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SUMMARY
The durability test property of bitumen is an important procurement
criterion in Western Australia. This property has traditionally been
measured using an Australian Standard test method which involves the
use of the Shell sliding plate micro-viscometer. Main Roads Western
Australia (Main Roads) have developed an alternative method of durability
assessment (WA 716.1) which replaces the sliding plate micro-viscometer
with a more modern dynamic shear rheometer (DSR). As the DSR is a
relatively new test device for Australian practitioners, a training session for
Main Roads and an inter-laboratory test program between Main Roads
and the Australian Road Research Board (ARRB) were conducted to
ensure its effective use.
The inter-laboratory program involved the testing of five identical bitumen
samples at the Main Roads and ARRB bitumen laboratories. The
exercise used a revised version of WA 716.1 which was updated based
on improvements identified during the training session. Both laboratories
obtained essentially identical results when their respective DSR
instruments were used.
The results were also analysed to ascertain whether any other
improvements could be made to the WA 716.1 test method. Based on
this analysis, it was found that the number of creep-stress steps in the test
could be reduced from six steps to four without markedly affecting
experimental results. It was also noted that the Main Roads DSR had
difficulties in achieving a shear rate of 0.005 s-1 during the pre-loading
step component of the test. While this did not significantly affect the
experimental results, it was suggested that upgrading the control software
of the Main Roads DSR may improve the shear rate control during the
pre-loading step.
Consequently, Main Roads has accepted these recommendations and
prepared a new version of test method. Main Roads has also upgraded
their DSR control software and achieved better shear rate control.

Although the report is believed to be
correct at the time of publication, the
Australian Road Research Board, to the
extent lawful, excludes all liability for loss
(whether arising under contract, tort,
statute or otherwise) arising from the
contents of the report or from its use.
Where such liability cannot be excluded,
it is reduced to the full extent lawful.
Without limiting the foregoing, people
should apply their own skill and
judgement when using the information
contained in the report.
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INTRODUCTION

1.1

Durability of Bitumen in Western Australia
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The durability test property of bitumen is an important procurement criterion in Western Australia
(Main Roads Western Australia 2017). This property has traditionally been assessed in
accordance with AS/NZS 2341.13 which involves ageing thin bitumen films in a rolling thin film
oven (RTFO) for various periods of time and then measuring the viscosity of the treated samples.
The viscosity measurement component of AS/NZS 2341.13 is currently conducted using a Shell
sliding plate micro-viscometer following the procedure given in AS/NZS 2341.5. This yields
viscosity at 45 °C results for binder samples at a shear rate of 0.005 s-1.
Sliding plate micro-viscometers are nonetheless not readily available at present. To provide an
alternative way to measure viscosity of binder samples even if this traditional device was not
available, Main Roads Western Australia (Main Roads) have developed a new test method,
WA 716.1 (Main Roads 2013), that utilises the dynamic shear rheometer (DSR). In an analogous
way to AS/NZS 2341.5, the viscosity at 45 °C is measured when the sample is subjected to a
shear rate of 0.005 s-1. The DSR is a more modern instrument than the sliding plate microviscometers and it can be purchased from several different global manufacturers. Adoption of the
DSR by WA was based on the results reported by Halligan, Chatard and Gregory (2010) where it
was found that the DSR could produce equivalent viscosity results to the sliding plate microviscometer when a number of different bitumen samples were tested.
A brief comparison between the AS/NZS 2341.13 and WA 716.1 test methods is provided in
Table 1.1.
Table 1.1: Comparison of AS/NZS 2341.13, WA 716.1 and AGPT/T194 test methods for durability assessment
Durability test methods
Test procedure

AS/NZS 2341.13

WA 716.1

AGPT/T194

Ageing treatment

20 m bitumen films are aged at 100 °C using a modified form of the
Australian equipment used for rolling thin film oven (RTFO) treatment
(AS/NZS 2341.10) according to AS/NZS 2341.13.

1 mm bitumen films are aged using a
PAV at 100 °C and 2.1 MPa pressure
according to AGPT/T194.

