average percentage of bitumen added is a little over 3% with
around 1.5% of lime. This is due to the current RTA Specification R76 (2010) stating that a minimum
of 1% lime and 2% bitumen by dry mass of the material must be added.
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EFFECT OF
STABILISATION

INSITU

(THE

AMBIENT)

TEMPERATURE

ON

FOAMED

BITUMEN

As it mentioned previously, effect of temperature on the compaction effort of an FSB material was
investigated. For that reason 10 soil samples were prepared and compacted at different temperatures.
Compaction was achieved by the means of a Gyratory Compactor (GTM) under 750 kPa vertical stress
at an angle of 1.5º for 30 revolutions. One sample was discarded from the study as it was decided not
representative. Temperature readings of the soil were taken just before mixing with the bitumen, as
well as before the compaction of mixed sample. As the hot bitumen is sprayed onto the soil, the heat is
transferred. It was found that a higher heat transfer occurs between the cooler soils (-2 to -8°C) and the
bitumen is not able to remain at a high temperature/lower viscosity during compaction. This may have
an effect on the compressibility and subsequent strength of the material. Temperature rise after soil
and bitumen mix occur if the insitu temperature on the day of mixing was higher than the soil
temperature after mixing. However, this would not be the case during winter in the regional areas of
NSW. Therefore it was decided that 2 samples were mixed with bitumen and then placed back into a
5°C fridge before compaction.
Effect of compaction temperature on various properties of material is given in Figure 1, Figure 2, Figure
3, Figure 4, Figure 5 and Figure 6, respectively. The trend line shown in Figure 1 depicts the possible

tendency of the mixed soil to become harder to compact at lower temperatures. The samples mixed at
<10°C give an average result whereas the samples mixed >15°C are denser. As it shown in Figure 1,
two samples compacted at lower temperatures have low dry density, namely lower compaction
temperature has had a significant effect on the dry density. This can also be seen in terms of
percentage of compaction achieved in Figure 2.

Fıgure 1 Dry Density Of The Samples At Compaction Temperatures

Figur
e 2 % Compaction vs Compaction Temperature
The relationship between the initial resilient modulus and mixing temperature is given in Figure 3. This
reading was taken during the compaction process by the GTM. It is noted that the GTM is only a
research tool and not used by RMS for project based investigations. The figure shows that samples
compacted below 15°C has lower modulus than that compacted above. It should be noted that the
samples placed back into the 5°C fridge before compaction is not included in the figure. Besides, two
more samples were also removed due to inaccurate results. For that reason, a comparison between
the initial resilient modulus and compaction temperature is presented in Figure 4. It can be seen that
there is a correlation between the compaction temperature and the modulus. This clearly shows that
the lower temperature could result in lower initial strength of compacted soil. However, the compacted
sample can continue to increase its strength over time. Therefore, the wet and dry resilient modulus
required to be analysed to observe if there is an improvement in strength.

Figure 3 Initial Resilient Modulus versus Insitu Pavement Temperatures (Before Mixing)

Figure 4 Initial Resilient Modulus at Compaction Temperature
The relationship between the compaction temperature and the resilient modulus obtained from the
indirect tensile test (IDT) is shown in Figure 5. It can be seen that there is a correlation between
temperature and strength. However, one sample end up with significantly low value of strength. On
inspection it appeared that segregation and loss of fines had occurred in the sample. Furthermore, the
samples then underwent the wet modulus test (Figure 6) which resulted in similar trend shown in
Figure 5.

Figure 5 Dry Resilient Modulus vs. Compaction Temperature

Figure 6 Wet Resilient Modulus vs. Compaction Temperature
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CONCLUSION

The aim of this experimental research was to investigate the effect of insitu (application) temperature
on foamed bitumen stabilisation. It is also hoped that the study can be a source of information to
those who have not yet had any experience in this regard. The following conclusions were drawn:


During the testing process, measures were taken to ensure that a degree of accuracy was
achieved. However, due to the one off nature of the testing it would be difficult to be
reproduced accurately by another. Although the testing can be repeated under the same
circumstances with an accurate result, it could not be directly compared to any samples
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tested under different procedures. However, the trends of these results can be compared to
any further testing done under the same conditions.
It was found that a lower pre-mixing temperature of the soil had a direct effect on the
temperature after it was mixed. This was not a surprise as the heat of the bitumen would
dissipate into the cold soil. It was also found that the soil was less compactable at these
lower temperatures. Besides, the percentage of compaction achieved was also lower under
these conditions. This is concerning as the compaction of the treated soil is important in its
long term use. There may be development of premature rutting because of this.
Based on initial resilient modulus results by the GTM, lower compaction temperature had an
negative effect on the early strength of the material Also, the dry and wet resilient modulus
taken by the IDT some time after compaction was found to be substandard at lower
temperatures. As a result it was found that there is a direct correlation between compaction
temperature and the long term strength of the material.
Since bitumen is a temperature dependent material in regards to viscosity, adhesion and
cohesion, a t a lower temperature it has a higher viscosity and cohesion. Therefore its
ability to adhere to external materials is affected. It is likely that bitumen does not adhere
properly when sprayed onto cold soil. On the other hand, the difference in temperature
between a 20°C and 0°C soil is not large. It is more probable that the bitumen does not get
mixed as efficiently around the soil due to it cooling and hardening too quickly. This would
result in globules of bitumen instead of a well mixed binder. This is the most
important part of the process as the expanded bitumen needs to partially coat the finer
particles of the soil, condensing around them. As there is only around 300g of bitumen being
exposed to 7000g of soil, the thermal conductivity is quick. If it hardens too quickly the
foamed bitumen will collapse and will not be distributed effectively. This will result in the
bitumen not providing its major function to bind the material together.
The samples were tested under the „worst case‟ scenario, namely prepared without the
addition of hydrated lime. The RMS specification currently states that a minimum of 1%
lime is added during stabilisation. T he addition and mixing of lime does raise the
temperature of the soil. However, it is known that this is relative to the original insitu
temperature. So, a warmer soil results in a more effective compaction and a higher
resultant strength. In regards to temperature increase, the addition of lime would
become useless if the soil was left for a long period of time under the colder insitu
temperatures.
As the compaction temperature does have an effect on the strength of the stabilised
material, b e s t practice is being met the current standard should be upheld. However,
a number of precautions should also be considered such as to work in summer period,
postpone the application to a warmer day and start compaction as soon as possible if
the soil temperature is below 15°C.
From the findings of this investigation it is recommended that a requirement be placed
into the R76 specification for the measurement of temperature when preparing samples for
mix design testing. The requirement can potentially list a pre-mixing temperature of 22-27°C
to gain some consistency in the results received in the future. This temperature mimics a
typical room temperature experienced in a laboratory.
Finally, to ensure that best practice is being met the current standard should be upheld; „R76
states that “Stabilisation is not to be carried out when the pavement temperature prior to the
commencement of work and measured at a depth of 50 mm below the surface of the road is
below 15ºC”.
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