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[bookmark: _Toc136329471]This verification procedure was prepared by the Asphalt Research Technical Group (ARTG) on behalf of the Austroads Pavement Task Force (PTF). Representatives from ARTG, the Australian Road Research Board and the Australian Flexible Pavement Association were involved in the development and review of this verification procedure.
[bookmark: _Toc136329472]The determination of the deformation resistance of asphalt mixes uses a wheel tracking device which consists of testing an asphalt specimen by either moving it back and forth under a static loaded rubber rimmed wheel or by moving the loaded wheel back and forth on top of the specimen. The depth of the depression left by the wheel on the asphalt specimen is monitored and the final depth reported.
[bookmark: _Toc143088785]Scope
[bookmark: _Toc419290015][bookmark: _Toc419291437][bookmark: _Toc122507659][bookmark: _Toc136329473]This document describes the procedures to verify that a wheel tracking test device complies with the requirements of those devices permitted for use in Austroads test method ATM 231. The procedures are advisory rather than mandatory and reference should be made to the relevant test method for the required specimen conformance standards.
Safety Disclaimer
Warning: The use of this Austroads test method may involve hazardous materials, operations and equipment. The method does not purport to address all of the safety problems associated with its use. It is the responsibility of the user to establish appropriate safety and health practices and determine the applicability of regulatory limitations prior to use.
[bookmark: _Toc70497268][bookmark: _Toc86401048][bookmark: _Toc122512446][bookmark: _Toc136329474][bookmark: _Toc141780138][bookmark: _Toc141780242][bookmark: _Toc143088786]References
The following documents are referred to in this method:
	Austroads Test Methods

	ATM 231
	Deformation resistance of asphalt mixtures by the wheel tracking test

	Australian Standards

	AS 1683.15.1
	Methods of test for elastomers, Method 15.1: International rubber hardness

	European Standards

	EN 12697-22
	Bituminous mixtures – Test methods – Part 22: Wheel tracking


[bookmark: _Toc70497269][bookmark: _Toc86401049][bookmark: _Toc122512447][bookmark: _Toc136329475][bookmark: _Toc141780139][bookmark: _Toc141780243][bookmark: _Toc378160529][bookmark: _Toc143088787]Apparatus
The following apparatus is required for the verification:
A calibrated wheel tracking device conforming to ATM 231 or EN 12697-22 that allows the specimen underneath the wheel or the wheel above the specimen to move back and forth.
Note: All appropriate measurement equipment on the wheel tracking device shall be calibrated and checked prior to undertaking the verification procedure. 
Timing device readable to the nearest 0.1 seconds.
Calibrated steel ruler to measure the dimensions of specimens to the nearest millimetre over the range 0 to 500 mm.
Calibrated durometer capable of measuring rubber hardness to the nearest 1 IRHD* in the range 50 to 150 IRHD (see Note 1).
Calibrated load ring (dynamometer) or load cell capable of measuring forces up to 2 kN.
Calibrated temperature measuring device capable of measuring temperatures to the nearest 0.1 °C over a range of 55 to 65 °C.
Three calibrated gauge blocks in the ranges of 3 to 7 mm, 8 to 12 mm and 13 to 17 mm and other blocks as required to cover the working range of the depression measuring device. The true thickness of the gauge blocks shall be known to the nearest 0.05 mm.
Metal rods with a diameter between 2 to 3 mm and a length greater than 75 mm.
[bookmark: _Toc70497270][bookmark: _Toc86401050][bookmark: _Toc122512448][bookmark: _Toc136329476][bookmark: _Toc141780140][bookmark: _Toc141780244][bookmark: _Toc143088788]Pre-Validation
Ensure that the specimen table is clean and that the wheel has all asphalt removed from the circumference. Make sure any cabling is securely fixed so as not to interfere with the apparatus. Any routine maintenance tasks should be performed before validation.
