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PGP1: PROTOCOL FOR DETERMINING THE FLEXURAL  
  CREEP PROPERTIES OF BITUMINOUS BINDER  
  USING THE BENDING BEAM RHEOMETER (BBR) 
 

1.  INTRODUCTION 

1.1 As part of the proposed SA bitumen PG grading testing, the aim is to develop 

detailed test protocols to ensure consistent and reliable results throughout the 

industry. This protocol covers the performance related test procedures for 

determing the flexural creep properties of bituminous binder using the bending 

beam rheometer. This protocol is for the determination of the flexural creep (S), m-

value (m) and ΔTc. 

1.2 This BBR protocol is in accordance with test methods ASTM D6648 and ASTM D7643. 

 

2.  TESTING EQUIPMENT  

2.1  Bending Beam Rheometer (BBR): Any BBR equipment that fulfills the requirements 

of ASTM D6648  

2.2 Gauge block:  A stepped gauge block with thickness measured to ±5 µm for 

calibrating and for verifying the calibration of the displacement tranducer. 

2.3 Test Specimen Moulds: stainless steel moulds with dimensions below. All 

dimensions should not vary more than ± 0.05 mm. 

 Base bar: 6.35 mm (width) x 19.1 mm (depth) x 165 mm (length) 

 Side bar: 6.35 mm (width) x 12.7 (depth) x 165 mm (length) 

 End pieces: 6.35 mm (width) x 12.7 mm (depth) x 10.01 mm (length) 

2.4 Plastic sheeting: Plastic sheeting used to line the mould should be 0.12 ± 0.04 mm 

thick and should not deform when hot binder is poured to the moulds. 

2.5 Petroleum-Based Grease: Grease to hold the plastic strips to the moulds 

 NOTE 1: Silicone grease should not be used because silicone grease leaves a residue that is 

extremely difficult to remove even though the residue may not be visible 

2.6 Calibration and verification items:  

 Stainless steel (thick) beam: 6.4 ± 0.3 mm  (thick) x 12.7 ± 0.3 mm (wide) x 

127 ± 5 mm (long). 
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NOTE 2: Given the beam is used to calculate the thickness of the test specimens; it 

should be measured to the nearest 0.01mm. 

 Stainless steel (thin) beam: 1.0 to 1.6 mm  (thick) x 12.7 ± 0.1 mm (wide) x 

127 ± 5 mm (long). 

NOTE 3: Given the beam is used to calculate the modulus of the test specimens; it 

should be measured to the nearest 0.01mm. 

 Mass pieces: four (4) 100.0 ± 0.2 g mass pieces for load cell calibration. 

 Mass pieces: two (2) 2.0 ± 0.2 g mass pieces for load cell verification. 

2.7 Bath fluid: A bath fluid that is not absorbed by or does not affect the properties of 

the binder being tested i.e. Methanol AR, at least 95% purity. 

2.8 Temperature probe: a temperature probe that has been calibrated to two decimal 

places. 

 

3.   PREPARATION OF APPARATUS 

3.1  Make sure the instrument is level 

3.2  Make sure solvent level is at the recommended limit  

3.3  Switching on the intrument 

  (i) Turn on the instrument 

  (ii) Make sure the anti-freeze is circulating 

  (iii) Make sure the magnetic stirrer is circulating 

  (iv) Make sure the instrument is set at LOCAL/ZERO 

3.4  Adjust the external, line and bearing pressure 

3.5  Check there is no beam below the load cell 

3.6  Select the test temperature and allow the bath to equilibrate at the test 

temperature ±0.1°C before conducting a test. 

  Recommendation:  It should not be less than 15 minutes 

3.5  Turn on the data acquisition system and start the software as per manufacturer’s 

manual.  
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3.6  Verification of displacement transducer – on each day before conducting any tests, 

verify by using a stepped-gauge block. Remove any beams from the bath and place 

the gauge block on the reference platform according to manufacturer’s instructions. 

Apply a 100 g mass piece to the loading shaft and measure the rise in steps with the 

displacement transducer. 

  NOTE 4: Failure to pass this criteria implies an external calibration is required. 

3.7 Verification of freely operating air bearing – on each day before conducting any 

tests, verify that the air bearing is operating freely and free of friction. Place the thin 

beam on the sample support and apply a 35 ± 10 mN load on the beam using the 

zero load regulator. Gently lift the loading shaft to ± 5 mm, and on release the shaft 

should immediately float downward and make contact with the beam. 

Remove all beams from the supports. Use the zero load regulator to adjust the 

loading shaft so that it floats freely. Gently add the 2 g mass piece to the loading 

shelf and check to see if the shaft slowly drops downward under the weight. 

3.8 Verification of load cell – the below verifications of the load cell should be carried 

out on each day before conducting any tests: 

(i) Contact Load –verify the load cell in the range of the contact load. Place the 

thick beam onto the support. Using the zero load pressure regulator apply a 

load of 20 ± 10 mN. Add a 2.0 g mass piece to the loading platform and an 

increase of load increase displayed should be 20 ± 5 mN. Add another 2.0 g 

to the loading platform and the load reading should increase by 20 ± 5 mN. 

If this is not the case, then a calibration must be carried and verification 

repeated. Otherwise, please consult with the manufacturer. 

(ii) Test Load –verify the calibration of the load cell. Place 6.35 mm thick beam 

on the supports and using the zero load regulator, apply 20 ± 10 mN load to 

the beam. Add 100 g mass piece to the loading platform and observe for an 

increase of 981 ± 5 mN. If out of range, calibrate and repeat. If requirements 

are still not met, please consult with the manufacturer. 

(iii) Ensure that the loading shaft is at the vertical position that it will occupy at 

the start of the test. 

(a) Determine the vertical position of the shaft by placing the thick beam on 

the supports and applying a 100 g mass piece on the loading platform. 

The reading displayed indicates, approximately, the position of the shaft 

during testing of a 6.35 mm beam, 

(b) The BBR shall display 0 ± 5 mN while free floating, otherwise repeat. If 

requirements are still not met, please consult with the manufacturer. 
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3.9 Verification of Thermometric Device – before carrying out a test at the desired 

temperature using a temperature probe that has been calibrated to two decimal 

places. 

3.10  Daily Overall System Check (confidence test) – before any testing begins, perform an 

overall system’s check. Place the thin stainless steel beam on the sample support 

and following the manufacturers’ instructions place a 100 g mass piece to the beam. 

Apply another 100 to 300 g mass piece to the beam. The manufacturers’ software 

shall use the change in load to calculate the modulus of the beam and report it to 

three significant figures. 

4.  SAMPLE PREPARATION 

4.1 Assemble a test beam mould that will yield a demolded test beam sample of 6.35 ± 

0.05 mm thick by 12.70 ± 0.05 mm wide by 127 ± 2.00 mm long.   

   
  

4.2 Pour the sample from the degassing oven. If left for storage, heat the stored PAV 

aged binder until it is sufficiently fluid to pour.  

4.3 Pour the sample in the mould by beginning from one end to the other in one single 

pass. Slightly overfill the mould. 

4.4  Leave the filled mould at room  

  temperature to cool for 45 to 60 

  min. 

4.5  Trim the excess sample with a hot 

  spatula or knife. 

4.6  Leave the mould at room temperature prior to testing.  

NOTE 5: Time-dependent increases in stiffness can occur when an asphalt binder is stored 

at room temperature for even short periods of time. 

Recommendation: Leave the sample at room temperature for an additional 45 to 60 

min. 
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4.7  Just before testing, cool the sample in the freezer or ice bath for no longer than 5 

min then quickly demould the specimen. 

4.8  Place the test specimen in the BBR bath at the testing temperature for 60 ± 5min 

before testing. 

  

 NOTE 6: Measure the thickness of the sample. Thickness can be measured using 
either the thickness gauge or using the auto-thickness option if the instrument has 
it. 

  NOTE 7: Testing shall be completed within four (4) hours after specimens are 
 poured. 

5.  TEST PROCEDURE 

5.1   Place the thick stainless steel beam in position and adjust: 

a. Zero force to 35 ± 10 mN using the zero regulator valve 
b. Load force to 980 ± 50 mN using the load regulator valve 

NOTE 8: Sample will break at the start of the test if the zero force is outside the 
specification  

5.2   Enter the sample identification details. Place the sample in the test support and 

lower the shaft to make contact with the sample. When the contact is made the load 

must be 35 ± 10 mN. 

5.3   Activate the automatic test system and run the test.  

5.4  The data acquisition will generate results of measured stiffness (S) and m-value (m) 

at loading times of 8.0, 15.0, 30.0, 60.0, 120.0 and 240.0 seconds. 

5.5  Test at more than one temperature until S (60) ≤ 300MPa and m (60) ≥ 0.3 using a 

fresh sample for each temperature. Use the below recommendations: 

  PG Grading 
BBR testing temperatures (°C) 

PAV-aged binder only 

58-22 -6, -12, -18 

64-16 0, -6, -12, -18 

70-10 0, -6, -12, -18 

  NOTE 9: BBR test is done at low temperature grade + 10°C.  

5.6   Print the results for stiffness (S) and m-value (m). 
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6.         SHUTTING DOWN 

6.1        Remove any beams from the support and heat the bath to ± 5°C.   

6.2          Raise the load shaft and let it rest on the gauge block. 

6.3        Turn off the ZERO and LOAD pressure. 

6.4  Remove approximately 500 ml of the solvent (levels tend to rise). 

6.5  Turn OFF the instrument. 

 

7.   CALCULATIONS  

7.1        Calculations will be done in accordance with ASTM D6648 and ASTM D7643.  

7.2          a. Calculate Tc,S: 

The interpolation for each of the properties, except for m-value, shall be done using 

a linear relationship between the test results (log10 scale) and the test temperature 

(arithmetic scale). The interpolation takes the following form:  

Tc = T1 + ((log10 (PS) - log10 (P1))) / (log10 (P2) - log10 (P1)) x (T2 - T1) 

where: 

Tc = Continuous grading temperature, °C, 

T1  = Lower of the two test temperatures, °C, 

Ps = Specification requirement for property in question; determined at the                                                      

respective PG grading temperature for the respective property, 

P1 = Test result for the specification property in question at T1, 

P2 = Test result for the specification property in question at T2, and 

T2 = Higher of two test temperatures, °C 

b. Calculate Tc,m: 

The interpolation for the m-value shall be done using an arithmetic scale. The 

interpolation takes the following form: 

Tc = T1 + ((Ps- P1) / (P2 - P1)) x (T2 - T1)  
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c. Calculate ΔTc: 

1. ΔTc is the difference between Tc,S [S(60sec)=300MPa] and Tc,m [m(60sec)=0.3] 

2. ΔTc = Tc,S (300MPa) - Tc,m (0.3). 

 

8.        TEST REPORT 

8.1  Report the following: 

1. a) measured flexural creep stiffness, S (60s) MPa  reported to three significant 

figures at the test temperatures  

     b) measured m-value, m (60s) reported to the nearest 0.001 at the test          

temperatures 

2. Pass/Fail at the low temperature grade. Pass criteria: S (60) ≤ 300MPa and m (60) 

≥ 0.3 

        3. Calculated ΔTc in 7.2 above. 

  4. Beam dimensions   

9.   CALIBRATIONS & VERIFICATIONS 

9.1 Verification of Front-to-Back Alignment of Loading Shaft – After installation or major 

disturbance through moving and handling 

9.2  Every three months, verify:  

  a. Force calibration following the manufacturer’s instruction 

9.3 Change the solvent in the BBR regularly. A monthly change is recommended 

depending on testing frequency. 

9.4 Change the anti- freeze in the air/water heat exchanger yearly. 

9.5 Make sure that the plastic sheeting is changed once damaged/distorted as this 

affects the thickness of the sample 

 

BAD 

GOO

D 
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9.6  Recommendation: Instrument to be coupled to a UPS for power back-up in case of 

power cuts. 

 

10 PRECISION AND BIAS 

10.1 Tables 1 and 2 contain single-operator precision data performed at the CSIR, 

showing: BBR measured S and m-value properties with coefficient of variation (COV) 

of ≤ 1.6%. 

Table 1: Single-operator precision at -6°C 

  

Randomly 

selected 

binders 

Modification 
Number of 

repeats 

Measured COV (%) 

S m 

1 Unmodified 4 0.4 1.3 

2 Unmodified 4 0.3 1.0 

3 Modified 4 0.8 1.6 

4 Modified 4 1.2 0.0 

5 Unmodified 4 0.8 0.9 

6 Unmodified 4 1.6 0.1 

7 Modified 4 1.0 0.3 

 

 

11.   REFERENCES 

11.1 ASTM D6648 (2016): Determining the flexural creep stiffness of asphalt binder using 

the bending beam rheometer. American Society for Testing and Materials (ASTM) 

International. 

11.2 ASTM D7643 (2010): Determining the continuous grading temperatures and 

continuous grades for PG graded asphalt binders. American Society for Testing and 

Materials (ASTM) International. 

11.3  CSIR BBR work instruction: WI-CSIR-BE-LAB-20.66. 2015 

11.4 Technician’s manual for specification of asphalt binders: MS-25 (3rd edition). Asphalt 

Institute. 2012. 

11.5 Instruction and operation manual for TE-BBR models version 1.2g. CANNON® 

Instrument Company. May 2008. 
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PGP2: PROTOCOL FOR DETERMINING THE RHEOLOGICAL 
  PROPERTIES OF BITUMINOUS BINDER USING A  
  DYNAMIC SHEAR RHEOMETER: (G*/SINδ) 

 

 

1.  INTRODUCTION 

1.1 As part of the proposed SA bitumen PG grading testing, the first step in this process 

is to develop detailed test protocols to ensure consistent and reliable results 

throughout the industry. This protocol covers the determination of rheological 

properties of asphalt binders using a Dynamic Shear Rheometer - (G*/sinδ). 

1.2 The rheological properties will be performed in accordance with test method ASTM 

D7175. 

 

2. TESTING INSTRUMENT 

2.1 Dynamic Shear Rheometer (DSR): Any DSR that fulfils the requirements of ASTM 

D7175. 

2.2 Test Plates: Cylindrical metal lower and upper measuring plates of 25 ± 0.05 mm in 

diameter with a smooth ground surface. 

2.3 Trimming tool: A tool suitable to trim excess binder from the test plates. 

2.4 Specimen mould: Silicon rubber mould for sample preparation. 

2.5 Materials:  

 Wiping material: clean paper towel or clean cloth to wipe the test plates 

 Cleaning solvent: solvent to clean the test plate. After cleaning, the plate 

should have no residue.  

NOTE 1: Acetone can be used to remove any residue left from the initial cleaning. 

2.6 Oven: An oven that can maintain any temperature up to 260°C ± 3°C. 

2.7 Hot plate/heating gun: A heating equipment to warm up the trimming tool.  

 

3. PREPARATION OF INSTRUMENT 

3.1 Follow manufacturer’s recommendations to prepare the instrument. 

3.2 Inspect the test plates to ensure they have no scratches and/or dents. 
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BAD GOOD 

3.3 Use a solvent to clean the test plates. 

3.4 Follow manufacturers’ instruction and select the correct workbook for testing the 

following: 

 (G*/sinδ) - Unaged binder   

3.5 Mount the upper measuring plate to the instrument ensuring that it is aligned. 

3.6 Attach the lower measuring plate to the instrument. Firmly tighten it. 

3.7 Select the testing temperature to be used according to the SA specification. See 

Table 1 below: 

 Table 1: Maximum pavement design temperature for South Africa 

Maximum pavement design temperature (°C) 

58 64 70 

 

3.8 Use the manufacturer’s instruction to zero the gap at the selected temperature and 

correct gap size. If multiple temperatures are going to be used, zero gap at the 

middle temperature of the temperature range. Use the same sample for all 

temperatures.  
 NOTE 2: Make sure that the correct gap size is selected for the 25-mm measuring plates.  