Duration

Typically 5–15 days

3 days (72 hours)

Measurement of
post-ageing viscosity

The viscosity at 45 °C of treated
samples is measured using the Shell
sliding plate micro-viscometer
(AS/NZS 2341.5) after various
ageing times. The viscosity is
measured at a variety of different
shear rates and the viscosity result
at a shear rate of 0.005 s-1 is
obtained by interpolation or
extrapolation.

Calculation of
durability

The number of days to reach the specified apparent viscosity level (SAVL)
(also known as ‘durability days’) is calculated by interpolating the viscosity
results obtained after different ageing times.

The viscosity at 45 °C of treated
samples is measured using the
DSR (WA 716.1) after various
ageing times. The viscosity is
measured at a variety of different
shear rates and the viscosity result
at a shear rate of 0.005 s-1 is
obtained by interpolation.

The complex viscosity (η*) at 45 °C of
the sample is measured at 1 rad/s after
3 days of ageing using the DSR
(AGPT/T194).

A correlation has been found between
AGPT/T194 results and
AS/NZS 2341.13 results for a data set
which includes eight bitumen samples.

Also included in Table 1.1 is a brief description of the Austroads Test Method AGPT/T194 which
has been recently developed as an alternative to the conventional AS/NZS 2341.13 test. This
method uses a pressure ageing vessel (PAV) rather than an RTFO oven to age bitumen films, and
the DSR to measure the viscosity of the film after a set period of ageing (3 days). Research work
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that formed the basis for this new test method has been reported in Austroads (2013). This
method was not used in the current project; however it has been included in the table as it is a
possible way that the durability of bitumen samples could be assessed in the future.

1.2

Details of the Project

Although the DSR is used widely overseas, it has only been introduced relatively recently to
Australian laboratories. Project work described in this report included a DSR training session for
Main Roads operators conducted by Young Choi of the Australian Road Research Board (ARRB).
After the training session was completed, an inter-laboratory test program was conducted between
the Main Roads and ARRB laboratories using identical samples so that the results obtained by
each laboratory could be compared. As a result of the training session and inter-laboratory
program, modifications/improvements to the WA 716.1 method have been proposed.
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DSR TRAINING AND OPERATION CHECK-UP

The training session for Main Roads staff was conducted at their laboratory on 14–15 June 2017.
During the session, the basic principles of the DSR, and DSR test procedures, were discussed.
Several tests were also performed on different bitumen samples in accordance with the WA 716.1
test method.
One of the reasons Main Roads requested the training session was that the viscosity results
generated by their DSR were noticeably different from those obtained using their Shell sliding plate
micro-viscometer. It was found that this problem was predominantly related to the viscosity
calculation method used by Main Roads to analyse the DSR results: the data analysis program
contained within the Main Roads DSR analysis software used a different viscosity calculation
method to that specified in WA 716.1. ARRB provided an Excel spreadsheet which calculated
viscosity as specified in WA 716.1. When the Excel spreadsheet was used in the session, there
was good agreement between the viscosity results obtained by the two methods.
A number of changes were also suggested to WA 716.1 to promote best practice and consistency
of DSR results. These included:


The use of a metal/glass container for sample preparation rather than the silicone moulds
previously used. There are a number of potential issues associated with silicone mould use,
including the risk of contamination from sample residue left on the mould. Thoroughly
cleaning a silicone mould after each use is difficult without the use of solvent. If a solvent is
used, this can be absorbed by the silicone mould over time.



Recommendations regarding the temperatures at which the samples are trimmed after they
have been mounted in the DSR and information relating to the correct use of the sample
trimming tool



Provision of specific recommended stress values for the creep-stress steps in the test.

These suggestions were provided in more detail to Main Roads in a separate discussion note. A
revised version of WA 716.1 has consequently been prepared to incorporate these changes and
also other suggestions made during the inter-laboratory test program (as described in Sections 3.2
and 4).
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INTER-LABORATORY TEST PROGRAM

The purpose of the inter-laboratory test program was to compare the viscosity results obtained on
identical samples when testing was conducted in accordance with WA 716.1 at the Main Roads
and ARRB laboratories.

3.1

Sample Preparation

Main Roads selected a bitumen sample and subjected it to different periods of ageing in their
laboratory according to AS/NZS 2341.13. This provided a series of bitumen samples that had a
wide range viscosity values which could be tested by both laboratories.
The samples were prepared using the following method:
1.