[bookmark: _Toc70497271][bookmark: _Toc86401051][bookmark: _Toc122512449][bookmark: _Toc136329477][bookmark: _Toc141780141][bookmark: _Toc141780245][bookmark: _Toc143088789]Procedure
Those wheel tracking devices that apply the load to the test specimen using a lever principle will need to ensure that the lever arm is maintained in a level position during all verification procedures where the procedures call for the loaded wheel to be lowered.
Where automatic recording equipment continuously monitors either the number of passes, load, displacement transducer output or temperature, additional readings can be taken from the minimum readings outlined in the following procedures.
Where the test outputs are processed from automatic recording equipment, it is the processed information which must be checked against actual values.
Several of the processes detailed in this validation procedure can be undertaken by a NATA certified organisation. The calibrations undertaken by those organisations are also considered appropriate to verify a wheel tracking device.
Participation in quality assurance activities is also recommended to provide supporting evidence of verification of a wheel tracking device. 
[bookmark: _Toc86401052][bookmark: _Toc122512450][bookmark: _Toc136329478][bookmark: _Toc141780142][bookmark: _Toc141780246][bookmark: _Toc143088790]Loaded Wheel
Tread hardness: Push the durometer against the wheel surface following AS 1683.15.1 at a minimum of eight sites evenly spaced around the circumference and record the resultant average hardness value. The hardness of the wheel must be within 80 ± 10 IRHD (see Note 1). If outside this range, the wheel must be discarded.
Size: Measure the wheel diameter and width at four evenly spaced positions and record the average diameter and width values to the nearest millimetre. The diameter of the wheel must be within 200 to 205 mm. The width of the wheel must be within 50 ± 1 mm (see Note 2).
Tread thickness: Measure the thickness of the rubber tread at four evenly spaced positions and record the average thickness to the nearest millimetre. The thickness of the tread must be greater than 10 mm (see Note 2).
[bookmark: _Toc86401053][bookmark: _Toc122512451][bookmark: _Toc136329479][bookmark: _Toc141780143][bookmark: _Toc141780247][bookmark: _Toc143088791]Lever Arm Geometry
If the load is applied using a lever arm arrangement, then the lever arm geometry must be checked prior to verifying the load. The lever arm must be adjusted to a horizontal position. The distance from the pivot point to the centreline of the wheel (shown as dimension ‘A’ in Figure 6.1) and the distance from the pivot point to the centreline of the load carrier (shown as dimension ‘B’ in Figure 6.1) need to be determined to the nearest millimetre. 
[bookmark: _Ref142299044]Figure 6.1:	Example diagram of a wheel tracking apparatus
[image: ]
[bookmark: _Toc86401054][bookmark: _Toc122512452][bookmark: _Toc136329480][bookmark: _Toc141780144][bookmark: _Toc141780248][bookmark: _Toc143088792]Wheel Loading
Verify the magnitude of the wheel load as follows:
1. Firmly affix a calibrated proving ring (dynamometer) or load cell to the specimen table centrally in the wheel travel zone. 
1. Apply a 700 ± 20 N load to the wheel and lower onto the top of the proving ring (dynamometer) or load cell. 
1. Record the reading on the proving ring dial gauge or load cell output and translate this reading to the equivalent force. 
The force exerted by the wheel must be within 700 ± 20 N.
[bookmark: _Toc86401055][bookmark: _Toc122512453][bookmark: _Toc136329481][bookmark: _Ref136526199][bookmark: _Ref136526250][bookmark: _Toc141780145][bookmark: _Toc141780249][bookmark: _Ref142299536][bookmark: _Ref142299812][bookmark: _Toc143088793]Specimen Table/Loaded Moving Wheel Parameters
Verify the specimen table and loaded wheel parameters as follows:
Specimen Table Speed:		
1. Firmly affix a dummy specimen on to the specimen table and arrange as for undertaking a wheel tracking test.
1. Mark the specimen table with a visible mark such that the mark passes a fixed point on the wheel tracking apparatus frame.
1. Commence movement of the specimen table, lower the loaded wheel (loaded to 700 ± 20 N) and allow to operate for at least 10 passes.
1. Using a stopwatch, measure the time it takes to complete 50 passes. Calculate the number of passes per minute. 
1. Repeat two more times and record the average number of passes per minute.
The platform speed must be within 42 ± 0.5 passes per minute.
