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Foaming of bitumen permits the bitumen to be evenly distributed throughout a soil or a granular material.  It is critical for the bitumen to remain as viable foam for a period to enable it to be successfully blended into the host material.
The foaming characteristics of bitumen are defined by the expansion ratio and half-life of the bituminous foam.  The bituminous foam is produced by introducing a small amount of water into hot bitumen.
The aim is to determine the percentage of water and foaming agent (if necessary) to produce the best foam characteristics for a particular bitumen.  The amount of water will be a compromise between having as high as possible an expansion ratio with the longest half-life.
This test method was prepared by the Foamed Bitumen Stabilisation Working Group on behalf of Austroads.  Representatives of Austroads, ARRB and AustStab have been involved in the development and review of this method.
This method is an adaptation of the method described in Wirtgen Cold Recycling Technology (Wirtgen 2012).
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The following documents are referred to in this method:
	Wirtgen 2012
	Wirtgen, webpage, Wirtgen GmbH, Windhagen, Germany, viewed 3 March 2017,    < http://www.wirtgen.de/en/>.
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Foamed bitumen.  A mixture of air, water and hot bitumen.
Expansion ratio.  A measure of the viscosity of the foamed bitumen, calculated as the ratio of the maximum volume of the foam relative to the original volume of bitumen.
Half-life.  A measure of the stability of the foamed bitumen, calculated as the time taken in seconds for foamed bitumen to collapse to half its maximum volume.
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[bookmark: _Toc419709966][bookmark: _Toc419710745]The following equipment is required:
A foaming unit capable of a metered discharge of bitumen and a metered input of water (see Note 1).
A metal container to be used as a discharge container with a volume of about 20 L with a known diameter (see Note 2).
A calibrated dipstick marked at intervals indicating expansion ratios (assuming 500 g of bitumen) or a calibrated ruler that is longer than the depth of the discharge container capable of measuring the foam depth to within 5 mm.  A dipstick calibration procedure is provided in Appendix 1.
A stopwatch with a resolution not exceeding 0.1 seconds.
A thermometer or appropriate temperature device, readable and accurate to 1 °C.
An electronic balance to weigh up to 10 kg, accurate to 1 g.
Personal protective equipment including, but not limited to, heat resistant gloves, face shield, long sleeve cotton shirt, long cotton pants and enclosed protective footwear.
[bookmark: _Toc495911800]Calibration and Validation
Appendix 1 details the procedure to calibrate the dipstick.
[bookmark: _Toc419709969][bookmark: _Toc419710748][bookmark: _Toc495911801]Procedure
The expansion ratio can be determined in two ways.  It can be determined using a calibrated dipstick or by calculations based on the foam depth.
[bookmark: _Ref475008350][bookmark: _Toc495911802]Using a Dipstick
1. Record the diameter of the discharge container (D).
Clean and preheat the bitumen and foaming unit to 160 °C, maintaining this temperature for at least 5 minutes prior to the commencement of testing (see Notes 3, 4 and 5).
Clean and preheat the discharge container to about 75 °C (see Note 6).
Calibrate the discharge on the foaming unit to the manufacturer’s instructions to discharge a target mass of bitumen (see Note 7).
Set the water flow meter to the target injection rate (see Note 8).
Ensure the discharge container is drained of excess bitumen and measure the mass of the empty discharge container (m1).
If necessary add foaming additive and increase the temperature of the bitumen to the target foaming temperature (see Note 9).
Activate the foaming unit to discharge the target mass of foamed bitumen into the discharge container, record the water injection (flow) rate during foamed bitumen discharge and temperature of bitumen in the reservoir.  Start the stop watch at the end of foam discharge.
Within one second following the completion of the discharge of foamed bitumen, fully insert the dipstick vertically into the foam within the discharge container.  Estimate the maximum expansion ratio of the foam, interpolating between the flanges where necessary.  Record the maximum expansion ratio.
Reinsert the dipstick vertically into the foam and stop the stop watch when the level of the foam drops to half the maximum expansion ratio.  Record how long it takes (T) for the foam to collapse to half of the initial maximum expansion ratio (to the nearest one second).
Weigh and record the mass of the bitumen and condensed moisture in the discharge container (m2).
Repeat steps (e) to (j) at least three times.
Repeat steps (d) to (j) for two or more other water injection rates.
If necessary repeat steps (d) to (l) for other bitumen temperatures and foaming agent volumes.
[bookmark: _Toc495911803]Using a Calibrated Ruler
Follow the procedure in Section 6.1, except that steps (h) and (i) shall be undertaken using a calibrated ruler as follows:
1. Within a few seconds following the completion of the discharge of foamed bitumen, fully insert the ruler vertically into the foam within the discharge container.  Measure the initial maximum height (hi) of the foam in the discharge container and record.
Record the time it takes (T) for the foam to collapse to half the initial maximum height (hi/2) to the nearest one second.
[bookmark: _Toc419709970][bookmark: _Toc419710749][bookmark: _Toc495911804]Calculation
[bookmark: _Toc495911805]Expansion Ratio using Calibrated Dipstick
The expansion ratio can be estimated using a dipstick which is calibrated to the discharge container and discharge mass such that the dipstick is marked at intervals indicating predetermined foam expansion ratios (see Figure 7.1 where for this example, the increment in expansion ratios is five times).
[bookmark: _Ref478496737][bookmark: _Ref341712979]Figure 7.1:  	Dipstick with flanges indicating expansion ratios in increments of five times
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1. [bookmark: _GoBack]Determine the amount of bitumen discharged (see Equation 1):
	mb = m2 – m1
	[bookmark: _Ref495063325]1

	where
	
	
	

	mb
	=
	mass of bitumen discharge (g)
	

	m2
	=
	mass of discharge container and bitumen (g)
	

	m1
	=
	mass of discharge container (g)
	