 25-mm (1-mm gap size) 

 25-mm (2-mm gap size for bitumen rubber) 
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4. SAMPLE PREPARATION METHOD 

4.1 Prepare the unaged binder sample according to the sample preparation protocol.   

4.2 Pour the hot binder prepared above into a silicon mould and leave to cool at room 

temperature. 

   

Recommendation:  A minimum mass of 0.6 g is required when testing with a 25-mm 

plate. Testing should be completed within 4 hours from the time the sample is 

poured on the mould.  

 

5. SAMPLE LOADING AND TRIMMING 

5.1 Heat up the bottom measuring plate to loading temperature.  

 Recommendation:  A loading temperature of 70°C is recommended. 

5.2            Take a wide and flat spatula and heat it up with a heating gun or hotplate. Use the 

heated spatula to warm up the upper measuring test plate by attaching the spatula 

to the upper measuring test plate while it is mounted to the instrument for 

approximately 10 sec.  

5.3 Demould the prepared sample and attach it to the upper plate and lower the upper 

measuring plate to trimming position (gap between the plates that equals the 

testing gap plus the gap closure required to create a bulge) – see picture below. 
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5.4 Heat up the trimming tool on the hot plate/ heating gun (it must be hot enough to 

be able to remove the sample) and use it to trim the excess binder by moving the 

tool around the edges of the plates so that the binder is even with the outer 

diameter of the plates.  

 NOTE 3: Use short movements when trimming and remove small amounts of the sample at 

a time. 

5.5 After trimming, lower the upper measuring test plate to the measuring gap position 

to form a slight bulge – see picture below. 

 

 

6.  TESTING PROCEDURE 

6.1  Test the G*/sinδ of the samples prepared in 5.5 above. 

6.2  When testing at multiple temperatures, start testing from the lowest temperature. 

6.3 Condition the sample at the selected starting temperature for ten (10) minutes 

before testing starts (unless thermal equilibrium analysis shows otherwise). 

6.4 Test at a standard frequency of 10 rad/s and at the target LVE strain value 

6.5 Obtain measurements of complex modulus (G*) and phase angle (δ) of between 8 to 

16 loading cycles. 

 

7. CALCULATIONS 

7.1 Get an average of the complex modulus (G*) and the phase angle (δ) of the loading 

cycles. 

7.2 Obtain the G*/sinδ of the averaged values using the software provided by the 

manufacturer.  
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8. REPORT 

8.1 G*/sinδ, for unaged binder at Tmax. Tmax is the maximum passing temperature as per 

the South African specification. 

 

9. CALIBRATIONS AND VERIFICATIONS 

9.1 Temperature verification: follow manufacturer’s recommendations and verify the 

temperatures (include 58°C, 64°C and 70°C) by using a rubber wafer or a dummy test 

specimen every ninety (90) days. 

9.2 Motor adjustment: follow manufacturer’s recommendations and do a motor 

adjustment with the measuring test plates at the correct gap sizes every ninety (90) 

days. 

9.3 External calibration: done by the manufacturer yearly for properties such as 

temperature and torque. 

 

10. PRECISION AND BIAS 

10.1 Data for the determination of single- and multiple-operator precision for the 

complex modulus (G*) performed at the CSIR is presented in Table 1. 

 

Table 1: Single and multiple operator precision 

 Material Properties 

G* of penetration 

grade bitumen 

Model Smartpave Plus 

G* of SBS - modified 

binder 

Model Smartpave Plus 

Operator 1 

Result #1 7.0 10.0 

Result #2 6.8 9.8 

Result #3 6.6 9.7 

Result #4 6.8 9.6 

Result #5 6.9 9.5 

Average for Operator 1 6.8 9.7 

Standard deviation for 0.15 0.19 
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Operator 1 

Coefficient of Variation for Operator 1 2.3% 1.9% 

Operator 2 

Result #1   - 11.7 

Result #2 7.2 11.2 

Result #3 7.1 11.1 

Result #4 7.0 10.7 

Result #5 7.1 11.5 

Average for Operator 2 7.1 11.2 

Standard deviation for 

Operator 2 
0.06 0.39 

Coefficient of Variation for Operator 2 0.9% 3.4% 

Multi-operator Average 7.0 10.5 

Multi-operator Standard deviation 0.20 0.87 

Multi-operator Coefficient of Variation  2.8%  8.3% 

 

 

11. REFERENCES 

11.1 ASTM D7175 (2015): Determining the rheological properties of asphalt binder using a 
dynamic shear rheometer. American Society for Testing and Materials (ASTM) 
International. 

11.2 Technician’s manual for specification testing of asphalt binders: MS-25 (3rd edition). 

Asphalt Institute, 2012. 

11.3 CSIR DSR work instruction: WI-CSIR-BE-LAB-20.36 (2013) 

11.4 CSIR test protocol for determining the rheological properties using dynamic shear 

rheometry GWDMS:  180052 (2009).  
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PGP3: PROTOCOL FOR DETERMINING THE RHEOLOGICAL 
  PROPERTIES OF BITUMINOUS BINDER USING A  
  DYNAMIC SHEAR RHEOMETER: Frequency sweep 
  (and the ageing ratio) 

 

 

 

1.  INTRODUCTION 

1.1 As part of the proposed SA bitumen PG grading testing, the first step in this process is 

to develop detailed test protocols to ensure consistent and reliable results throughout 

the industry. This protocol covers the determination of rheological properties of 

asphalt binders using a Dynamic Shear Rheometer. 

1.2 The rheological properties will be performed in accordance with ASTM standard test 

method ASTM D7175. This test is performed on unaged, RTFO aged and PAV aged 

samples at the intermediate temperature for the PG grade. It is used to calculate 

ageing ratios and develop frequency sweeps for master curves. 

 

2. TESTING INSTRUMENT 

2.1 Dynamic Shear Rheometer (DSR): Any DSR that fulfils the requirements of ASTM 

D7175. 

2.2 Test Plates: Cylindrical stainless steel metal lower and upper measuring plates of 8 ± 

0.1 mm and 25 ± 0.05 mm in diameter with a smooth ground surface. 

2.3 Trimming tool: A tool suitable to trim excess binder from the test plates 

2.4 Specimen mould: Silicon rubber mould for sample preparation 

2.5 Materials:  

 Wiping material: paper towel or clean cloth to wipe the test plates 

 Cleaning solvent: solvent to clean the test plate. After cleaning, the plate 

should have no residue.  

NOTE 1: Acetone can be used to remove any residue left from the initial cleaning. 

2.6 Oven: An oven that can maintain any temperature up to 260°C ± 3°C. 

2.7 Hot plate / heating gun: A heating equipment to warm up the trimming tool 
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3. PREPARATION OF INSTRUMENT 

3.1 Follow manufacturer’s recommendations to prepare the instrument. 

3.2 Inspect the test plates to ensure they have no scratches and/or dents. 

  

BAD GOOD 

3.3 Use a solvent to clean the test plates. 

3.4 Follow manufacturer’s instruction and select the correct workbook for testing the 
following: 

 frequency sweeps 
 

3.5 Mount the upper test plate to the instrument ensuring that it is aligned. 

3.6 Attach the bottom plate to the instrument. Firmly tighten it. 

3.7 Select the intermediate testing temperature to be used according to the SA 

specification. See Table 1 below: 

 Table 1: Intermediate temperature per SA PG grading (for PAV aged binder) 

PG Grading Intermediate Temperatures (°C) 

58-22 22 

64-16 28 

70-10 34 

 

 3.8 Use the manufacturer’s instruction to zero gap at the selected temperature and gap 

size. Zero gap at the middle temperature of the temperature range.  
 NOTE 2: Make sure that the correct gap size is selected for the different measuring plates.  

 8-mm (2-mm gap size) 

 25-mm (1-mm gap size) 

 25-mm (2-mm gap size for bitumen rubber) 

NOTE 3: 8-mm plates will be used unless the G* < 100 kPa. If G* < 100kPa, then a 25-mm 

plates will be used. 
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4. SAMPLE PREPARATION METHOD 

4.1 Prepare the binder sample according to the sample preparation protocol.   

4.2 Pour the hot binder prepared above into the relevant silicon mould and leave to cool 

at room temperature – see picture below. 

 

 

 

Recommendation:  A minimum mass of 0.6 g if testing will be conducted using a 25-

mm plate and a minimum mass of 0.2 g if testing will be conducted using an 8-mm 

plate.  Testing should be completed within 4 hours from the time the sample is 

poured on the mould.  

5. SAMPLE LOADING AND TRIMMING 

5.1 Heat up the bottom measuring plate to loading temperature.  

 Recommendation:  A loading temperature of 70°C is recommended. 

5.2            Take a wide and flat spatula and heat it up with a heating gun or hotplate. Use the 

heated spatula to warm up the upper measuring test plate by attaching the spatula 

to the upper measuring test plate while it is mounted to the instrument for 

approximately 10 sec. 

5.3 Demould the prepared sample and attach it to the upper plate and lower the upper 

measuring plate to trimming position (gap between the plates that equals the 

testing gap plus the gap closure required to create a bulge) – see picture below. 
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5.4 Heat up the trimming tool on the hot plate/heating gun (it must be hot enough to be 

able to remove the sample) and use it to trim the excess binder by moving the tool 

around the edges of the plates so that the binder is even with the outer diameter of 

the plates. 

 NOTE 3: Use short movements when trimming and remove small amounts of the sample at 

a time. 

5.5 After trimming, lower the upper measuring test plate to the measuring gap position 

to form a slight bulge – see picture below. 

 

6.  TESTING PROCEDURE 

6.1 Test the frequency sweep of the samples prepared in 5.5 above. 

6.2 The G* and δ will be measured at the intermediate temperatures given in Table 2 

below. 8-mm plates will be used unless the G* < 100 kPa. If G* < 100 kPa, then 25-

mm plates will be used. Strain levels and frequency range to be used are given in 

Table 3 and Table 4 respectively:  
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Table 2: Intermediate temperature per PG Grading 

PG Grading Intermediate Temperatures (°C) 

58-22 22 

64-16 28 

70-10 34 

 

 

Table 3: Strain level to use on different plate sizes 

Plate size (mm) Strain level (%) 

8 1 

25 2 

 

Table 4: Frequency range 

Log basis Linear basis (rad/s) Linear basis (Hz) 

-0.6 0.251 0.0400 

-0.4 0.398 0.0634 

-0.2 0.631 0.100 

-0.0 1.00 0.159 

+0.2 1.58 0.252 

+0.4 2.51 0.400 

+0.6 3.98 0.634 

+0.8 6.31 1.00 

+1.0 10.0 1.59 

+1.2 15.8 2.52 

+1.4 25.1 4.00 

   

6.3 Condition the sample at the selected starting temperature for ten (10) minutes 

before testing starts (unless thermal equilibrium analysis shows otherwise). 

6.4 The frequency sweep will be conducted on unaged, RTFO and PAV aged samples. 

 

7. CALCULATIONS 

7.1 Calculate the aging ratio: ageing ratio is the ratio of the RTFO and PAV aged binders 

versus the unaged binder calculated at 10.0 rad/s.  

 G*RTFO/G*Original 

 G*PAV/G*Original 

 

8. REPORT 

8.1 Ageing ratios calculated in 7.1 above to one decimal place. 

8.2 Complex modulus and phase angle values at the frequency range given in Table 4 

above. 
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9. CALIBRATIONS AND VERIFICATIONS 

9.1 Temperature verification: follow manufacturer’s recommendations and verify the 

temperatures (include 22°C, 28°C and 34°C) by using a rubber wafer or a dummy test 

specimen every ninety (90) days.  

9.2 Motor adjustment: follow manufacturers’ recommendations and do a motor 

adjustment with the measuring spindles at the correct gap sizes every ninety (90) 

days. 

9.3 External calibration: done by the manufacturer yearly for properties such as 

temperature and torque. 

 

10. PRECISION AND BIAS 

10.1 Data for the determination of single-operator precision performed at the CSIR is 

presented in Table 5. 

Table 5: Single - operator precision 

 

 

11. REFERENCE 

11.1 ASTM D7175 (2015): Determining the rheological properties of asphalt binder using a 
dynamic shear rheometer. American Society for Testing and Materials (ASTM) 
International. 

11.2 Technician’s manual for specification testing of asphalt binders: MS-25 (3rd edition). 

Asphalt Institute, 2012. 

11.3 CSIR DSR work instruction: WI-CSIR-BE-LAB-20.36 (2013). 

 
 