Loaded Moving Wheel Speed:
1. [bookmark: _Hlk53946859]Firmly affix a dummy specimen to the specimen table and arrange as for undertaking a wheel tracking test.
1. Mark the dummy specimen with a visible mark such that the mark passes a fixed point on the wheel tracking apparatus frame.
1. Lower the loaded wheel (loaded to 700 ± 20 N), and commence movement of the loaded wheel, and allow to operate for at least 10 passes.
1. Using a stopwatch, measure the time it takes to complete 50 passes. Calculate the number of passes per minute.
1. Repeat two more times and record the average number of passes per minute. 
The loaded wheel speed must be within 42 ± 0.5 passes per minute. 
Specimen Table Travel Distance:	
1. Remove the test mould from the tabletop.
1. Secure a piece of paper of about 400 mm in length and at least 100 mm in width to the specimen table with adhesive tape. The paper should be positioned centrally in the wheel travel zone.
1. Secure a felt pen or pencil to the transducer frame so that it is held securely in a vertical position and touches the paper on the tabletop when the wheel is in the lowered position.
1. Adjust the height of the lever arm so that it is horizontal when resting on the specimen table (without a specimen or test mould).
1. Lower the wheel so that it is in contact with the paper on the specimen table. Apply a 700 ± 20 N load to the wheel.
1. Commence moving the specimen table beneath the loaded wheel.
1. Raise the loaded wheel and stop the table movement after approximately 10 passes.
1. Record the length of the trace made by the pencil.
1. Re-adjust the height of the lever arm so that it is horizontal when resting on a specimen within the test mould on the specimen table.
The table travel distance must be within 230 ± 10 mm.
Loaded Moving Wheel Travel Distance (automatic devices):	
1. [bookmark: _Hlk53952166]Place a dummy specimen into a test mould and load into the device.
1. Secure a piece of paper of about 400 mm in length and at least 100 mm in width to the dummy specimen with adhesive tape. The paper should be positioned centrally in the wheel travel zone.
1. Secure a felt pen or pencil to the loaded wheel so that it is held securely in a vertical position and touches the paper on the specimen when the wheel is in the lowered position.
1. Lower the wheel so that it is in contact with the dummy specimen in the specimen mould. Set the applied load to the wheel to achieve 700 ± 20 N.
1. Commence moving the loaded wheel.
1. Stop the loaded wheel movement after about 10 passes.
The loaded moving wheel travel distance must be within 230 ± 10 mm.
Cycle Counter (moving table):	
1. Mark the specimen table with a visible mark such that the mark passes a fixed point on the wheel tracking apparatus frame.
1. Lower the loaded wheel and commence movement of the specimen table, and count approximately 100 passes.
1. Stop the table movement and record the number of passes counted and compare with the number of counts recorded by the automatic counter. 
The counts recorded by the automatic counter must be within ± 1 of the actual count.
Cycle Counter (loaded moving wheel):
1. Mark the loaded wheel with a visible mark such that the mark passes a fixed point on the wheel tracking apparatus frame.
1. Lower the loaded wheel and commence movement and count approximately 100 passes.
1. Stop the loaded wheel movement and record the number of passes counted and compare with the number of counts recorded by the automatic counter.
The counts recorded by the automatic counter must be within ± 1 of the actual count.
[bookmark: _Toc86401056][bookmark: _Toc122512454][bookmark: _Toc136329482][bookmark: _Toc141780146][bookmark: _Toc141780250][bookmark: _Toc143088794]Transducer (LVDT)
Verify the transducer as follows:
Moving Specimen Table:
1. Lower the loaded wheel (loaded to 700 ± 20 N) onto the specimen table (without any specimen or specimen fixtures).
1. Adjust the height of the lever arm so that it is horizontal when resting on the specimen table (without a specimen or test mould).
Adjust the transducer so that there is at least 15 mm of travel. Do not adjust the transducer again throughout this procedure.
Note the reading of the transducer.
Raise the wheel.
