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[bookmark: _Toc504652436][bookmark: _Toc513545717]Preface
This test method was prepared by the Bituminous Surfacings Working Group (BSWG) on behalf of the Austroads Pavement Task Force (PTF).  Representatives of Austroads, the Australian Road Research Board (ARRB) and the Australian Asphalt Pavement Association (AAPA) have been involved in the development and review of this test method.
[bookmark: _Toc479850786][bookmark: _Toc504652437][bookmark: _Toc513545718]Principle
Samples of bituminous slurry are prepared.  During the curing of samples, torque resistance is measured on the samples at certain periods to estimate how long it would take before the material develops sufficient cohesive strength.  This is defined as ‘set’ (i.e. the material will not soften or separate in rain) and ‘cure’ (i.e. the material is trafficable under controlled conditions).
[bookmark: _Toc504652438][bookmark: _Toc513545719]Scope
This test method sets out the method for the determination of the setting and curing characteristics of a bituminous slurry as a function of the cohesive strength developed in the mixture with time.
[bookmark: _Toc504652439][bookmark: _Toc513545720]Further Development
There are no further plans for the development of this test method.
[bookmark: _Toc487639698][bookmark: _Toc504652440][bookmark: _Toc513545721]Safety Disclaimer
Warning: The use of this Austroads test method may involve hazardous materials, operations and equipment.  This Austroads test method does not purport to address the safety requirements associated with its use.  It is the responsibility of the user of this Austroads test method to establish appropriate work health and safety practices and determine the applicability of regulatory limitations prior to use.
[bookmark: _Toc504652441][bookmark: _Toc513545722]References
The following documents are referred to in this method:
	Austroads Test Method

	AGPT/T270
	Determination of Optimum Amount of Added Water for Bituminous Slurry (Consistency Test).

	ASTM Standard

	ASTM D3910-15
	Standard practices for design, testing, and construction of slurry seal.

	International Slurry Surfacing Association

	ISSA TB139-2017
	Test method to determine set and cure development for slurry surfacing systems by cohesion tester.