Binder Type 
Gap / 
mm 

Frequency / Hz 

0.0126 0.126 1.26 12.6 50.2 

δ G* δ G* δ G* δ G* δ G* 

60/70pen 1.0 89.6 40.0 88.5 397 85.8 3 710 82.2 31 900 80.3 110 000 

60/70pen 1.0 89.6 41.0 88.4 402 85.6 3 750 82.0 32 100 80.0 111 000 

60/70pen 1.0 89.6 41.0 88.5 403 85.7 3 750 81.8 32 200 78.6 111 000 

60/70pen 1.0 89.5 40.4 88.4 396 85.6 3 690 82.0 31 700 79.4 109 000 

60/70pen 1.0 89.6 39.0 88.5 387 85.8 3 620 82.0 31 200 79.0 109 000 

60/70pen 1.0 89.6 39.0 88.6 382 85.9 3 570 82.4 30 800 80.7 107 000 

Average 1.0 89.6 40.1 88.5 395 85.7 3682 82.1 31650 79.7 109500 

σ (60/70pen) 1.0 0.04 0.95 0.08 8 0.12 72.8 0.21 546.8 0.80 1516.6 

Coeff. of Variation 1.0 0.0 2.3 0.1 2 0.1 2 0.3 2 1.0 1 

60/70pen 1.0 89.6 40.0 88.5 397 85.8 3 710 82.2 31 900 80.3 110 000 

60/70pen 1.1 89.6 40.3 88.5 398 85.8 3 730 82.3 32 200 80.5 112 000 

60/70pen 1.2 89.6 39.7 88.4 393 85.7 3 660 81.9 31 500 78.8 110 000 

60/70pen 1.3 89.6 39.2 88.3 384 85.7 3 580 81.9 30 800 78.8 107 000 

60/70pen 1.4 89.6 40.4 88.3 397 85.6 3 700 81.7 31 700 78.0 110 000 

60/70pen 1.5 89.6 39.1 88.6 385 85.9 3 620 82.1 31 300 79.0 109 000 

60/70pen 1.6 89.4 40.9 88.2 400 85.6 3 730 81.9 31 900 79.1 110 000 

60/70pen 1.7 89.4 40.3 88.2 393 85.6 3 650 81.8 31 300 78.7 109 000 

60/70pen 1.8 89.5 40.9 88.2 397 85.6 3 700 81.9 31 800 79.2 110 000 

60/70pen 1.9 89.4 40.4 88.2 397 85.6 3 690 81.9 31 700 79.1 110 000 

60/70pen 2.0 89.3 40.2 88.2 392 85.6 3 650 82.2 31 400 80.3 109 000 

Average 1-2 89.5 40.1 88.3 394 85.7 3675 82.0 31591 79.3 109636 

σ (60/70pen) 1-2 0.11 0.59 0.15 5.2 0.11 47.2 0.19 383.3 0.78 1206.0 

Coeff. of Variation 1-2 0.1 1.5 0.2 1 0.1 1 0.2 1 1.0 1 

CRM Bitumen 1.0 28.2 1 430 43.8 3 500 51.1 12 500 52.6 47 200 54.6 107 000 

CRM Bitumen 1.0 24.4 1 600 41.7 3 640 50.7 12 600 52.9 47 600 55.5 108 000 

CRM Bitumen 1.0 29.5 1 190 46.3 3 120 52.4 11 800 53.4 45 500 54.9 105 000 

CRM Bitumen 1.0 25.4 1 710 41.6 3 870 50.1 13 300 52.1 49 300 53.7 112 000 

CRM Bitumen 1.0 28.1 1 580 43.4 3 850 50.0 13 400 51.8 48 800 54.9 108 000 

CRM Bitumen 1.0 23.5 1 820 40.4 3 980 49.5 13 400 52.4 49 600 55.0 112 000 

CRM Bitumen 1.0 28.8 1 310 44.8 3 280 52.0 12 000 53.6 46 500 55.5 107 000 

CRM Bitumen 1.0 29.1 1 320 45.4 3 370 51.7 12 500 52.9 47 200 54.8 108 000 

CRM Bitumen 1.0 27.8 1 400 44.4 3 440 51.9 12 600 53.1 48 600 54.2 112 000 

Average 1.0 27.2 1484 43.5 3561 51.0 12678 52.8 47811 54.8 108778 

σ (CRM Bitumen) 1.0 2.19 206.2 1.95 293.5 1.02 584.8 0.59 1363.3 0.58 2587.4 

Coeff. of Variation 1.0 8.1 14 4.5 8 2.0 5 1.1 3 1.1 2 

CRM Bitumen 2.0 45.9 676 56.7 2 670 55.6 11 700 54.4 46 700 56.1 108 000 

CRM Bitumen 2.0 46.0 655 57.6 2 650 55.9 11 800 54.3 47 100 55.8 109 000 

CRM Bitumen 2.0 45.5 688 56.8 2 680 55.9 11 800 54.6 47 200 55.9 109 000 

CRM Bitumen 2.0 45.0 675 57.4 2 660 56.1 11 900 54.5 47 600 55.4 111 000 

CRM Bitumen 2.0 45.5 688 56.8 2 680 55.9 11 800 54.6 47 200 55.9 109 000 

Average 2.0 45.6 676 57.1 2668 55.9 11800 54.5 47160 55.8 109200 

σ (CRM Bitumen) 2.0 0.40 13.5 0.41 13.0 0.18 70.7 0.13 320.9 0.26 1095.4 

Coeff. of Variation 2.0 0.9 2 0.7 0 0.3 0 0.2 1 0.5 1 
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PGP4: PROTOCOL FOR MULTIPLE STRESS CREEP AND  
  RECOVERY (MSCR) OF BITUMINOUS BINDERS  
  USING A DYNAMIC SHEAR RHEOMETER 
 

 
 

1.  INTRODUCTION 

1.1 As part of the proposed SA bitumen PG grading testing, the first step in this process is 
to develop detailed test protocols to ensure consistent and reliable results throughout 
the industry. This protocol covers the determination of non-recoverable creep 
compliance of asphalt binders by means of Multiple Stress Creep and Recovery 
(MSCR) testing. 

1.2 The MSCR will be performed in accordance with test method ASTM D7405. 

 

2. TESTING INSTRUMENT 

2.1 Dynamic Shear Rheometer (DSR): Any DSR that fulfils the requirements of ASTM 
D7175. 

2.2 Test Plates: Cylindrical metal lower and upper measuring plates of 25 ± 0.05 mm in 
diameter with a smooth ground surface. 

2.3 Trimming tool: A tool suitable to trim excess binder from the test plates 

2.4 Specimen mould: Silicon rubber mould for sample preparation 

2.5 Materials:  

 Wiping material: paper towel or clean cloth to wipe the test plates 

 Cleaning solvent: solvent to clean the measuring test plates. After cleaning, 
the plates should have no residue.  
 

NOTE 1:  Acetone can be used to remove any residue left from the initial cleaning. 

2.6 Oven: An oven that can maintain any temperature up to 260°C ± 3°C. 

2.7 Hot plate / heating gun: A heating equipment to warm up the trimming tool 

 

3. PREPARATION OF INSTRUMENT 

3.1 Follow manufacturer’s recommendations to prepare the instrument. 

3.2 Inspect the test plates to ensure they have no scratches and/or dents. 
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BAD GOOD 

 

3.3 Use a solvent to clean the measuring test plates. 

3.4 Follow manufacturers’ instruction and select the correct workbook for testing the 
following: 

 Multiple Stress Creep and Recovery (MSCR) after RTFO ageing. 
3.5 Mount the upper measuring plate to the instrument ensuring that it is aligned. 

3.6 Attach the lower measuring plate to the instrument. Firmly tighten it. 

3.7 Select the Tmax testing temperature to be used according to the SA specification.  See 
Table 1 below: 

 Table 1: Maximum pavement design temperature for South Africa 

Maximum pavement design temperature (°C) 

58 64 70 

 

3.8 Use the manufacturer’s instruction to zero gap at the selected temperature and gap 
size. Use a different sample for each temperature. 

 NOTE 2: Make sure that the correct gap size is selected for the 25-mm measuring plates.  

 25-mm (1-mm gap size) 

 25-mm (2-mm gap size for bitumen rubber) 
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4. SAMPLE PREPARATION METHOD 

4.1 Pour the hot RTFO aged binder into a silicon mould and leave to cool at room 
temperature. 

   

 

Recommendation:  A minimum mass of 0.6 g if testing will be conducted using a 25-
mm plate. Testing should be completed within 4 hours from the time the sample is 
poured on the mould.  

 

5. SAMPLE LOADING AND TRIMMING 

5.1 Heat up the bottom plate to loading temperature.  

 Recommendation:  A loading temperature of 70°C is recommended. 

5.2            Take a wide and flat spatula and heat it up with a heating gun or hotplate. Use the   
heated spatula to warm up the upper measuring test plate by attaching the spatula 
to the upper measuring test plate while it is mounted to the instrument for 
approximately 10 sec. 

5.3 Demould the prepared sample and attach it to the upper plate and lower the upper 
measuring plate to trimming position (gap between the plates that equals the testing 
gap plus the gap closure required to create a bulge) – see picture below. 
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5.4 Heat up the trimming tool on the hot plate/heating gun (it must be hot enough to be 
able to remove the sample) and use it to trim the excess binder by moving the tool 
around the edges of the plates so that the binder is even with the outer diameter of 
the plates. 

 NOTE 3: Use short movements when trimming and remove small amounts of the sample at 
a time. 

5.5 After trimming, lower the upper measuring test plate to the measuring gap position 
to form a slight bulge – see picture below. 

 

 

 

6. TESTING PROCEDURE 

6.1 Condition the sample at the selected starting temperature for ten (10) minutes before 
testing starts (unless thermal equilibrium analysis shows otherwise). 

6.2 Load the sample at a constant creep stress for duration of 1.0 s followed by a 9.0 s 
zero stress recovery. Record the stress and strain cycle at least every 0.1 s for the 
creep phase and at least every 0.45 s for the recovery cycle. 

6.3 With no rest period in between cycles, perform creep and recovery cycles at 0.100 
kPa. The first 10 cycles are for conditioning the sample and the second 10 cycles are 
for data collection 

6.4 Allowing no rest period from task 6.3 and in between cycles, perform creep and 
recovery cycles at 3.200 kPa. Total time required to complete tasks 6.3 and 6.4 

 is 300 s. 
 
6.5 For the last 10 cycles at 0.100 kPa and the 10 cycles at 3.200 kPa, record the following: 

6.5.1 Initial strain value at the beginning of the creep portion of each cycle. This will 
be denoted as Ɛo 

6.5.2 The strain value at the end of the creep portion of each cycle. This will be 
denoted as Ɛc. 
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6.5.3 The adjusted strain value at the end of the creep portion. This will be denoted 
as Ɛ 1. Ɛ 1 is calculated as: 

   Ɛ1 = Ɛc – Ɛo  

6.5.4 The strain value at the end of the recovery portion of each cycle. This will be 
denoted as Ɛr. 

6.5.5 The adjusted strain value at the end of the recovery portion of each cycle. This 
will be denoted Ɛ10. Ɛ10 is calculated as: 

   Ɛ10 = Ɛr – Ɛo   

7. CALCULATIONS 

7.1 Using the results obtained in 6.5. Determine the non-recoverable creep compliance 
(Jnr) for the binder at creep stress levels of 0.100 kPa and 3.200 kPa as follows: 

7.1.1 For each of the last 10 cycles at creep stress of 0.100 kPa calculate the non-
recoverable creep compliance, Jnr (0.1, N), for N = 1 to 10: 

    Jnr (0.1, N) = Ɛ10/0.1 

 7.1.2 For each of the last 10 cycles at creep stress of 3.200 kPa calculate the non-
recoverable creep compliance, Jnr (3.2, N), for N = 1 to 10: 

    Jnr (3.2, N) = Ɛ10/3.2 

 7.1.3 Calculate the average non-recoverable creep compliance at 0.100 kPa:  

   Jnr 0.1 =SUM Jnr (0.1, N)/10 for N = 1 to 10 

 7.1.4 Calculate the average non-recoverable creep compliance at 3.200 kPa:  

   Jnr 3.2 =SUM Jnr (3.2, N)/10 for N = 1 to 10 

 where: N represents the number of cycles 

 

8. REPORT 

8.1 Test temperature to the nearest 0.1°C. 

8.2 Non-recoverable creep compliance (Jnr) at 0.1 kPa, to three significant figures. 

8.3 Non-recoverable creep compliance (Jnr) at 3.2 kPa, to three significant figures. 

 

9. CALIBRATIONS AND VERIFICATIONS 
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9.1 Temperature verification: follow manufacturer’s recommendations and verify the 
temperatures (include 58°C, 64°C and 70°C) by using a rubber wafer or a dummy test 
specimen every ninety (90) days.  

9.2 Motor adjustment: follow manufacturer’s recommendations and do a motor 
adjustment with the measuring test plates at the correct gap sizes every ninety (90) 
days. 

9.3 External calibration: done by the manufacturer yearly for properties such as 
temperature and torque. 

10. PRECISION AND BIAS 

10.1 Data for the determination of multi-laboratory precision for Jnr is presented in Table 1 

 Table 1: Multi-laboratory precision 

Condition 

10-20pen 35-50pen 50-70pen 70-100pen 

Coefficient 

of 
Variation 

(1s%) 

Maximum 

Acceptable 

Range of 
Two Test 

Results 

(d2s%) 

Coefficient 

of 
Variation 

(1s%) 

Maximum 

Acceptable 

Range of 
Two Test 

Results 

(d2s%) 

Coefficient 

of 
Variation 

(1s%) 

Maximum 

Acceptable 

Range of 
Two Test 

Results 

(d2s%) 

Coefficient 

of 
Variation 

(1s%) 

Maximum 

Acceptable 

Range of 
Two Test 

Results 

(d2s%) 

Multi-laboratory Precision @58°C 

Jnr at 0.1 

kPa 
13.2 37.2 5.6-9.3 26.1 3.8-9.9 27.9 5.7-9.3 26.1 

Jnr at 3.2 

kPa 
13.5 38.2 4.9-8.0 22.6 3.6-8.6 24.3 3.8-7.6 21.4 

Multi-laboratory Precision @64°C 

Jnr at 0.1 

kPa 
12.2 34.5 4.7-6.8 19.1 1.7-7.5 21.2 4.3-7.9 22.2 

Jnr at 3.2 

kPa 
5.6 15.9 4.4-5.7 16.0 2.3-8.1 22.8 3.4-7.3 20.7 

  

 

10. REFERENCES  

10.1 ASTM D7405 (2015): Standard test method for multiple stress creep and recovery 
(MSCR) of asphalt binder using a dynamic shear rheometer. American Society for 
Testing and Materials (ASTM) International. 

10.2 ASTM D7175 (2015): Standard test method for determining the rheological properties 
of asphalt binder using a dynamic shear rheometer. American Society for Testing and 
Materials (ASTM) International. 

10.3 Technician’s manual for specification of asphalt binders: MS-25 (3rd edition). Asphalt 
Institute, 2012. 

10.4 CSIR DSR work instruction: WI-CSIR-BE-LAB-20.36 (2013). 

10.5 A review of the development of the non-recoverable compliance, Jnr, for use in South 
Africa. 2015. 
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PGP5: PROTOCOL FOR THE ACCELERATED AGING OF  
  BITUMINOUS BINDER USING A PRESSURIZED  
  AGING VESSEL (PAV) 

 

 

 

1.  INTRODUCTION 

1.1 As part of the proposed SA bitumen PG grading testing, the first step in this process 

is to develop detailed test protocols to ensure consistent and reliable results 

throughout the industry. This protocol covers the accelerated aging of bituminous 

binder using a pressurized aging vessel (PAV). 

1.2 The PAV will be performed in accordance with ASTM standard test method ASTM 

D6521. 

 

2. TESTING EQUIPMENT 

2.1 PAV test apparatus: Any PAV equipment that fulfils the requirements of ASTM 

D6521. The PAV vessel should be designed to operate at 2.1 ± 0.1 MPa and at a 

temperature of 100 ± 10°C. 

2.2 Pressure controller: A pressure regulating system that can control and maintain the 

pressure inside the vessel to ± 0.02 MPa 

2.3 Temperature controller: A temperature regulating system that can control and 

maintain the temperature inside the vessel to ± 0.5°C. 

2.4 Vacuum degassing oven: Any degassing system that fulfils the requirement of ASTM 

D6521 and is capable of maintaining temperature up to 180°C ± 5°C and absolute 

pressure of 15 ± 1.0 kPa. 

2.5 Balance: A balance to determine the mass of the binder readable to 0.1 g. 

2.6 Oven: An oven that can maintain any temperature up to 168°C to ± 5°C. 

2.7 Stainless steel pans: Cylindrical pans, 140 ± 1 mm in inside diameter, 9.5 ± 1.5  mm 

deep and 0.6 mm metal thickness. 

2.8 Scraping tool: A spatula or similar tool to scrape the binder out of the pans. 

2.9 Container for PAV residue: A container of sufficient size such that when filled with 

PAV residue the depth of the binder is between 15 and 40 mm. 
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3. PREPARATION OF EQUIPMENT 

3.1 Use a spirit level to check the levelness of the sample rack and the PAV instrument. 

3.2 Open the pressure vessel lid by removing all bolts except one using an appropriate 

tool. The last bolt should be loosened enough, so it acts as a pivot, allowing the lid to 

swing open and rest on the lid support block if the equipment has it.   

3.3 Insert the empty pan holder into the pressure vessel and close with the lid by finger-

tightening the bolts in a staggered sequence.  

3.4 Switch the instrument ON.  

3.5 Follow manufacturer’s instructions and select test temperature of 100°C. 

3.6 Follow manufacturer’s instructions for pre-heating the pressure vessel. Check that 

the temperature reaches 100°C ± 0.5°C. 

3.7 Check the air pressure supply before testing to make sure you have sufficient air to 

pressurize the vessel to 2.1 ± 0.1 MPa for the remainder of the test period. Low air 

pressure will result in the test being declared invalid. 

 NOTE 1: Please do not pressurize the vessel as yet at this stage.  

4. SAMPLE PREPARATION 

4.1 Testing should be done on RTFO aged binders. After RTFO ageing samples should 

immediately be prepared for PAV aging.  

4.2 Pour the hot binder from the RTFO bottles (that will be used for PAV ageing) into 

one single preheated container and stir the binder well to ensure homogeneity.  

4.3 PAV ageing should be done straight after the RTFO test without allowing samples to 

cool down.  