Firmly affix a gauge block where the loaded wheel makes contact with the specimen. The gauge block should be between 3 and 7 mm in thickness.
Lower the loaded wheel onto the gauge block and note the reading of the transducer.
Calculate the difference in transducer readings.
Repeat steps (f) to (h) at least two more times with gauge blocks with thicknesses in the ranges 8 to 12 mm and 13 to 17 mm. Additional intermediate readings can be undertaken using other gauge blocks to cover the working range of the transducer.
Re-adjust the height of the lever arm so that it is horizontal when resting on a specimen within the test mould on the specimen table.
The maximum allowable deviation from the true height is 0.1 mm.
Loaded Moving Wheel:
1. Place a dummy specimen into a test mould.
1. Lower the loaded wheel (loaded to 700 ± 20 N) onto the specimen.
1. Adjust the transducer so that there is at least 15 mm of travel. Do not adjust the transducer again throughout this procedure.
1. Note the reading of the transducer.
1. Raise the wheel.
1. Firmly affix a gauge block where the loaded wheel makes contact with the table. The gauge block should be between 3 and 7 mm in thickness.
1. Lower the loaded wheel onto the gauge block and note the reading of the transducer.
1. Calculate the difference in transducer readings.
1. Repeat steps (f) to (h) at least two more times with gauge blocks with thicknesses in the ranges 8 to 12 mm and 13 to 17 mm. Additional readings can be undertaken using other gauge blocks to cover the working range of the transducer.
The maximum allowable deviation from the true height is 0.1 mm. 
[bookmark: _Toc86401057][bookmark: _Toc122512455][bookmark: _Toc136329483][bookmark: _Toc141780147][bookmark: _Toc141780251][bookmark: _Toc143088795]Temperature
Verify the temperature-controlled enclosure as follows:
1. Place a dummy specimen in the wheel tracking device as for undertaking a wheel tracking test. The dummy specimen should have the calibrated temperature measurement device fitted to the dummy specimen (see Note 3). The temperature should be readable from outside the temperature‑controlled chamber (see Note 4).
1. Allow sufficient time for the dummy specimen to reach temperature equilibrium at 60 ± 1 ºC. At least 5 hours is recommended.
1. Take a temperature reading of the dummy specimen without breaching the temperature‑controlled environment.
1. Repeat step (c) at 30-minute intervals for 4 hours. Temperature readings can be taken at greater frequencies if desired.
The temperature must be able to be controlled to within 60 ± 1 ºC throughout the test.
Note: If additional test specimens heated to the required test temperature at other locations within the temperature‑controlled chamber prior to testing, then a dummy specimen should be positioned in the same location to check that the temperature of the additional test specimens are within tolerance (using steps (a) to (d) above).
[bookmark: _Toc86401058][bookmark: _Toc122512456][bookmark: _Toc136329484][bookmark: _Toc141780148][bookmark: _Toc141780252][bookmark: _Toc143088796]Vertical Play in Loading Mechanism (Moving Table)
Verify the vertical play in the loading mechanism of the moving specimen table as follows:
1. The specimen table travel mechanism must be disconnected throughout this procedure.
1. Remove the specimen mould from the tabletop.
Adjust the height of the lever arm so that it is horizontal when resting on the specimen table (without a specimen or specimen mould). 
Adjust the LVDT so that it is within its working range and lock in place. 
Apply a load of 700 ± 20 N.
Record the value given by the LVDT.
Gently lift the wheel from contact with the specimen table without altering the position of the LVDT. The load may need to be removed.
Apply steps (c) to (g) two times more.
Re-adjust the height of the lever arm so that it is horizontal when resting on a specimen within the test mould on the specimen table.
None of the three LVDT readings shall differ from the mean of the three LVDT readings by more than 0.25 mm.
[bookmark: _Toc86401059][bookmark: _Toc122512457][bookmark: _Toc136329485][bookmark: _Toc141780149][bookmark: _Toc141780253][bookmark: _Toc143088797]Location of Data Measurement Points
The locations of the data measuring points must be verified as follows:
Moving Specimen Table:
1. Remove the specimen mould from the tabletop.
1. Adjust the height of the lever arm so that it is horizontal when resting on the specimen table (without a specimen or specimen container). 