[bookmark: _Toc504652442][bookmark: _Toc513545723]Definitions
‘Set’ is deemed to have occurred when a measured torque level of 1.2 N.m is attained.  It is associated with the following characteristics:
bituminous slurry mixture cannot be remixed
an emulsion has coalesced and is not available to lubricate the mixture
an absorptive paper towel is not stained when depressed lightly onto the surface of the mixture
no free emulsion may be diluted and washed away from the mixture with water.
‘Cure’ is deemed to have occurred when a torque level of 2.0 N.m is attained, indicating that the material is trafficable under controlled conditions.
[bookmark: _Toc504652443][bookmark: _Toc513545724]Equipment
The following apparatus is required:
1. Cohesion tester that consists of the following parts:
double rod end air cylinder
60 durometer hardness neoprene rubber foot, 6.0–6.6 mm thick and 27-30 mm in diameter
air pressure regulator with a variable downstream bleed valve so that constant pressure is maintained
four-way direction control valve with exhaust port regulating valves
700 kPa air supply and air pressure gauge with a 0 to 700 kPa range
torque meter capable of measuring and recording up to 3.5 N.m torque with a limit of performance not exceeding ± 0.05 N.m.
Note: Any similar device is acceptable provided that it can apply a force of 128.5 N to the rubber foot; i.e. the pressure exerted on the test sample is 200 kPa.  A device that has main components as illustrated in Figure 1 and Figure 2 of ASTM D3910-15, which satisfy the mechanical and operational requirements of Clause 5.1 of ISSA TB139-2017 has been found to be suitable.
Spatula or other mixing utensil suitably sized for mixing container.
Suitable mixing container of approximately 100 mL capacity.  Standard-size plastic drinking cups have been found to be suitable.
Specimen mounting pads approximately 100 mm square, comprising bitumen impregnated roofing felt or other suitable non-absorptive material.
Moulds, 6 mm deep  60 mm diameter, 10 mm deep  60 mm diameter and 15 mm deep  60 mm diameter.
4.75 mm, 6.70 mm, 9.50 mm and 13.20 mm sieves.
Balance of sufficient capacity (2 kg or greater) with a limit of performance not exceeding ± 0.1 g.
Suitable spatula, e.g. a 25 to 30 mm long putty knife, for cleaning the neoprene foot of the cohesion tester.
240 grit silicon carbide sandpaper.
100 grit silicon carbide sandpaper.
[bookmark: _Toc504652444][bookmark: _Toc513545725]Calibration and Validation
[bookmark: _Ref479848391][bookmark: _Ref497474478][bookmark: _Toc504652445][bookmark: _Toc513545726]Conditioning of Cohesion Tester for Torque Measurement
Condition the cohesion tester and its torque meter as follows:
1. Centre then secure the 240 grit sandpaper under the rubber foot of the cohesion tester.  Set the air pressure of the instrument at 200 kPa and lower the foot onto the sandpaper.
Zero the torque meter of the instrument and twist the torque handle with a smooth, firm, horizontal motion through a 90 ° to 120 ° arc in 0.5 to 0.7 seconds.  Record the reading of the torque meter.  Continue to make measurements, each on a new area of sandpaper, until 10 consecutive tests read within 0.05 N.m of their average.  Any loose particles of rubber foot must be brushed away before each test.
[bookmark: _Toc504652446][bookmark: _Toc513545727]Verification
[bookmark: _Hlk511650751]Centre then secure the 100 grit sandpaper in the torque meter test apparatus.  Conduct a single test, applying and measuring the torque in accordance with the testing conditions described in Section 9.1, and record the torque in N.m.  The value must exceed 2.6 N.m.  If this value is not exceeded then the rubber foot should be replaced.
[bookmark: _Ref497734208][bookmark: _Toc504652447][bookmark: _Toc513545728]Torque Correction
The torque test should also be carried out in the absence of torque on the rubber foot to determine the inherent system torque which should be used to correct actual test readings.  This may be conducted by centring a ball bearing under the test foot (the ball bearing may be secured inside a suitable sized washer) and running the test as usual.
[bookmark: _Ref479849989][bookmark: _Toc504652448][bookmark: _Toc513545729]Procedure
The procedure shall be as follows:
1. Dry the aggregate in accordance with AGPT/T270 and obtain sub-samples by splitting or quartering.  Sieve the aggregate as appropriate to the size as recommended below.  Discard the portion retained on the relevant sieve.
size 4 and size 5 aggregates should be screened on the 6.70 mm sieve size whilst the size 7 aggregate should be screened on the 9.50 mm sieve
size 10 aggregate should be screened on the 13.20 mm sieve prior to mix preparation.
Calculate the quantities of filler, additives (if required), water and bituminous emulsion to be added to a sub‑sample of aggregate (typically 100 g).
Place the weighed sub-sample of aggregate and the filler into the mixing container.  Using the spatula, stir‑dry the mix in a circular motion at 60–70 rpm for 10 seconds or until the materials are uniformly distributed.
Weigh the required amount of water and additive (if required) directly into the mixture and stir using the spatula in a circular motion at 60–70 rpm for 20 seconds or until all the aggregate particles are uniformly wetted.
Weigh the required amount of bituminous emulsion directly into the wetted aggregate and stir using the spatula in a circular motion at 60–70 rpm for 30 seconds.
Note: If excessive foaming of bitumen emulsion is likely, mix slowly for the first 15 seconds then increase the mixing rate for the remaining 15 seconds.
With the specimen moulds centred on their respective mounting pads, immediately pour the slurry mixture into each of the moulds of appropriate size as specified below:
6 mm (for sizes 4 and 5 mixes)
10 mm (for size 7 mix), or
15 mm (for size 10 mix).
Screed the slurry mixture to the top of the moulds with a minimum of manipulation (excessive working may contribute to segregation).  Discard excess material.  Ensure that each specimen is uniform and its top surface is horizontal and parallel with its base.
When the specimens have sufficiently cured (usually 2 to 5 minutes) remove the moulds, taking care not to disturb the specimens in the process.
Measure the torque on unconfined specimens at suitable intervals, typically at 30 and 60 minutes, and possibly at 120 minutes after casting.  A new specimen is required for each measurement.  The procedure is as follows:
Centre the specimen under the neoprene foot.
Set the air pressure of the instrument to 200 kPa and lower the foot onto the specimen at a rate of 80 to 100 mm/s.
After 5 to 6 seconds of compression, place the torque meter onto the top cylinder rod‑end and set to zero.
Twist the torque meter with a smooth, firm, horizontal motion through a 90 ° to 120 ° arc in 0.5 to 0.7 seconds.  Record the reading on the torque meter.  When twisting torque meter ensure no downward force is applied.
Note: If the process is automated the requirements for time and rate are still applicable.
Raise the cylinder and the rubber foot, and clean the bottom surface of the rubber foot by scraping with a metal spatula.
Inspect the sample condition immediately after the test.  Record the torque value depending on the post‑test appearance as described in Table 10.1. 
[bookmark: _Ref497732016]Table 10.1:  	Torque values to be recorded as per sample condition
	Sample condition
	Description
	Torque value to be recorded

	Normal
	Multiple cracks or squashing observed in the test specimen.
	Record test value as obtained on the torque meter.

	Near spin
	[bookmark: _GoBack]One radial crack in otherwise intact specimen.
	Record test value as obtained on the torque meter or 2.0 N.m, whichever is the greater.

	Spin
	No cracks evident but some aggregate is dislodged directly under the rubber foot.
	Record test value as obtained on the torque meter or 2.3 N.m, whichever is the greater.

	Solid spin
	No damage to the specimen is evident except for minor scuff mark directly under the rubber foot with the latter skidding over the surface.
	Record test value as obtained on the torque meter or 2.6 N.m, whichever is the greater.


[bookmark: _Toc504652449][bookmark: _Toc513545730]Reporting
Report the following:
1. The cohesive strength, in N.m, to the nearest 0.1 N.m, at the chosen time intervals (typically at 30 and 60 minutes, and possibly at 120 minutes).  Result should be corrected for the zero torque condition as determined in Section 9.3.
The formulation of the bituminous slurry mixture, or, the bituminous slurry mix design.
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	Amendment No.
	Clauses amended
	Action1
	Date

	1
	Commentary page
Footer and header
Applied revised test method number 
Applied new styles
	New
Format
Format
Format
	June 2005

	2
	Preface
	Substitution
	June 2005

	3
	7(a): Replace older test method numbering with latest numbering
	Substitution
	May 2007

	4
	Applied new format
Clause 1, 2, 4, 6a, 6f,
Figures
Reference to size 3 sieves
Clause 6c, d mixing, 7iv
	Format
Substitution
Removed
Removed
New
	May 2018
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	Format
	Change in format

	Substitution
	Old clause removed and replaced with new clause

	New
	Insertion of new clause

	Removed
	Old clauses removed
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