 

5. TEST PROCEDURE 

5.1 Place the stainless steel pan on a balance and weigh 50 ± 0.5 g mass of RTFO binder 

to the pans. Multiple pans can be used for one sample. Spread it out as evenly as 

possible (this will yield approximately a 3.2 mm-thick film of binder) 
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5.2 Remove the pan holder out of the pressure vessel, and insert the filled stainless 

steel pan in the pan holder. Fill the unused slots on the pan holder with empty pans. 

CAUTION: The pressure vessel and the specimen holder may be very hot. Use 

protective clothing, heat resistant gloves and protective eyewear to prevent burns. 

5.3  Reinsert the pan holder into the pressure vessel and close the vessel lid and cover. 

5.4 Follow the manufacturer’s instructions to start the test. Apply a pressure of 2.1 ± 0.1 

MPa and time the aging process.  

 NOTE 2: If the temperature or pressure has not reached the desired targets within two hours 

of loading the pan holder, discontinue the procedure and discard the binder samples.  

5.5 Maintain the temperature and air pressure inside the pressure vessel for 20h ± 10 

min.  

 NOTE 3: If the temperature recording device shows that the temperature changed by  more 

than ± 0.5°C for more than a total of one (1) hour during the ageing process (cumulative), 

declare the ageing process invalid and discard the sample.  

 NOTE 4: If the pressure at the end of the PAV test is outside the 2.10 ± 0.1 MPa range, declare 

the ageing process invalid and discard the sample.  

5.6 Once the test is complete, slowly release the internal pressure of the PAV. This 

should be done within 15 minutes. 

 WARNING: Do not open the pressure vessel lid until the pressure is at least 0.15 

MPa or lower. Allow adequate time to release all the pressure from the vessel 

before opening the oven lid and the pressure vessel lid. Any unreleased pressure 

can cause equipment damage and possible personal injury. 

5.7 Open the vessel cover and lid and remove the pan holder from the pressure vessel. 

Use the putty-knife to remove the sample filled pan(s). 

5.8 Place the sample filled pan(s) in an oven set at 168 ± 5°C for 15 ± 1 minute. Stir the 

sample gently to assist in the removal of air bubbles. 

 CAUTION: The pressure vessel and the specimen holder may be very hot. Use 

protective gloves to prevent burns. 
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5.9 If the binder is aged in multiple pans, decant and combine the multiple pans into a 

single container and stir to homogenise the binder. 

5.10 Vacuum Degassing oven – Follow the manufacturer’s instructions to preheat the 

degassing oven until it is stable at 170 ± 5°C. Follow instruction 5.9 above. Select a 

container that will allow the sample to be between 15 to 40 mm in depth. 

   

5.11 Put the container in the degassing oven and start the degassing process. 

5.12 Maintain the pressure at 15 ± 2.5 kPa for 30 ± 1 min. Release the vacuum and 

remove the container 

5.13 If PAV aged tests are not to be performed immediately, cover and store the sample 

appropriately (at low temperatures between 5°C to 15°C) for future testing. 

 CAUTION: The degassing oven and the sample container will be very hot. Use 

protective gloves to prevent burns. 

 

6. CALIBRATIONS 

6.1 Temperature sensors should be verified every six months to within ± 0.5°C of a 

calibrated thermometer. 

6.2  Pressure gauge should be verified every six months to within ± 0.02 MPa of a 

calibrated pressure gauge. 

7. REFERENCE 

7.1 ASTM D6521 (2008): Accelerated aging of asphalt binder using a pressurized aging 

vessel (PAV). American Society for Testing and Materials (ASTM) International. 

7.2 CSIR PAV work instruction: WI-CSIR-BE-LAB-20.39 (2010). 

7.3 Technician’s manual for specification of asphalt binders: MS-25 (3rd edition). Asphalt 

Institute, 2012. 
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PGP6: PROTOCOL FOR STORAGE STABILITY 
 

 

 

1.  INTRODUCTION 

1.1 As part of the proposed SA bitumen PG grading testing, the first step in this process 

is to develop detailed test protocols to ensure consistent and reliable results 

throughout the industry. This protocol covers the storage stability method. 

1.2 The storage stability will be performed in accordance with TG1: Method MB-6 and 

ASTM D7175. 

 

2. TESTING EQUIPMENT 

2.1 Dynamic Shear Rheometer (DSR): Any DSR that fulfils the requirements of ASTM 

D7175. 

2.2 Test Plates: Cylindrical stainless steel metal lower and upper measuring plates of 25 

± 0.05 mm in diameter with a smooth ground surface. 

2.3 Trimming tool: A tool suitable to trim excess binder from the measuring test plates. 

2.4 Specimen mould: Silicon rubber mould for sample preparation of the DSR 

specimens. 

2.5 Materials:  

 Wiping material: paper towel or clean cloth to wipe the measuring test plates 

 Cleaning solvent: solvent to clean the measuring test plate. After cleaning, 

the plate should have no residue.  

NOTE 1: Acetone can be used to remove any residue left from the initial 

cleaning. 

2.6 Oven: An oven that can maintain any temperature up to 260°C ±3°C and can also 

maintain 180°C ±2°C. 

2.7 Hot plate/heating gun: A heating equipment to warm up the trimming tool. 

2.8 Glass tubes: An open ended 300 mm long glass tube with an internal diameter of 

12.5 mm. 

2.9 Cork: A cork with a v-notch cut along its length (capable of withstanding temperatures 

of 185°C) to seal a 12.5 mm diameter tube. 
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2.10  Stand: A stand that will hold the glass tubes vertically in the oven. 

2.11  Glass cutter: To cut the top and bottom of the glass tube. 

 

3. SAMPLE PREPARATION METHOD (STORAGE STABILITY) 

3.1 Prepare the sample according to the sample preparation protocol.  

3.2 Pour the heated sample into the pre-heated glass tube to about 10 mm from the top 

and cover with a v-notch cut cork (see picture below). The v-notch cork acts as a 

breather.  

 

3.3 Place the glass tube in the oven at 180 ± 2°C in a vertical position and leave for three 

days. 

3.4 After three days, remove from oven and leave the glass tube at room temperature to 

cool. 

3.5 Cool the glass tube to about 0°C to be able to cut the tube transversely into three 

equal sections. 

3.6 Prepare the top and bottom section as per sample preparation in 4 below.  

 

4. SAMPLE PREPARATION METHOD (DSR) 

4.1 Heat the top and bottom sample from the storage stability separately until they are 

sufficiently fluid to pour. Stir it well. 

4.2 Pour the hot binder prepared above into a silicon mould and leave to cool at room 

temperature. 
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Recommendation:  A minimum mass of 0.6 g if testing will be conducted using a 25-

mm plate Testing should be completed within 4 hours from the time the sample is 

poured on the mould.  

 

5. PREPARATION OF INSTRUMENT (DSR) 

5.1 Follow manufacturer’s recommendations to prepare the instrument. 

5.2 Inspect the measuring test plates to ensure they have no scratches and/or dents. 

  

BAD GOOD 

5.3 Use a solvent to clean the measuring test plates. 

5.4 Follow manufacturer’s instruction and select the correct workbook for testing the 

following parameters: 

 G*/sinδ     

5.5 Mount the upper measuring test plate to the instrument ensuring that it is aligned 

to the instrument. 



 

41 
 

5.6 Attach the lower measuring test plate to the instrument. Firmly tighten it. 

5.7 Select the testing temperature to be used according to the SA specification. See 

Table 1 below: 

 Table 1: Maximum pavement design temperatures for South Africa 

Maximum pavement design temperature (°C) 

58 64 70 

 

5.8 Use the manufacturer’s instruction to zero the gap at the selected temperature and 

correct gap size. If multiple temperatures are going to be used, zero gap at the 

middle temperature of the temperature range. Use the sample for all temperatures. 

 NOTE 2: Make sure that the correct gap size is selected for the 25-mm measuring plates.  

 25-mm (1-mm gap size) 

 25-mm (2-mm gap size for bitumen rubber) 

 

6. SAMPLE LOADING AND TRIMMING 

6.1 Heat up the bottom measuring plate to loading temperature.  

 Recommendation:  A loading temperature of 70°C is recommended. 

6.2            Take a wide and flat spatula and heat it up with a heating gun or hotplate. Use the 

heated spatula to warm up the upper measuring test plate by attaching the spatula 

to the upper measuring test plate while it is mounted to the instrument. 

6.3 Demould the prepared sample and attach it to the upper measuring test plate and 

lower the upper measuring test plate to trimming position (gap between the plates 

that equals the testing gap plus the gap closure required to create a bulge) –see 

picture below. 
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6.4 Heat up the trimming tool on the hot plate/heating gun (it must be hot enough to be 

able to remove the sample) and use it to trim the excess binder by moving the tool 

around the edges of the plates so that the binder is even with the outer diameter of 

the plates. 

 NOTE 3: Use short movements when trimming and remove small amounts of sample at a 

time. 

6.5 After trimming, lower the upper measuring test plate to the measuring gap position 

to form a slight bulge – see picture below. 

 

7.  TESTING PROCEDURE 

7.1  Test the G*/sinδ of the samples prepared in 6.5 above. 

7.2 When testing at multiple temperatures, start testing from the lowest temperature, 

using the same sample. 

7.3 Condition the sample at the selected starting temperature for ten (10) minutes 

before testing starts (unless thermal equilibrium analysis shows otherwise). 

7.4 Test at a standard frequency of 10 rad/s and target LVE strain value. 

7.5 Obtain measurements of complex modulus (G*). 

 

8. CALCULATIONS 

8.1 Storage stability: G* will be measured at Tmax of both top and bottom sample. Tmax is 

the maximum passing temperature as per the South African specification – see 

 Table 1. 

 [G*HIGH – G*LOW] / G*HIGH  

NOTE 4: The storage stability is determined from the top and bottom of the glass tube. G* 

(measured at Tmax) from either may not always be the highest, therefore the storage 

stability is calculated as the difference in G* (highest minus lowest) divided by the highest 

G* value. 
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9. REPORT 

9.1 Storage stability: % difference in G* at Tmax to one decimal place.  

 

10. DSR CALIBRATIONS AND VERIFICATIONS 

10.1 Temperature verification: follow manufacturers’ recommendations and verify the 

temperatures (include 58°C, 64°C and 70°C) by using a rubber wafer or a dummy test 

specimen every ninety (90) days.  

10.2 Motor adjustment: follow manufacturers’ recommendations and do a motor 

adjustment with the measuring spindles at the correct gap sizes every ninety (90) 

days. 

10.3 External calibration: done by the manufacturer yearly for properties such as 

temperature and torque 

 

11. REFERENCE 

11.1 ASTM D7175 (2015): Determining the rheological properties of asphalt binder using 

a dynamic shear rheometer. 

11.2 Technical guideline (TG1) July 2015: The use of modified bituminous binder in road 

construction (3rd edition). 

11.3 Technician’s manual for specification testing of asphalt binders: MS-25 (3rd edition), 

2012. 

11.4 CSIR DSR work instruction: WI-CSIR-BE-LAB-20.36 (2013). 
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PGP7: PROTOCOL FOR VISCOSITY DETERMINATION OF  
  BITUMINOUS BINDER AT ELEVATED TEMPERA- 
  TURES USING A ROTATIONAL VISCOMETER 

 

 

1.  INTRODUCTION 

1.1 As part of the proposed SA bitumen PG grading testing, the first step in this process is 

to develop detailed test protocols to ensure consistent and reliable results throughout 

the industry. This protocol covers the viscosity determination of bituminous binders 

at elevated temperatures using a rotational viscometer. This excludes filled 

bituminous materials. 

1.2 The viscosity will be performed in accordance with ASTM standard test method 

ASTM D4402 

 

2. TESTING EQUIPMENT 

2.1 Rotational viscometer: Any rotational viscosity equipment that fulfils the 

requirements of ASTM D4402 

2.2 Temperature controller: A temperature controller that can maintain sample 

temperatures to ± 2°C for temperatures between 150 and 260°C. This forms part of 

the equipment. 

2.3 Sample chamber heater: The chamber with a cover for maintaining the binder sample 

at test temperature. 

2.4 Oven: An oven that can maintain any temperature up to 260°C ± 3°C. 

2.5 Balance: A balance to determine the mass of the binder readable to 0.1 g. 

2.6 Measuring geometry: A measuring geometry that will attain the required equipment 

torque specification. For Brookfield Viscometers, use spindle S-21 or spindle S-27.  

2.7 Sample chambers: Reusable or disposable chambers. 

  

3. PREPARATION OF APPARATUS 

3.1 Make sure that the viscometer and chamber heater are levelled as recommended by 

the instrument manufacturer.   
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3.2 Follow manufacturer’s instructions and zero the viscometer before use or as 

needed.  

3. TEST PROCEDURE 

3.1 Switch the instrument ON by following the manufacturer’s operating instructions. 

3.2 Warm the instrument for at least five minutes before you start. 

3.3 Set the temperature controller to desired test temperature (taking into account the 

relevant correction factors). 

3.4 Select the appropriate measuring geometry that will give you a torque between 10 

and 98 % while testing.  

NOTE 1: In the event that the binder type is unknown, select the measuring geometry by 

trial and error. 

NOTE 2: Use the speed (RPM) or shear rate (sec-1) that will give you the highest torque. The 

higher the torque, the more accurate the measurements will be. 

3.5 Warm up the sample holder and the measuring geometry at the testing temperature 

of 165°C for at least 15 min in the viscometer. 

3.6 Add the volume of sample appropriate for the selected measuring geometry and 

sample chamber according to the manufacturer’s manual. 

 NOTE 3: A convenient way of measuring the volume is by weighing out the amount 

calculated from appropriate density data for the sample.  

3.7 Insert the preheated measuring geometry into the sample holder and attach it to 

the viscometer 

3.8 Leave the sample to reach desired temperature within 30 min. Once it reaches 

temperature, leave it to equilibrate for a minimum of 10 min before starting the 

rotation.  

3.9 Start the rotation of the viscometer at a speed (RPM) that will give you a torque 

between 10 and 98 %. Maintain this speed for an additional 5 min. Temperature 

should not change by more than ± 1.0°C during this conditioning period. For 

Brookfield Viscometers: 

 Spindle S-21 – speed has to exceed 32 RPM (bottom left of screen in figure 

below), while remaining within the torque requirements of 10 – 98 % of 

maximum torque (bottom right of screen in figure below). 

 Spindle S-27 – speed has to exceed 88 RPM, while remaining within the torque 

requirements of 10 – 98 % of maximum torque. 
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3.10 After conditioning, measure the torque and the viscosity at 1 min interval for a 
minimum of three minutes or until the reading is stable. 

 NOTE 4: Use a fresh sample for each new test. 
 NOTE 5: Decrease the speed (RPM) if the torque reading is above 98 %.  
 

4. CALCULATIONS 

4.1 If the viscometer displays the viscosity readings in centipoise (cP), multiply the 

viscosity reading by 0.001 to convert to pascal seconds (Pa.s). 

4.2 Calculate the average of the three readings. 

5.  REPORT  

5.1  Report the test temperature, °C. 

5.2 Report the viscosity of the highest torque in pascal seconds (Pa.s) to the nearest 

0.001. 

5.3 In the case where a stable reading could not be achieved, report the viscosity range 

of the three readings. 

5.4 Report the speed (RPM) or shear rate (sec-1), torque (%) and state the measuring 

geometry. 

6.  CALIBRATIONS AND VERIFICATIONS 

6.1 The unit shall be externally calibrated at least once a year for torque, speed and 

temperature (including 165°C). 

6.2 Use a reference sample of known viscosity every three (3) months to verify the 

accuracy of the viscometer at various temperatures. The measured viscosity should 
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be within the ±2% of the certified value. Make sure there is an overlap between 

verification temperatures and calibrated temperatures. 