1. Adjust the LVDT so that it is within its working range and lock in place.
1. Apply a load of 700 ± 20 N.
1. Using the paper still in place (as per Section 6.4), find the centre of the travel of the specimen table.
1. Measure 37.5 mm either side of the centre of the travel and mark these points on the paper.
1. Affix the two metal rods with a diameter of between 2 and 3 mm at right angles to the table travel at the two points marked in step (f).
1. Commence a wheel tracking test and determine if the two rods register in the data recorded to file.
1. Re-adjust the height of the lever arm so that it is horizontal when resting on a specimen within the test mould on the specimen table.
If the data does not register the position of the rods correctly (to within 2.5 mm) the manufacturer should be contacted to determine a solution.
Loaded Moving Wheel:
1. Place a dummy specimen into a test mould.
(bi) Adjust the LVDT so that it is within its working range and lock in place.
(bj) Lower the wheel and apply a load of 700 ± 20 N.
(bk) Using the paper still in place (as per Section 6.4), find the centre of the travel of the loaded wheel.
(bl) Measure 37.5 mm either side of the middle of the travel and mark these points on the paper.
(bm) Affix the two metal rods with a diameter of between 2 and 3 mm at right angles to the dummy specimen at the two points marked in step (e).
(bn) Commence a wheel tracking test and determine if the two rods register in the data recorded to file.
If the data does not register the position of the rods correctly (to within 2.5 mm) the manufacturer should be contacted to determine a solution.
[bookmark: _Toc70497273][bookmark: _Toc86401060][bookmark: _Toc122512458][bookmark: _Toc136329486][bookmark: _Toc141780150][bookmark: _Toc141780254][bookmark: _Toc143088798]Verification Report
The verification report shall include the following information:
1. Date and time of verification.
1. Name of the person undertaking the verification.
1. Identification of wheel tracking device verification.
1. Identification of all apparatus used in undertaking the calibration including:
70. Timing device.
70. Calibrated steel ruler.
70. Calibrated durometer.
70. Calibrated load ring (dynamometer) or Load Cell.
70. Calibrated temperature measuring device.
70. Calibrated gauge blocks.
1. Wheel(s) identification with mean diameter, mean width and mean tread thickness to the nearest millimetre.
1. Specimen table or wheel speed to the nearest half pass per minute.
1. Specimen table or wheel travel to the nearest millimetre.
1. Cycle counter accuracy to the nearest pass per 100 passes.
1. Loading system identification with accuracy to the nearest 1 N. Where appropriate, the calculated calibration constants should also be given.
1. Transducer identification with accuracy to the nearest 0.1 mm. Where appropriate, the calculated calibration constants should also be given.
1. Statement describing the control of the dummy specimen temperature over a four-hour period.
[bookmark: _Toc70497276][bookmark: _Toc86401061][bookmark: _Toc122512459][bookmark: _Toc136329487][bookmark: _Toc141780151][bookmark: _Toc141780255][bookmark: _Toc143088799]Precision
Not required.
NOTES:
1. International Rubber Hardness Degrees obtained using a normal test on a curved surface and a standard test piece thickness.
2. The rubber rim on the loading wheel becomes pitted with use. The measurement of the width and tread depth should cater for this normal wear and tear. Width and depth readings of the rubber tread should attempt to convey the average condition of the wheel and not focus on the worn areas to the exclusion of the non‑worn areas or vice versa. 
3. The temperature measuring device should be located within the dummy specimen and 50 mm from an edge and halfway into the test specimen.
4. The temperature must be read from outside the temperature-controlled enclosure as opening the enclosure will cause a fluctuation in the temperature of the dummy specimen. Where it is common practice to allow the next specimen to reach temperature equilibrium while testing another specimen, it is prudent to determine how long the next specimen needs to be left in the testing position to attain equilibrium temperature. Removal of the finished specimen and placement of the next specimen ready for testing will cause changes in the specimen temperature.
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