The expansion ratio can be read directly off the dipstick (interpolating between the markings) (see Note 10).
Half-life is the measured value, T, in seconds.
[bookmark: _Toc495911806] Expansion Ratio using a Calibrated Ruler
1. The initial bitumen volume is calculated as follows in Equation 2:
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	where
	
	
	

	
	=
	bitumen volume before foaming (ml)
	

	m2
	=
	mass of discharge container and bitumen (g)
	

	m1
	=
	mass of discharge container (g)
	

	ρ
	=
	the density of bitumen (t/m3) at 180 °C (typically 0.94 t/m3)
	



The foamed bitumen volume is calculated as follows in Equation 3:
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	where
	
	
	

	Vf
	=
	foamed bitumen volume (ml)
	

	hi
	=
	initial depth of bitumen foam as measured using the calibrated ruler (mm)
	

	D
	=
	diameter of discharge container (mm)
	



The expansion ratio is calculated as follows in Equation 4:
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	where
	
	
	

	ER
	=
	expansion ratio (dimensionless)
	

	Vf
	=
	foamed bitumen volume (ml)
	

	Vb
	=
	bitumen volume before foaming (ml)
	



Half-life is the measured value, T, in seconds.
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The following information shall be reported:
1. date that the test was performed
1. reference to this test method
1. reference to the foaming unit used
1. reference to the dipstick used or the ruler used
1. identification of the bitumen used
1. identification of any foaming agent used and the amount added
1. temperature of the bitumen at the time of foaming
1. for each water injection rate report the following
the water injection rate during the production of foamed bitumen
the mass of bitumen and condensed moisture discharged
the three individual foam expansion ratios (to the nearest whole number)
the three individual half-lives (to the nearest second)
the average maximum foam expansion ratio (to the nearest whole number)
the average half-life (to the nearest second).
Notes:
11. A Wirtgen WLB 10 S has been found to be suitable.
11. Typically the diameter of the discharge drum will be about 250 to 300 mm.  Any larger than this and the foam volume to depth ratio will reduce the accuracy of the expansion ratio measurement.
11. If the Wirtgen laboratory plant WLB 10 S is used, it is also customary to circulate the bitumen through the system while heating.
11. The bitumen shall not be held at 160 °C (or higher) for more than four hours.  After this time the bitumen is likely to have changed in physical properties and must be discarded.
11. If a foaming additive is to be used, the total mass of bitumen placed into the foaming unit needs to be determined to allow for the calculation of the amount of foaming additive to be added.
11. The discharge container may be cleaned of excess bitumen by inverting it in a 110 °C oven for no less than 30 minutes.
11. The target mass of bitumen is typically between 500 g and 1000 g depending on the diameter of the discharge container.
11. Typically, the water injection rate will be between 2 and 4% the mass of bitumen.  It is common to commence with a water injection rate of 2% of the mass of bitumen and increase this in 0.5% increments.
11. Target bitumen foaming temperatures typically is 180 ± 5 °C.  Foaming agent volume of 0.5% by mass of bitumen has been found to be adequate for most bitumen.
The expansion ratios indicated by flanges will vary if the diameter of the discharge containers varies and if the amount of bitumen discharged is varied.
[bookmark: _Ref475008257][bookmark: _Toc495911808]Calibration of a Dipstick
Introduction
The use of a dipstick to estimate the foam expansion ratio greatly expedites the determination of the expansion ratio and the foam half-life.  The dipstick needs to be calibrated to a specific amount of bitumen discharge and to a specific size of discharge container.  The calibration will need to be repeated if a discharge container of an alternative size or diameter is used.
The expansion ratio will also vary if the amount of bitumen discharged is not the same each time.
The calibration procedure will be influenced by the ambient temperature.  For the accuracy implied in the method, the effects of temperature can be ignored.
Procedure
1. Measure the diameter of the discharge container to the nearest millimetre (D).
Measure the distance (to the nearest millimetre) from the base of the dipstick to the approximate centre of each of flanges (d1, d2…dn).
Calculate the depth that the volume of bitumen will occupy (before foaming) in the discharge container as follows in Equation A1:
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	where
	
	
	

	
	=
	bitumen depth in discharge container before foaming (mm)
	

	
	
	Note: 500 g of water (or whatever the standard mass of bitumen usually discharged) can be used in place of bitumen.
	

	
	=
	mass of bitumen (g) (typically 500 g is used but other values can be used)
	

	
	=
	diameter of the discharge container (mm)
	

	
	=
	the density of bitumen (t/m3) at 180 °C (typically 0.94 t/m3)
	



Calculate the expansion ratio implied by each of the flanges as follows in Equation A2:
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	where
	
	
	

	
	=
	the expansion ratio applicable to flange n
	

	
	=
	distance to the centre of flange n (mm)
	

	
	=
	bitumen depth in discharge container before foaming (mm)
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