 NOTE 6: The frequency of verification can be reduced with enough data. 

7. PRECISION AND BIAS 

7.1 Data for the determination of single- and multiple-operator precision performed at 

the CSIR is presented in Table 1. 

Table 1: Single and multiple operator precision 

Material Properties Modified Bitumen (SBS)   (165ºC) 

Operator 1 

Result #1 0.391 

Result #2 0.387 

Result #3 0.382 

Result #4 0.385 

Result #5 0.383 

Average for Operator 1 0.386 

Standard deviation for Operator 1 0.004 

Coefficient of Variation for Operator 1 0.93% 

Operator 2  

Result #1 0.374 

Result #2 0.377 

Result #3 0.374 

Result #4 0.382 

Result #5 0.372 

Average for Operator 2 0.376 

Standard deviation for Operator 2 0.004 

Coefficient of Variation for Operator 2 1.0% 

 

Multi-operator Average 0.381 

Multi-operator Standard deviation 0.006 

Multi-operator Coefficient of Variation 1.6% 
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8.  REFERENCES 

8.1 ASTM D4402 (2015): Viscosity determination of asphalt at elevated temperatures 

using a rotational viscometer. American Society for Testing and Materials (ASTM) 

International. 

8.2 CSIR viscosity work instruction: WI-CSIR-BE-LAB-20.34 (2011) 

8.3 Technician’s manual for specification of asphalt binders: MS-25 (3rd edition). Asphalt 

Institute, 2012. 

8.4 CSIR protocol for viscosity determination of unfilled asphalt using a rotational 

viscometer. CSIR report GWDMS:180013 (2009).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

49 
 

 

 

PROTOCOLS FOR 

ADVANCED 

TESTING OF 

ASPHALT MIX IN 

SOUTH AFRICA 

(ASP) 
 



 

50 
 

ASP1: PROTOCOL FOR THE COMPACTION OF ASPHALT  

  SPECIMENS IN THE GYRATORY COMPACTOR  

 

1. INTRODUCTION  

This test protocol describes a procedure for the preparation and compaction of asphalt 

specimens for asphalt mix design including moisture sensitivity test, and three performance 

property tests namely; dynamic modulus, Hamburg wheel tracking, and permeability.   

2. NORMATIVE REFERENCES1 

 SABITA MANUAL 35/TRH8, Design and use of asphalt in road pavements. 

 SANS 3001-AS10, Determination of bulk density and void content of compacted asphalt. 

 SANS 3001-AS11, Determination of the maximum void-less density of asphalt mixes and the 

quantity of binder absorbed by the aggregate.   

 SANS 1649, Non-automatic self-indicating, semi-self-indicating and non-self-indicating 

weighing instruments with denominated verification scale intervals. 

 TMH 5, Sampling methods for roads construction materials.  

 TRH 21, Recycled Asphalt.  

 AASHTO PP 60, Standard practice for preparation of cylindrical performance test specimens 

using the Superpave gyratory compactor (SGC). 

 AASHTO T 312, Preparing and determining the density of hot mix asphalt specimens by means 

of the Superpave gyratory compactor.   

 AASHTO R 30, Mixture conditioning of hot mix asphalt (HMA). 

 

3. DEFINITIONS AND ABBREVIATIONS 

BD bulk density of compacted mix  

MVD maximum void-less density of loose asphalt mix 

RA reclaimed asphalt 

Asphalt  mixture of aggregate, mineral filler and bituminous binder 

                                                           
1 Current versions of the standard test methods are to be used in this protocol.  
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Constant mass less than 0.1% change in mass after two successive (more than 1 h) 

periods of oven-drying 

Ndesign  number of gyrations at which the air voids content equal to 4 

percent 

Angle of gyration the compaction angle of the SGC 

Rate of gyration a constant speed of 30 revolutions per minute at which the base of 

the SGC is rotated during compaction 

Riffle splitting of a sample to an acceptable size in a manner that keeps 

the portions as representative as possible 

Tare to reset a balance reading to zero so that it excludes the mass of 

the container 

RA Recycled asphalt 

TMH Technical manual for highways 

TRH Technical Recommendation for Highways 
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4. APPARATUS 

 Test apparatus required in the preparation of asphalt mixes includes the following: 

 Gyratory compactor,  compaction mould of steel with inside diameter of 150 ± 0.1 mm, and 

base plate conforming to the requirements of AASHTO T 312 or AASHTO PP 60.   

 Thermostatically-controlled forced ventilation oven for heating binder, aggregates, and 

apparatus, and capable of attaining a temperature of 200°C. 

 A riffler with 28 mm slots. 

 Flat-bottom metal pans for heating aggregates 

 Metal dishes (mixing bowl), of capacity 10 kg, for mixing binder and aggregate. 

 Scoop for batching aggregates. 

 Containers, i.e. tins, beakers, or pouring pots, for heating binder. 

 Electronic scale complying with SANS 1649, reading to 0.1 g, capable of weighing 10 kg sample 

(binder, aggregates) and compacted specimens. 

 Metal spike thermometer, 10°C to 250°C in two degree divisions, for determining temperature 

of binder, aggregates, and asphalt mixes.  

 Mechanical mixer, of capacity at least 10 kg, equipped with metal mixing bowls. 

 Large mixing spoon or small trowel. 

 Large metal spatula. 

 Wide-mouthed funnel. 

 Welders gloves for handling hot equipment. 

 Paper disks, 150 mm, for compaction. 

 Paint, markers, or crayons, for identifying test specimens. 

 Table fan for cooling compacted specimens. 

 

5. EQUIPMENT VERIFICATION / CALIBRATION 

 Items requiring periodic verification/calibration include: 

 Stress of the loading ram  verify that the vertical stress is 600 ±18 kPa.  

 Angle of gyration  verify that the internal angle of gyration is 1.16 ± 0.02°. 

 Gyration frequency  the rate of gyration should be 30 gyrations/min.   

 Others  oven temperatures, and thermometer.   

 

6. SAMPLE PREPARATION  

6.1 Aggregate preparation 

6.1.1 Dry the aggregates including RA for approximately 16 h (preferably, overnight) in an oven at 

 a temperature of approximately 110°C to a constant mass.  

6.1.2 Riffle out each aggregate fraction.  

6.1.3 Determine the particle size distribution of each fraction of aggregate and any RA intended for 

 use in the mix in accordance with SANS 3001-AG1. 
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6.1.4 Calculate the mass of each aggregate fraction required to constitute the mix, and the mass of 

 each aggregate fraction required per specimen (section 9.1).  

 Estimated mass required to produce a gyratory specimen of mass 4 500 g compacted to a 

 standard height of 115 mm, and at the target voids of 4% (for mix design) can be expressed as 

 follows:  

𝑴𝑻 = 𝟓𝟎𝟓𝟓 − 𝟑𝟓𝟓 ×
𝑽𝑰𝑴𝒕

𝑽𝑰𝑴𝒔
 

𝑴𝑻 = estimated mass of mixture required to produce a compacted specimen with a target air 

void content of 𝑽𝑰𝑴𝒕, g 

𝑽𝑰𝑴𝒕 = target voids in the mix, % 

𝑽𝑰𝑴𝒔 = specimen voids produced with a compacted specimen mass of 𝑴𝒔 ,% 

Similarly, the estimated mass required to produce a compacted specimen of mass 6 650 g to 

a standard height of 170 mm, and at the target voids of 7% (for dynamic modulus testing) can 

be expressed as follows:  

𝑴𝑻 = 𝟕𝟏𝟕𝟓 − 𝟓𝟐𝟓 ×
𝑽𝑰𝑴𝒕

𝑽𝑰𝑴𝒔
 

 

6.1.5 Weigh each fraction of aggregate according to the mix design to produce a specimen. Mineral 

 filler, if required is not added to the aggregate at this stage. 

 

6.2 Heating and mixing of the binder and aggregate 

6.2.1 For unmodified binders, determine the mixing and compaction temperatures using a plot of 

 viscosity versus temperature (mixing and compaction temperature corresponding with binder 

 viscosity of 0.17 ± 0.02 Pa.S and 0.28 ± 0.03, respectively). When modified binders are used 

 the value of the mixing and compaction temperatures should be obtained from the supplier.  

6.2.2 Place dishes (mixing bowl) containing the aggregates in an oven set approximately 25°C above 

 the required mixing temperature.  Two to four hours are required for the aggregates to reach 

 the mixing temperature, heat all mixing apparatus.   

6.2.3 Heat the binder (unmodified) to the desired mixing temperature for 3 to 5 h. Do not use 

 hotplate to heat the binder, and avoid reheating of the binder. Heat modified binder as per 

 TG 1.  

6.2.4 When the aggregates and binder have reached the mixing temperature, place the mixing bowl 

 on the scale and zero the scale.   

6.2.5 Form a “crater” in the blended aggregate and add the required amount of binder into the 

 mixture to achieve the desired mass of a batch /specimen. Add the mineral filler, if it is 

 required by the design, at this stage. 
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6.2.6 Mix the binder and aggregate using the mechanical mixer until the aggregate is thoroughly 

 coated. 

 Table 1: Mixing and compaction temperatures (Manual 35 / TRH 8) 

Mix type Binder type2 

Mixing 

temperature  [°C] 

Compaction 

temperature  [°C] 

Sand skeleton3  

Pen grade (50/70) 150 135 

AP-1 155 145 

AE-2 160 145 

Stone skeleton4  

Pen grade (35/50) 150 140 

AE-2 160 145 

AP-1 165 142 

AR-1 170 145 

 

6.3 Samples containing reclaimed asphalt 

6.3.1 Determine the design proportions of the virgin aggregates to RA before the procedure is 

 started and calculate the relative masses required.  

6.3.2 Prepare the virgin aggregate, RA and binder as described in 6.1 and 6.2. 

6.3.3 Determine the combine penetration of RA and binder by estimating the value as described in 

 TRH 21. 

                                                           
2 These mixing and compaction temperatures may not necessarily be the optimum values for all modified binders; the 

manufacturer’s recommendation should be followed. Once a PG specification for bituminous binders is introduced, table 1 

would require revision. 

3 Gap-graded, medium/fine continuously graded asphalt. 

4 Coarse continuously graded, SMA, ultra-thin friction courses, and porous asphalt. 
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6.3.4 Establish from table 1 the target mixing and compaction temperatures based on the combined 

 penetration value.  

6.3.5 Heat the combined virgin aggregate and RA to 25°C above the required mixing temperature. 

6.3.6 Prepare and heat binder as described in 6.2. 

6.3.7 Add the mineral filler if required by the design to the virgin aggregate, RA, mixing it rapidly. 

6.3.8 Repeat 6.2.4 to 6.2.6.  

   Table 2: Percentage RA versus mixing time (TRH 21) 

RA in mix 

(%) 

Mixing time 

(min) 

< 15 5 

15 to 30 7 

> 30 8 

 

6.4 Ageing 

6.4.1 Age the mix at the compaction temperature before compaction takes place.  

6.4.2 Place the asphalt mix in a flat shallow pan at an even thickness, and place the pan in the forced 

 draft oven at compaction temperature.   

6.4.3 Age mix design samples for 2 h ± 5 min in accordance with the short-term oven ageing 

 procedure in AASHTO R 305.  

6.5 Field loose asphalt mix samples6 

6.5.1 Measure and record the temperature of the sample on arrival at the Lab if sampled from the 

 field.  

6.5.2 Check whether the temperature of the mix is within the limits for compaction. 

6.5.3 Proceed immediately with compaction (section 7). 

Note 1: Loose sample (asphalt mixture) should remain uncompacted for the maximum voidless density test.  

Note 2: Specimen used for mix design only requires loose mixture to prepare a specimen of 115 ± 5 mm in 

height (Level IB mix design, Sabita Manual 35 / TRH 8).  

Note 3: Specimen used for moisture damage testing (modified Lottman) requires loose mixture to prepare a 

specimen of 63.5 ±2. 5 mm in height. The sample dimensions should meet requirements of Sabita Manual 35 

/ TRH 8. 

                                                           
5 Samples for mix performance property testing are to be aged for 4 h ± 5 min before compaction.   

6 When the sample temperature has fallen below the compaction temperature, the sample should be reheated. Samples 

containing unmodified binder are to be placed in an oven for 30 min to bring it up to the compaction temperature. Samples 

containing modified binder will need longer time (1 h) to be reheated. Reheat cold sample that has been left to cool 

overnight to maximum of 5 h.  
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Note 4: Specimen used for Hamburg wheel tracking rutting testing requires specimen height of 60 ± 1 mm 

(ensure that specimen height is at least twice the nominal maximum aggregate size).  

Note 5: Specimen used for dynamic modulus performance testing requires loose mixture to prepare a specimen 

of 170 mm ± 5 mm in height (Level II and Level III mix design, Sabita Manual 35 / TRH 8). 

Note 6: Reheated material should not be used for performance property testing (i.e. dynamic modulus, rutting, 

moisture damage, etc.). 

 

7. COMPACTING THE SPECIMEN 

7.1 Turn on the power to the gyratory compactor for the warm up period recommended by the

 manufacturer.  

7.2 Set up the gyratory compactor while the asphalt mixture is short term ageing. This includes 

 verification of compaction stress, making sure the angle and number of gyrations are set to 

 their required values, and software is functioning. 

7.3 Before compaction of the first specimen place the compaction mould and base plate, wide-

 mouth funnel, and spatula in the oven set at the compaction temperature. 

7.4 Remove the mixture from the oven after short-term ageing.  

7.5 Measure the temperature of the mix to ensure that it is within the compaction temperature7.  

7.6 Set the gyratory compactor (software) to a vertical stress of 600 kPa. 

7.7 Select total gyrations to termination in the software and input the required value as per Sabita 

 Manual 35 / TRH 8 when compacting specimens for mix design. For performance testing, put 

 the desired height of specimen into the software.  

7.8 Set the angle of gyration at 1.25°. 

7.9 Remove the mould and base plate from the oven and wipe the inside lightly with a damp rag 

 moistened with releasing agent. 

7.10 Place the base plate in the mould and place a paper disk on top of the base plate. 

7.11 Mix the entire aged asphalt mixture to be compacted with a heated spoon and then carefully 

 put the sample in the wide-mouthed funnel.   

7.12 Place the loose asphalt mixture (aged sample) in the mould in a single lift, the top of the 

 sample should be slightly rounded. 

7.13 Place a paper disk on top of the mixture.   

7.14 Lubricate the loading ram head (apply grease to bottom of ram head).  

7.15 Place the mould and content in the compactor and centred under the loading ram. 

7.16 Lower and lock the mould in the compactor.  

                                                           
7 If the temperature of the mix is less than the compaction temperature, place the mixture in another oven for not more 

than 30 minutes until it reaches the desired compaction temperature.  If the temperature of the mix is greater than the 

compaction temperature, place the mixture at room temperature until the desired compaction temperature is reached. 
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7.17 “Start” the gyratory compactor to begin the compaction process. 

7.18 When the specified number of gyrations (or height) has been reached, the gyratory compactor 

 automatically stops, angle and stress are released and the loading ram will be raised. 

7.19 Remove the mould containing compacted specimen. 

7.20 Cool the mould for a suitable period of 5 to 10 min to facilitate specimen removal without 

 undue distortion. 

7.21 Extrude the specimen from the mould.  

7.22 Remove the paper disk from top and bottom of the specimen and allow the specimen to cool 

 undisturbed. 

7.23 Identify specimen with a suitable marker. 

7.24 Allow specimens to sit at room temperature overnight before further testing (i.e. bulk density, 

 performance property testing, etc.). 

 

Note 7: The inside of the gyratory mould should be cleaned with a solvent (releasing agent) at the end of each 

day to avoid asphalt build-up. This is easiest when the mould is hot.   

Note 8: Avoid loss of material and segregation of coated aggregates while placing the mixture into the mould.  

Note 9: Compact all the specimens at approximately the same temperature to improve consistency of the test 

results (high variations in the compaction temperature could introduce variations in the density and 

engineering property results).    

Note 10: As the gyratory compactor is running, keep an eye on the gyrations, stress, and angle.  

Note 11: Most specimens can be removed immediately after compaction, but some asphalt mixes may require 

a 5 to 10 min cooling period before they can be removed without distortion. 

Note 12: When moving the mould, firmly grasp it on either side under the upper flange. 

 

8. SPECIMEN DENSITY 

8.1 Measure the maximum voidless density of loose asphalt mix samples in accordance with SANS 

 3001-AS11. 

8.2 Determine the bulk density for each specimen in accordance with SANS 3001-AS10. This test 

 is done after the specimen has cooled to room temperature.  
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9. CALCULATIONS  

9.1 The following sections may be referenced for the calculation of amount of aggregate materials 

 and binder for gyratory compacted specimens: 

   Assume the following aggregate fractions: 

Material Blend percentage 

14 mm aggregate 50% 

7.1 mm aggregate 20% 

Crusher dust 25% 

Mineral filler 5% 

 

9.1.1 If the mass of blend of aggregates required for preparation of a mixture is 6 800 g. Then, the 

 amount of material batched for one gyratory compacted specimen is shown below: 

13.2 mm aggregate 50% x 6 800  = 3 400 g 

6.7 mm aggregate 20% x 6 800  = 1 360 g 

Crusher dust 25% x 6 800  = 1 700 g 

Mineral filler 5% x 6 800  = 340 g 

Total  = 6 800 g 
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9.1.2 The quantity of binder required for the specimen may also be calculated as follows: 

𝑀𝐵 = (
𝑀𝐴 × 𝑃𝐵

100 − 𝑃𝐵
) 

Where 

 𝑀𝐵 is the mass of binder required for one specimen, expressed in grams (g) 

𝑀𝐴 is the mass of aggregate required for one specimen, expressed in grams (g) 

𝑃𝐵 is the percentage of binder, expressed as a percentage of total mix 

9.1.3 Calculating the adjustment of the specimen mass  

If the gyratory specimen does not compact to the specified height, then use the following 

equation to correct the amount of material to put in the mould.  

𝑀𝐴𝐷𝐽 = (
ℎ𝐴 × 𝑀1

ℎ𝐵
) 

Where 

𝑀𝐴𝐷𝐽 is the adjusted mass of material for the next specimen, expressed in grams (g)  

ℎ𝐴 is the required height of the specimen, expressed in millimetres (mm) 

𝑀1 is the mass of the compacted specimen, expressed in grams (g) 

ℎ𝐵 Is the specimen height obtained, expressed in millimetres (mm) 

 

9.2 Changes in specimen density  

Results of height measurements taken during compaction are used to calculate changes in 

specimen density expressed as a percent of the maximum voidless density (MVD %). A plot is 

usually made of the percent MVD versus the log of number of gyrations. 

9.3 At the completion of the bulk density, determine the percent compaction (% MVD) at any 

 point in the compaction process as follows: 

% 𝑀𝑉𝐷 = (
𝐵𝐷 × ℎ𝑚

𝑀𝑉𝐷 × ℎ𝑥
) × 100 

Where 

% 𝑀𝑉𝐷 is corrected relative density expressed as a percentage of the the maximum voidless density 

𝐵𝐷 is bulk density of the extruded specimen 

𝑀𝑉𝐷 is the maximum voidless density of the mix  

ℎ𝑚  is height in millimetres of the extruded specimen  

ℎ𝑥 is height in millimetres of the specimen after "x" gyrations  
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10. REPORTING    

 Report on the following where appropriate:  

 type of bituminous material, source and content  

 percent binder in specimen, nearest 0.1 percent  

 average diameter of compacted specimens, nearest 1.0 mm 

 mass of specimen, nearest 0.1 g 

 percent maximum voidless density (% MVD) 

 period of reheating of the sample if re-heating was necessary 

 temperature of each specimen before compaction 

 compacted bulk density of the specimen 
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ASP2: PROTOCOL FOR DETERMINING FATIGUE   
  CHARACTERISTICS OF ASPHALT MIX IN THE FOUR-
  POINT BEAM DEVICE   

 

1. INTRODUCTION  

This protocol covers procedures for testing the fatigue life of asphalt mixes using the four-

point beam testing device. Test results provide asphalt parameters that can be used to predict 

the number of load repetitions to fatigue cracking as a function of the tensile strain and mix 

stiffness.  

2. NORMATIVE REFERENCES8 

 SABITA MANUAL 35/TRH8: Design and use of asphalt in road pavements.  

 SANS 3001-AS10, Determination of bulk density and void content of compacted asphalt. 

 TMH5, Sampling methods for roads construction materials.  

 SANS 3001-AS11, Determination of the maximum void-less density of asphalt mixes and the 

quantity of binder absorbed by the aggregate.  

 AASHTO T321, Standard method of test for determining the fatigue life of compacted hot-mix 

asphalt subjected to repeated flexural bending. 

3. DEFINITIONS AND ABBREVIATIONS 

BD bulk density of compacted mix 

Constant mass less than 0.1% change in mass after two successive (more than 1 h) periods of 

oven-drying 

Laboratory-produced  

specimen 

rectangular prismatic specimen prepared from slab compacted samples 

LVDT linear variable displacement transducer 

MVD maximum void-less density of loose asphalt mix 

                                                           
8 Current versions of the standard test methods are to be used in this protocol.  
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Point of failure indicated by the number of load repetitions to reduce the stiffness of the 

specimen to 50 percent of its initial value 

RA Recycled asphalt 

TMH Technical manual for highways 

TRH Technical Recommendation for Highways 

 

4. APPARATUS 

Four-point bending testing device, multi-axis data acquisition and control system, and a 

beam cradle system.  

 A temperature-controlled chamber capable of maintaining temperatures from 0 to 20°C 

to an accuracy of ± 0.5°C.  

 Measurement system that is fully computer controlled and capable of measuring and 

recording the time history of the applied load (with an electronic load cell), and 

deflections measured with LVDT.  

 Mechanical mixer, of capacity at least 20 kg, equipped with metal mixing bowls. 

 A slab compactor (e.g. Dyna-Comp roller asphalt compactor). 

 A machine for cutting/sawing beam specimen ends to the appropriate length. A 

diamond circular saw is preferred.  

 Electronic scale complying with SANS 1649, reading to 0.1 g, capable of weighing 10 kg 

sample (binder, aggregates) and compacted beams. 

 Thermostatically-controlled forced ventilation oven for heating binder, aggregates, and 

apparatus, and capable of attaining a temperature of 200°C. 

 Metal spike thermometer, 10°C to 250°C in two degree divisions, for determining 

temperature of binder, aggregates, and asphalt mixes.  

 Metal pans, of capacity 20 kg, for mixing binder and aggregate. 

 Large metal spatula. 

 Welders gloves for handling hot equipment. 

 Paint, markers, or crayons, for identifying beam specimens. 

 Table fan for cooling compacted slabs. 

 

5. EQUIPMENT VERIFICATION / CALIBRATION 

Verify the capability of the environmental chamber to maintain the required temperature 

within the accuracy specified by manufacturer. 

Verify the calibration of load cell and LVDT device of the testing system within manufacturer’s 

recommendations.  
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If verification data do not comply with manufacturer’s specification, re-calibrate prior to 

proceeding with testing. 

6. SAMPLE PREPARATION 

6.1 Aggregate preparation 

6.1.1 Dry the aggregates including RA for approximately 16 h (preferably, overnight) in an oven at 

 a temperature of approximately 110°C to a constant mass.  

6.1.2 Riffle out each aggregate fraction.  

6.1.3 Determine the particle size distribution of each fraction of aggregate and any RA intended 

 for use in the mix in accordance with SANS 3001-AG1. 

6.1.4 Calculate the mass of each aggregate fraction required to constitute the mix, and the mass 

 of each aggregate fraction required for a slab (section 8.1).  

Use the formula BD = M/V. Where, BD = bulk density determined using SANS 3001 AS10, M = 

mass (kg) and V = volume (m³).  

Assume a BD of 2.359, a volume of 0.0072 m³ (based on slab length = 400 mm, width = 300 

mm, thickness = 60 mm), and binder content of 5%: 

The required mass of the asphalt mixture would be equal to 2.359 x .0072 x = 16, 985 kg. The 

mass of binder is thus, 849 g and total mass of aggregates including the mineral filler is 

16 985 - 849 = 16 136 kg. 

6.1.5 Weigh each fraction of aggregate according to the mix design to produce a slab. Mineral 

 filler, if required is not added to the aggregate at this stage. 

 

6.2 Heating and mixing of the binder and aggregate 

6.2.1 For unmodified binders, determine the mixing and compaction temperatures using a plot of 

 viscosity versus temperature (mixing and compaction temperature corresponding with 

 binder viscosity of 0.17 ± 0.02 Pa.S and 0.28 ± 0.03, respectively). When modified binders 

 are used the value of the mixing and compaction temperatures should be obtained from the 

 supplier.  

6.2.2 Place dishes (mixing bowl) containing the aggregates in an oven set approximately 25°C above 

 the required mixing temperature.  Two to four hours are required for the aggregates to reach 

 the mixing temperature, heat all mixing apparatus.   

6.2.3 Heat the binder (unmodified) to the desired mixing temperature for 3 to 5 h. Do not use 

 hotplate to heat the binder, and avoid reheating of the binder. Heat modified binder as per 

 TG 1.  

6.2.4 When the aggregates and binder have reached the mixing temperature, place the mixing bowl 

 on the scale and zero the scale.   

6.2.5 Form a “crater” in the blended aggregate and add the required amount of binder into the 

 mixture to achieve the desired mass of a slab. Add the mineral filler, if it is required by the 

 design, to the aggregate. 
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6.2.6 Mix the binder and aggregate using the mechanical mixer until the aggregate is thoroughly 

 coated. 

Table 1: Mixing and compaction temperatures (Manual 35 / TRH 8) 

Mix type Binder type9 

Mixing 

temperature  [°C] 

Compaction 

temperature  [°C] 

Sand skeleton10  

Pen grade (50/70) 150 135 

AP-1 155 145 

AE-2 160 145 

Stone skeleton11  

Pen grade (35/50) 150 140 

AE-2 160 145 

AP-1 165 142 

AR-1 170 145 

 

6.3 Samples containing reclaimed asphalt 

6.3.1 Determine the design proportions of the virgin aggregates to RA before the procedure is 

 started and calculate the relative masses required.  

6.3.2 Prepare the virgin aggregate, RA and binder as described in 6.1 and 6.2. 

6.3.3 Determine the combine penetration of RA and binder by estimating the value as described in 

 TRH 21. 

                                                           
9 These mixing and compaction temperatures may not necessarily be the optimum values for all modified binders; the 

manufacturer’s recommendation should be followed. Once a PG specification for bituminous binders is introduced, table 1 

would require revision. 

10 Gap-graded, medium/fine continuously graded asphalt. 

11 Coarse continuously graded, SMA, ultra-thin friction courses, and porous asphalt. 
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6.3.4 Establish from table 1 the target mixing and compaction temperatures based on the combined 

 penetration value.  

6.3.5 Heat the combined virgin aggregate and RA to 25°C above the required mixing temperature. 

6.3.6 Prepare and heat binder as described in 6.2. 

6.3.7 Add the mineral filler if required by the design to the virgin aggregate, RA, mixing it rapidly. 

6.3.8 Repeat 6.2.4 to 6.2.6.  

Table 2: Percentage RA versus mixing time 

RA in mix 

(%) 

Mixing time 

(min) 

< 15 5 

15 to 30 7 

> 30 8 

 

6.4 Ageing 

6.4.1 Age the mix at the compaction temperature before compaction takes place.  

6.4.2 Place the asphalt mix in a flat shallow pan at an even thickness, and place the pan in the forced 

 draft oven at compaction temperature.   

6.4.3 Age mix design samples for 2 h ± 5 min in accordance with the short-term oven ageing 

 procedure in AASHTO R 3012.  

 

6.5 Field loose asphalt mix samples13 

6.5.1 Measure and record the temperature of the sample on arrival at the Lab if sampled from the 

 field.  

6.5.2 Check whether the temperature of the mix is within the limits for compaction. 

6.5.3 Proceed immediately with compaction (section 6.6). 

 

6.6 Production of the slab compacted samples 

6.6.1 Heat all components of the slab mould in the oven set at the compaction temperature. 

                                                           
12 Samples are to be aged for 4 h ± 5 min before compaction.   
13 When the sample temperature has fallen below the compaction temperature, the sample should be reheated. Samples 

containing unmodified binder are to be placed in an oven for 30 min to bring it up to the compaction temperature. 

Samples containing modified binder will need longer time (1 h) to be reheated. Reheat cold sample that has been left to 

cool overnight to maximum of 5 h.  
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6.6.2 Input the “mass” and final “thickness” of the sample (normally 60 mm) in the software of the 

 slab compactor.  

6.6.3 Load the mould with the asphalt mix onto the slab compactor and fixed it in position.  

6.6.4 Turn on the machine to start compaction (this is done automatically).  

6.6.5 Remove the sample from the compactor when compaction is complete, and allow sample to 

 cool down overnight. 

6.6.6 Cut beam specimens of dimensions 400 x 65 x 50 mm (length x width x thickness) from the 

 compacted slabs for the fatigue testing. All dimensions should be within ± 1 mm.  

6.6.7 Cut all faces of beam specimens using a diamond circular saw.  

6.7 Dry beam specimens to a constant mass in air. Specimens are dried at the temperature of 20 

 ± 1°C for at least 24 h.  

6.8 Determine densities of the specimen in accordance with SANS 3001-AS10 and SANS 3001-

 AS11. 

6.9 Calculate the air void content of the specimen. The voids content for the specimen must be 

 equal to design voids (± 0.5%), except for porous asphalt mixes. Beams cut from the road (field 

 samples) are tested at the air void content at which they are obtained.   

6.10 Allow specimens to stand at the temperature of 20 ± 1°C for a minimum of 24 h14.  

 

6.11 Storage 

6.11.1 If specimen will not be tested within 24 h, store in an environmentally protected 

 storage area at 80% humidity and temperature not more than of 20 ± 1°C until masses taken 

 4 hours apart are constant.   

6.11.2 Place specimens on flat and clean surfaces or on supports during the storage period.  

6.11.3 Do not stack specimens on top of each other in storage. If samples will be stored for between 

 1-2 weeks, then room temperature is adequate.  

Note 1: Size of compacted slab should be such that at least three beam specimens can be cut and trimmed 

from it. Record the length, width and thickness of the beam at three different points to an accuracy of 0.1mm.  

Note 2: Minimum of three duplicate beam specimens are prepared and tested at the design voids and design 

binder content for each strain level and temperature. 

 

7. TESTING OF BEAM SPECIMEN 

7.1 Set up the four-point beam testing device, the data acquisition and control system. 

7.2 For Level II mix design, conduct the fatigue test at one test temperature of 10°C and a loading 

 frequency of 10 Hz, at three specified strain levels to generate fatigue curve for the mix.  For 

                                                           
14 Sample sitting time – specimens should be consistently tested in a similar time period. 
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 Level III mix design, conduct the test at three temperatures15 of 5, 10 and 20°C at 10 Hz, and 

 three specified strain levels to generate fatigue curves for the mix.  

7.3 Place the beam specimen in the environmental chamber (figure 1a), allowing it to equilibrate 

 to the specified testing temperature ± 0.5°C.  

7.4 Lower the actuator and slide the beam into the test fixture allowing it to rest on the two outer 

 clamps – fasten the outer clamps.  

7.5 Slowly raise the actuator until the load cell readout registers and contact load – clamp the two 

 inner clamps. When clamped slowly move the actuator until zero load is measured.  

7.6 Adjust to LVDT to zero. By hand feel each clamp is tight. 

7.7 Input the desired strain in the software program. Set the loading frequency at 10 Hz and a 

 sinusoidal load wave.  

7.8 Set up appropriate testing conditions.  

7.9 Set the software to terminate the test when the initial stiffness at the first 50 repetitions 

 decreases to 50 percent in magnitude or when a pre-set number of repetitions is reached. 

7.10 Close the environmental chamber, allowing about 30 minutes for the test temperature to 

 equalize. During this time the on-specimen LVDT may need re-adjustment 

7.11 Start the test in a controlled-strain mode, applying a continuous sinusoidal strain waveform 

 to the specimen (figure 2). Three repeat tests should be conducted on all samples at each 

 strain level.   

7.12 Fatigue life of the mix is defined as the load cycle at which the specimen reaches 50% 

 reduction in flexural stiffness relative to the initial stiffness. 

                                                           
15For each test temperature, conduct fatigue testing at the following strain levels: 5°C (200, 300, 400, & 500 
microstrain); 10°C (l300, 300, 400, 500 & 600 microstrain); 20°C (400, 500, 600 & 700 microstrain) to develop 
fatigue curves (if required).     
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(a) temperature controlled chamber  (b) four-point beam fatigue cradle  

Figure 1: Test specimens in a four-point beam fatigue set-up 

Note 3: Specimen dimensions are critical to the beam tensile stress and strain computations. Ensure that 

average of three measurements of length, width, and thickness are recorded in the software before testing.  

 

8. CALCULATIONS  

8.1 The following sections may be referenced for the calculation of amount of aggregate materials 

 and binder for compacted slab. 

 Assume the following aggregate fractions: 

Material Blend percentage 

14 mm aggregate 50% 

7.1 mm aggregate 20% 

Crusher dust 25% 

Mineral filler 5% 
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8.1.1 If the mass of blend of aggregates required for preparation of a mixture is 16 000 g. Then, 

 the amount of material batched for one slab is shown below: 

13.2 mm aggregate 50% x 16 000  = 8 000 g 

6.7 mm aggregate 20% x 16 000  = 3 200 g 

Crusher dust 25% x 16 000  = 4 000 g 

Mineral filler 5% x 16 000  = 800 g 

Total  = 16 000 g 

8.1.2 The quantity of binder required for the slab may also be calculated as follows: 

𝑀𝐵 = (
𝑀𝐴 × 𝑃𝐵

100 − 𝑃𝐵
) 

Where 

 𝑀𝐵 is the mass of binder required for one slab, expressed in grams (g) 
𝑀𝐴 is the mass of aggregate required for one slab, expressed in grams (g) 
𝑃𝐵 is the percentage of binder, expressed as a percentage of total mix 
 

8.2 Fatigue test results are presented in the plot of applied strain versus the corresponding 

 number of load cycles to failure (S-N curves on a log-log scale) as shown in figure 2.  

 

Figure 2: Typical beam fatigue test results  
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9. REPORTING 

Report on the following for each test: 

 Asphalt sample /materials information  

 Sample preparation (Lab, plant or field) 

 Mix design properties  

 Voids content for beam specimen, average and standard deviations for replicate beams  

 final flexural stiffness 

 number of cycles to failure 

 Test temperature 

 Strain levels 

 Fatigue life curve, if requested 
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ASP3: PROTOCOL FOR DETERMINING THE DYNAMIC  
  MODULUS PROPERTIES OF COMPACTED ASPHALT 
  MIXES 

 

1. INTRODUCTION 

This protocol describes procedures for testing the dynamic modulus of asphalt mixes. The 

protocol provides a detailed experimental design to establish the dynamic modulus of 

compacted asphalt mixes. Dynamic modulus property is used for the resilient response 

characterisation of asphalt materials in the South African Pavement Design System 

(SARDS).  

 

2. NORMATIVE REFERENCES16 

 Sabita-ASP1, Protocol for the compaction of asphalt specimens in the gyratory compactor. 

 Sabita Manual 35/TRH8: Design and use of asphalt in road pavements. 

 SANS 3001-AS10, Determination of bulk density and void content of compacted asphalt. 

 SANS 3001-AS11, Determination of the maximum void-less density of asphalt mixes and 

the quantity of binder absorbed by the aggregate.   

 TMH 5, Sampling methods for roads construction materials.  

 AASHTO T 378, Standard method of test for determining the dynamic modulus and flow 

number for asphalt mixtures using the asphalt mixture performance tester (AMPT)17. 

 

3. DEFINITIONS AND ABBREVIATIONS 

Constant mass less than 0.1% change in mass after two successive (more than 1 h) 

periods of oven-drying 

Dynamic Modulus, |E*| absolute value, defined as  the maximum stress divided by the 

recoverable maximum axial strain 

Field-produced 

specimen 

field compacted and cored specimen 

                                                           
16 Current versions of the standard test methods are to be used in this protocol.  

17 Based on AASHTO TP 79, Standard method of test for determining the dynamic modulus and flow number for hot mix 

asphalt (HMA) using the asphalt mixture performance tester (AMPT). 
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Laboratory-produced  

specimen 

cylindrical specimen prepared from the gyratory compactor 

LVDT linear variable linear variable displacement transducer 

Sitting time the shortest possible time period between compaction and actual time of 

testing 

TMH Technical manual for highways 

TRH Technical Recommendation for Highways 

UTM Universal Testing Machine 

 

4. APPARATUS 

 Universal testing machine18, integrated multi-axis data acquisition and control system 

capable of producing a haversine compressive loading.  

 A temperature-controlled chamber capable of maintaining temperatures from -5 to 60°C 

to an accuracy of ± 0.5°C.  

 Measurement system that is fully computer controlled and capable of measuring and 

recording the time history of the applied load (with an electronic load cell), and the axial 

deformations (measured with LVDT).  

 Loading platens with a diameter equal to or greater than that of the test specimen. 

 Air compressor capable of producing a pressure of 10 bar and an air flow rate of 300 litres 

per minute. 

 A machine for cutting/sawing test specimen ends to the appropriate length. A diamond 

circular saw is preferred.  

 A coring machine with cooling system and a diamond bit for cutting 100 mm diameter test 

specimens.  

 Teflon sheet or plastic.  

 Apparatus required for gyratory compaction as listed in Sabita Manual 37:ASP1.   

 

                                                           
18 Pneumatic devices do not provide reliable data above a loading frequency of 10Hz, hence hydraulic devices 
are recommended for frequency sweep tests that include a loading frequencies above 10Hz. 
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5. EQUIPMENT VERIFICATION / CALIBRATION 

 Verify the capability of the environmental chamber to maintain the required 

temperature within the accuracy specified by manufacturer. 

 Verify the calibration of load cell and LVDT device of the testing system within 

manufacturer’s recommendations.  

 If verification data do not comply with manufacturer’s specification, re-calibrate prior 

to proceeding with testing. 

 

6. PREPARATION OF TEST SPECIMEN 

6.1 Compact specimen to a diameter of 150 mm and thickness of 170 ± 5 mm in accordance with 

 Sabita Manual 37: ASP1.  

6.2 Core the test specimen (diameter of 100 mm) from the centre of the gyratory compacted 

 specimen for each test. Coring is done after a minimum of 24 h from the time of compaction.  

6.3 Prepare the ends of the cored specimen to achieve a thickness of 150 ± 5 mm by 

 cutting/sawing both ends of the 170 ± 5 mm thick gyratory compacted specimen.  

6.4 Dry specimens at room temperature for at least 24 h to a constant mass in air.   

6.5 Determine densities of the specimen in accordance with SANS 3001-AS10 and SANS 3001-

 AS11. 

6.6 Calculate the air void content of the test specimen. The voids content for the test specimen 

 must be approximately 7 % ± 0.5%, except for porous asphalt mixes. Cores cut from the road 

 are tested at the air void content at which they are obtained.   

6.7 Allow specimens to stand at room temperature for a minimum of 24 h19.  

6.8 Storage – if specimens will not be tested within 24 h, store in an environmentally protected 

 storage area at the temperature of 20 ± 1°C.  

6.8.1 Place specimens on flat and clean surfaces or on supports during the storage period.  

 6.8.2 Do not stack specimens on top of each other in storage. If samples will be stored for 

  two days or more, then room temperature is adequate.  

Note 1: Ensure that the sides of test specimen are smooth, parallel and free from steps, ridges, grooves, etc. 

during coring and cutting. 

Note 2: The number of test specimens required for one binder type is five (i.e. five repeat tests are conducted 

per mix and the average test results is used to represent the dynamic modulus of the mix).  

 

 

 

 

                                                           
19 Sample sitting time – specimens should be consistently tested in a similar time period. 
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7. SPECIMEN CONDITIONING20  

7.1 Condition test specimens in the environmental temperature chamber of the dynamic modulus 

 test set-up as per table 1.  

Table 1: Recommended temperature equilibrium times in conditioning chamber21 

Target temperatures 
Time to target 

temperature (h) 

Time for specimen to 

equilibrate (h) 

20°C to -5°C 4  Overnight or 6  

-5°C to +5°C 4.25  Overnight or 6  

+5°C  to 20°C 4  6  

20°C to 40°C 2.5  3  

40°C to 55°C 1.25  2  

 

 

Figure 1: Test specimens in a temperature chamber for conditioning  

  

                                                           
20 A dummy specimen of the same asphalt mix with thermocouple in its centre is placed close to the test specimen to verify 

uniform temperature distribution in specimen before testing. 

21 The temperature equilibrium times may vary depending on the type of environmental chamber in use, and the room 

temperature of individual laboratories, and quantity of samples being conditioned. 
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8. TESTING OF SPECIMEN 

8.1 Set up the universal testing machine, data acquisition and control system. 

8.2 At Level II mix design, conduct dynamic modulus test at frequency sweeps of 0.1, 0.5, 1, 5, 10, 

 and 25 Hz at one test temperature of 20°C.  At Level III mix design, conduct a full factorial test 

 of dynamic modulus at the five frequencies above and at five temperatures (-5, 5, 20, 40 and 

 55°C). Maintain temperatures at ± 0.5°C during testing. 

8.3 Instrument the specimen with LVDT brackets as shown in figure 2. 

8.4 Place the specimen in the environmental chamber (figure 1), allowing it to equilibrate to the 

 specified testing temperature in table 1.  

8.5 Place a loading platen (steel disk) at the bottom of the loading frame, and a Teflon paper on 

 top of the plate. The diameter of the Teflon sheet should not be less than the diameter of test 

 specimen.  

8.6 Place the specimen on top of the Teflon sheet, and mount the axial LVDTs to the specimen.  

8.7 Adjust the LVDT to near the end of its linear range to allow the full range to be available for 

 the accumulation of compressive permanent deformation, if any. 

8.8 Place another Teflon sheet followed by loading platen (a steel disk) on top of the specimen.  

8.9 Centre the specimen and the loading platens with the hydraulic load actuator visually, to avoid 

 eccentric loading.   

8.10 Apply a contact load equal to five percent of the applied deviator (dynamic) load to the 

 specimen. 

8.11 Adjust and balance all electronic measuring system as necessary before testing.  

8.12 Apply a haversine load waveform with no rest period to the specimens at all test temperatures 

 and loading frequencies.  

8.13 Ensure that the measured strain is always maintained within the range of 85 to 115 

 microstrains (1 microstrain = 𝟏𝟎−𝟔 m/m).  

8.14 Test the specimens from lowest to highest temperature, i.e. from -5°C to 55°C. At each test 

 temperature, programme the software to apply the loading from highest to lowest frequency, 

 i.e. from 25 Hz to 0.1 Hz. The time period may vary between 10 and 30 minutes for changing 

 and reconnecting the next test specimen.  

Note 3: When opening and closing the environmental chamber for setting up of the specimen to be tested, 

allow the chamber temperature to stabilise before running the test. 

Note 4: The recommended cumulative axial permanent strain of the specimen should not exceed 1500 

microstrains at any stage of testing. Specimens that exceed this strain level should be discarded. 

Note 5: The selected loading frequencies cover performance related vehicle speeds to adequately simulate 

field conditions. 
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  Figure 2: Instrumented dynamic modulus specimen 

9. CALCULATIONS  

9.1 Dynamic modulus definition  

Mathematically, the dynamic modulus is defined as the maximum stress (𝜎0) divided by the 

recoverable maximum axial strain (𝜀0) 

|E*|=
𝜎0

𝜀0
 

The dynamic modulus results are automatically computed by the software (table 2, typical 

results), and are usually presented in a master curve for pavement analysis and design.  

Table 2: Dynamic modulus test results 

 

 

 

25Hz 10Hz 5Hz 1Hz 0.5Hz 0.1Hz

Deviator Stress (kPa) 2004 1924 1794 1475 1328 991

Contact 160 117 99 78 63 47

SUMMARY DATA

Project name

Sample ID

Average Diameter (mm) 101.1 101.1 101.1 101.1 101.1 101.1

Average Height (mm) 150.4 150.4 150.4 150.4 150.4 150.4

Average Temperature °C 19 19 19 19 19 19

Dynamic modulus (MPa) 20332 18621 17246 13962 12517 9258

Standard Deviation (MPa) 1108 990 884 691 597 432

CoV 5.4 5.3 5.1 4.9 4.8 4.7

Phase angle (Degrees) 8.2 9.6 10.8 14 15.7 20.3

Standard Deviation (Degrees) 0.5 0.5 0.5 0.6 0.6 0.8

CoV 6.1 5.2 4.6 4.3 3.8 3.9

 Average micro-strain (LVDT) 89.6 96.4 97.6 99 99.6 100.6

Sample 1

Asphalt

20 Degrees
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9.2 Dynamic modulus test results  

Table 3 shows coefficients of variation (COV) for dynamic modulus test results on 10 

duplicate specimens prepared from 60/70 medium continuously graded asphalt mix.  

The coefficient of variation for properly conducted dynamic modulus tests is in the region 

of 13 percent (AASHTO TP 79).  

Table 3: COV (%) for dynamic modulus test results22 

Test temperature 
Loading frequency 

0.1 Hz 0.5 Hz 1 Hz 5 Hz 10 Hz 25 Hz 

-5oC 4.8 4.6 4.5 4.4 4.3 5.7 

5oC 7.4 6.8 6.7 6.4 6.5 6.9 

20oC 8.7 6.9 6.4 4.6 4.1 6.1 

40oC 14.4 16.2 16.8 16.1 15.4 13.5 

55oC 8.8 11.1 12.2 14.5 14.1 16.9 

 

10. REPORTING   

Report on the following for each test: 

 Asphalt sample (Lab, plant or field). 

 Specimen information (height, diameter). 

 Mix design properties.  

 Air void content for gyratory compacted specimen, the average and standard 

deviations for replicate test specimens.  

 Air voids content in the cored and cut cylindrical specimen. 

 Conditions of the sample tested due to temperature, frequency effects. 

 Dynamic modulus values for all replicate specimens tested in addition to average 

values, standard deviation and coefficient of variation 

 Master curve, when requested. 

 
 
 
 
 

 

                                                           
22 Anochie-Boateng et al. 2010. Hot-mix asphalt testing for the South African pavement design method. 
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ASP4: Protocol for Determining Rutting and Stripping of 

  Compacted Asphalt Samples in the Hamburg Wheel 

  Tracking Device  

 

1. INTRODUCTION   

This protocol describes procedures for testing the rutting and stripping performance of 

compacted asphalt samples using the Hamburg wheel tracking device. The protocol is based 

on the use of Smartracker double wheel tracking device, but any similar Hamburg rutting 

apparatus may be used.  

2. NORMATIVE REFERENCES23 

 Sabita-ASP1, Protocol for the compaction of asphalt specimens in the gyratory compactor. 

 Sabita Manual 35/TRH8: Design and use of Asphalt in road pavements. 

 SANS 3001-AS10, Determination of bulk density and void content of compacted asphalt. 

 SANS 3001-AS11, Determination of the maximum void-less density of asphalt mixes and 

the quantity of binder absorbed by the aggregate.   

 TMH 5, Sampling methods for roads construction materials.  

 TG 1, The use of modified binders in road construction. 

 AASHTO T 324, Standard method of test for Hamburg wheel-track testing of compacted 

hot mix asphalt (HMA). 

3. DEFINITIONS AND ABBREVIATIONS 

Constant mass less than 0.1% change in mass after two successive (more than 1 hour) 

periods of oven-drying 

Creep slope inverse of the deformation rate in the creep phase 

Field-produced specimen field compacted and cored specimen 

Laboratory-produced  

specimen 

cylindrical specimen prepared from the gyratory compactor 

LVDT linear variable linear variable displacement transducer 

                                                           
23 Current versions of the standard test methods are to be used in this protocol.  
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Maximum rut depth  rut depth obtained at the completion of the test 

Number of passes at 

maximum rut depth  

at a fixed rut depth value, an asphalt mix with a larger number of passes 

is more resistant to rutting 

Sitting time the shortest possible time period between compaction and actual time of 

testing 

Strip slope the inverse of the deformation rate in the region where the rut depth 

increases suddenly 

Stripping inflection point 

(SIP) 

the point where the rutting curve has a sudden increase in rut depth. SIP 

reflects the phase where the asphalt binder starts to strip from the 

aggregate  

TMH Technical manual for highways 

TRH Technical Recommendation for Highways 

4. APPARATUS 

 Hamburg wheel tracking device - an electrically powered machine. 

 High-density polyethylene mould. 

 Temperature control system (a water bath capable of maintaining a temperature of 50 ± 

0.5°C).    

 Rut depth measurement system- an LVDT device capable of measuring depth of 

impression of the wheel within 0.01 and 25 mm.  

 Wheel pass counter that counts each wheel pass over the specimen.  

 Specimen mounting system (a stainless steel tray that can be mounted rigidly to the wheel 

tracking machine). 

 Cutting template mould, a diamond circular saw. 

 Apparatus required for gyratory compaction as listed in Sabita-ASP1.  

5. EQUIPMENT VERIFICATION / CALIBRATION 

 Measure the water bath temperature at four locations to ensure temperature is 

within ± 1.0°C of the testing temperature. 
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 Verify the LVDT calibration as per manufacturer’s recommendations.  

 Verify load from the wheel loading assembly at the level position as per manufacturer’s 

recommendations. 

 Verify the wheel is reciprocating back and forth on the test sample at 52± 2 passes per 

minute. 

6. PREPARATION OF TEST SPECIMEN  

6.1 Prepare two cylindrical specimens per binder content with a diameter of 150 mm in 

 accordance with the procedures in Sabita-ASP1. Specimen diameter for field cores must be 

 150 ± 5 mm.  

6.2 Allow the specimen to cool for a minimum of 24 h. 

6.3 Cut specimens using a wet saw after cooling along a secant line/ chord as shown in figure 1. 

 This is done by trimming off approximately 15 mm vertically from each core using a diamond 

 circular saw. 

6.4 Determine densities of the specimens in accordance with SANS 3001-AS10 and SANS 3001-

 AS11. 

6.5 Calculate the air void content of the specimen. The voids content for the specimen must be 

 approximately 7 % ± 0.5%, except for porous asphalt mixes.  

6.6 Allow specimens to stand at the temperature of 20 ± 1°C for a minimum of 24 h24.  

6.7 Storage – if specimen will not be tested within 24 h, store in an environmentally protected 

 storage area at temperatures between 0 and 20°C.  

6.7.1 Place specimens on flat and clean surfaces or on supports during the storage period.  

6.7.2 Do not stack specimens on top of each other in storage. If samples will be stored for between 

 two or more days, then room temperature is adequate. 

Note 1: The number of test specimens required for one binder type is five (i.e. three repeat tests are conducted 

per mix and the average value is used to represent the rutting performance of the mix).  

Note 2: Plant produced samples should be prepared to the same size as the Lab produced samples. 

 

7. SPECIMEN MOUNTING AND TESTING 

7.1 Set up the Smartracker double wheel tracking device. 

7.2 Load the rutting mould such that they are level with the surface of the mould. 

7.3 Place the moulds into the mounting tray and fit specimens into each one. 

7.4 Fasten the mounting trays into the empty water bath. 

7.5 Fill the water bath until the float device floats to the horizontal position, monitoring the 

 temperature of the water on the computer screen. Adjust water temperature as necessary. 

                                                           
24 Sample sitting time – specimens should be consistently tested in a similar time period. Specimens tested more than three 

days after compaction may fail Sabita Manual 35 / TRH 8 criteria for rutting. 
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7.6 Once the water has reached the desired temperature, saturate the combined test specimens 

 in the water for an additional 30 min. 

7.7 Enter the specimen or core information into the computer software.  

7.8 Select the maximum allowable rut depth base on Sabita Manual 35 /TRH8. 

7.9 Precondition the test specimen for 30 min to test temperature.  In accordance with Manual 

 35 /TRH8, the testing temperature is 50 ±1°C for all specimens25.  

7.10 Note the LVDT readout at the beginning of test, this will be subtracted from the total 

 displacement on the screen readout.  

7.11 Lower the wheels onto the edge of the test specimen. 

7.12 “Start” the wheel tracking testing device software to begin the process.  

7.13 When the applied number of desired passes or when the maximum allowable rut depth has 

 been reached, the testing device automatically stops. 

7.14 Turn off machine and main power supply after testing is complete. Open the valves beneath 

 the tanks to drain the baths. 

7.15 Raise the wheels and remove the specimen mounting system and rutted specimens. 

7.16 Clean the water bath, heating coils, wheels, and temperature probe with water and scouring 

 pads (or as per manufacturer's recommendation). 

7.17 Use a wet-dry vacuum to remove particles that have settled to the bottom. 

7.18 Clean the filter elements and rutting mould. 

7.19 Turn the wheels after each test so that the same section of the wheel is not in contact with 

 the specimen from one test to another. 

7.20 Open the report program in the software, and record the rut depth at specified number of 

 wheel passes (as per Manual 35 /TRH8), and the number of passes at failure. 

                                                           
25 The maximum asphalt temperature for South Africa was computed based on the 7-day average maximum air temperature 

with a 97.5% reliability, and accordingly the asphalt temperature range between 49.8 and 63°C (an average of 56.5°C). 

However, the practical test temperature proposed for the rutting test is 50°C. 
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Figure 1: Cut faced cores/specimens and specimen mounting mould /system 

 

 

 

Figure 2: Specimens in rutting mould (after rutting) 



 

83 
 

 

 

 

Figure 3: Hamburg wheel tracking testing set-up 

8. CALCULATIONS  

Plot rut depth versus number of wheel passes (as illustrated in figure 4) to obtain six parameters:

 

Figure 4: Hamburg rutting curve indicating test parameters 
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9. REPORTING   

 Report on the following for each test: 

 Asphalt sample (Lab, plant or field) 

 Specimen information (e.g. air voids) 

 Type and amount of anti-stripping additive in the mix 

 Rut depth at 1 000, 10 000, 16 000, and 20 000 (Sabita Manual 35 /TRH 8 criteria) 

 Minimum number of passes to 6 mm rut (failure criterion, Sabita Manual 35 /TRH 8)  

 Minimum number of passes to stripping point 

 Maximum rut depth 

 Test temperature 

 Creep slope; Strip slope 

 Stripping inflection point  
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ASP5: PROTOCOL FOR DETERMINING THE WATER  
  PERMEABILITY OF ASPHALT MIXES   
 

1. INTRODUCTION  

This test protocol covers procedures for determining the permeability of water saturated laboratory 

gyratory compacted specimens or asphalt cores from a road. A constant-height water column approach 

is used in this protocol.    

2. NORMATIVE REFERENCES26 

 Sabita-ASP1, Protocol for the compaction of asphalt specimens in the gyratory compactor. 

 EN 12697-19, Bituminous mixtures- Test methods for hot mix asphalt - Part 19: specimen 

permeability.  

 SANS 3001-AS10, Determination of bulk density and void content of compacted asphalt. 

 SANS 3001-AS11, Determination of the maximum void-less density of asphalt mixes and the 

quantity of binder absorbed by the aggregate.  

 TMH5, Sampling methods for roads construction materials.  

3. DEFINITIONS AND ABBREVIATIONS 

Constant mass less than 0.1% change in mass after two successive (more than 1 h) periods of 
oven-drying 

Laboratory-produced  
specimen 

cylindrical specimen prepared from the gyratory compactor 

TMH Technical manual for highways 

 

4. APPARATUS 

 The apparatus given in EN 12697 is shown in Figure 1.  However, a similar apparatus may be used, 

provided that the same principles are followed. The dimensions shall be such so as to ensure the 

water column height is 300 ± 1 mm. The external diameter of the tube and any fittings shall be 

such that no water can flow between the wall of the tube and the specimen when in place as this 

will give erroneous results; the thickness of the tube shall be sufficient to ensure it retains its shape 

but shall not be more than 5 mm.  

 Gyratory compactor and accessories for preparing laboratory specimens in accordance with Sabita-

ASP1. 

                                                           
26 Current versions of the standard test methods are to be used in this protocol.  
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 Stopwatch or other timing device, to record the time of water flow through the specimen. 

 An air pump capable of applying 101.3 kPa pressure, and capable of applying vacuum to evacuate 

the air from the sealing tube / membrane cavity. 

 Apparatus required for gyratory compaction as listed in Sabita-ASP1.  

 

Figure 1: Apparatus for water permeability (from BS EN 12697-19) 

Note 1: The external diameter of the tube should generally be greater than the diameter of the specimen by 
up to 5mm. 

Note 2: A suitable rubber cuff that fits snugly around the tube and sample is one method to ensure that no 
water can flow between the two. Another approach that could be used is to attach the plastic tube with duct 
tape to the specimen. A rubber membrane that fits over the tube and can be inflated to seal off the specimen 
may also be used.  

 

5. PREPARATION OF TEST SPECIMEN 

5.1. Follow the sample preparation procedures stipulated in Sabita-ASP1.  

5.2. Compact specimen to a diameter of 150 mm and a thickness of 115 ± 5 mm.  

5.3. Trim/ cut the top and bottom faces of both laboratory compacted specimens and field 

cores.  

5.4. Wash the specimen thoroughly with running water to remove any loose, fine material 

resulting from saw cutting prior to testing. 

5.5. Determine densities of the specimen in accordance with SANS 3001-AS10 and SANS 3001-

AS11. 
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5.6. Calculate the air void content of the specimen. The voids content for the specimen must 

be approximately equal to the design voids + 3% except for porous asphalt mixes. Cores 

cut from the road are tested at the air void content at which they are obtained.   

5.7. Allow the specimens to stand at at the temperature of 20 ± 1°C for a minimum of 24 h27.  

5.8. Storage – if specimen will not be tested within 24 h, store in an environmentally protected 
storage area at temperatures between 0 and 20°C.  

5.8.1 Place specimens on flat and clean surfaces or on supports during the storage period.  

5.8.2 Do not stack specimens on top of each other in storage. If specimens will be stored for 
between two or more days, then room temperature is adequate. 

6. TESTING OF SPECIMEN 

6.1. Set up the water permeability apparatus as illustrated in figure 1.  

6.2. Carry out the test at ambient temperature within the range of 15 to 25°C.  

6.3. Place the specimen in a rubber cuff / flexible latex membrane. Specimens cored from the 

road should be placed in the apparatus with the travelled surface uppermost. 

6.4. Insert a plastic tube in the cuff and place it on top of the specimen.  

6.5. Inflate the rubber cuff with air to at least 50 kPa so that it presses firmly around the wall 

of the specimen to prevent leakage of water along the wall.   

6.6. Place the cuff with the specimen on the perforated plate, and then in a container that is 

filled with water to the maximum level.  

6.7. Adjust the feet of the perforated plate in such a way that the upper side of the specimen 

is at the same level as the water in the bath.  

6.8. Allow water to flow into the specimen for approximately 10 min to saturate the specimen 

(it assumed that all enclosed air is removed after saturation). 

6.9. Fill the plastic tube with water. There is an outlet in the plastic tube so that a water 

column height of 300 ± 1 mm is always maintained.  

6.10. Allow the water to flow through the saturated specimen into a container and the interval 

of time taken to reach a known change in head is recorded to the nearest second.  This 

container should be located above a second container with mass (𝒎𝟏) into which the 

water passing through the specimen can overflow into at the level of the top of the 

specimen.  

6.11. Empty the second container after 1 min, and collect the water that flows through into the 

weighed second container for a certain time t (minimum 60 s).  

                                                           
27 Sample sitting time – specimens should be consistently tested in a similar time period. 
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6.12. Weigh the second container together with the collected water (𝒎𝟐). 

6.13. Repeat the test on the same specimen for three times and check the repeatability of the 

time to run water through the specimen or until consistent readings are obtained.  

6.14. The information from the test and dimensions of the specimen are entered into Darcy’s 

Law to obtain the coefficient of permeability. 

Note 3: For laboratory compacted specimens, apply a thin layer of the seal (e.g. petroleum jelly) to the sides of 

the specimen. This will fill the large void pockets around the sides of the specimen. If the specimen is wet, wipe 

the sides with a damping cloth to remove any free standing water. Use a spatula or similar device to apply the 

seal to the sides of the specimen. 

Note 4: The measuring time can be decreased from 60 s if the amount of water exceeds 8 L. The decreased 

measuring time should then be reported in the test report. 

 

7. CALCULATIONS  

7.1. Determine the vertical flow of water,  Q, through the specimen as follows: 

𝑄 =  
𝑚2−𝑚1

𝑡
 × 10−6  

Where 

Q  is the vertical flow, expressed in cubic meters per second (𝑚3/s)  

𝑚1  is the mass of the empty second container, expressed in grams (g) 

𝑚2 is the mass of the filled second container, expressed in grams (g) 

 t is the time of collecting the water, expressed in seconds (s)  

7.2. Calculate permeability of the sample based on Darcy’s law: 

𝐾 =  
4 × 𝑄 × 𝑙

ℎ × 𝜋𝐷2
 

Where 

K,  is the vertical permeability, expressed in meters per second (m/s)   

l is the thickness of the specimen, expressed in meters (m) 

h  is the actual height of water column, expressed in meters (m) 

D is the diameter of the specimen, expressed in meters (m) 

Note 7: Usually the permeability of porous asphalt mix is between 𝟎. 𝟓 × 𝟏𝟎−𝟑m/s and 𝟑. 𝟓 × 𝟏𝟎−𝟑m/s.  

Note 8: At a voids content of about 20 %, the vertical flow of water is about 3 to 10 L per minute.  
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8. REPORTING 

Report results for K to the nearest whole units, in cm/s. The Report shall contain the 

following information: 

 measuring time (if less than 60 s) 

 average of the two test results as the vertical permeability of the sample 

 temperature at which the test was carried out 

 a plot of permeability against voids /density   

 
 