One sample of bitumen was aged for five different periods (i.e. 6, 8, 10, 13 and 15 days) to
yield five different samples with different viscosities

2.

During the initial preparation work, four RTFO bottles were used to prepare each sample (i.e.
6-day sample, 8-day sample, etc.) which yielded about 1.6 g of each sample.

3.

As this amount did not appear sufficient for testing to be conducted at both laboratories, the
preparation work was repeated to obtain more material.

4.

The two portions of each sample were then combined and thoroughly mixed to yield about
3.2 g of each sample.

5.

Each 3.2 g sample was then split into two portions and placed on two separate Teflon
dishes; one dish was retained by Main Roads and the other dish was sent to ARRB.

3.2

Test Procedure

The prepared samples were tested at the Main Roads and ARRB laboratories using each
laboratory’s DSR and a draft update of WA 716.1 which had been modified based on
improvements identified in the training session (Section 2). Even though testing was performed
over a number of days, each particular sample was tested by both laboratories on the same day.
During the course of testing, it was found that some of the descriptions given in the version of
WA 716.1 that was used were unclear. In order to address this, specific issues were resolved as
samples were tested. Each laboratory was informed once these issues were resolved so that each
sample was tested by both laboratories using exactly the same method.
Samples were prepared for mounting in the DSR using the following method:
1.

A sample dish containing the sample to be tested was heated under an infra-red lamp so it
was soft enough to be easily stirred with a spatula and could be readily mounted on the lower
DSR test plate with the spatula. The lower DSR test plate was also heated under the
infra-red lamp prior to adding the binder to assist the adhesion of the binder to the plate.

2.

The lower DSR test plate was weighed prior to adding the binder to the test plate. Between
0.6 and 0.7 g of softened binder was then added to the test plate. The test plate was then
mounted in the DSR.

Main Roads performed duplicate testing on each of the five samples. ARRB performed duplicate
tests on all samples except for the 8-day sample which was tested only once as there was
insufficient sample available to conduct duplicate tests.
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Test Results and Analysis

The test results obtained by the two laboratories were analysed by ARRB. Individual test results
and basic statistical analysis for each sample are shown in Table 3.1 and Table 3.2. Table 3.3
compares the variation observed during testing and the repeatability and reproducibility limits listed
in AS/NZS 2341.5. The inter-laboratory results were compared to AS/NZS 2341.5 repeatability
and reproducibly limits because no precision information has been established for WA 716.1.
Table 3.1: Main Roads viscosity test results obtained according to WA 716.1
Sample description

Test 1 viscosity at
45 °C result
(log Pa.s)

Test 2 viscosity at
45 °C result
(log Pa s)

Average viscosity at
45 °C (log Pa.s)

Standard deviation
(log Pa.s)

Coefficient of
variation (%)

6-day sample

5.2462

5.2368

5.2415

0.00665

0.127

8-day sample

5.5589

5.5649

5.5619

0.00424

0.076

10-day sample

5.8212

5.8269

5.8241

0.00403

0.069

13-day sample

6.2467

6.2237

6.2352

0.01626

0.261

15-day sample

6.5236

6.5306

6.5271

0.00495

0.076

Table 3.2: ARRB viscosity test results obtained according to WA 716.1
Sample description

Test 1 viscosity at
45 °C result
(log Pa.s)

Test 2 viscosity at
45 °C result
(log Pa.s)

Average viscosity at
45 °C (log Pa.s)

Standard deviation
(log Pa.s)

Coefficient of
variation (%)

6-day sample

5.2522

5.2519

5.2521

0.00021

0.004

8-day sample

5.5685

–

5.5685*

–

–

10-day sample

5.8067

5.7872

5.7970

0.01379

0.238

13-day sample

6.2494

6.2168

6.2331

0.02305

0.370

15-day sample

6.5288

6.5309

6.5299

0.00149

0.023

* Sample quantity was insufficient for duplicate testing. The Test 1 result was therefore used as the average result.

Table 3.3: Repeatability and reproducibility of Main Roads and ARRB viscosity results
Sample description

Main Roads test variation
(log Pa.s)*

ARRB test variation
(log Pa.s)*

Difference in average results obtained by Main
Roads and ARRB (log Pa.s)

6-day sample

0.0094

0.0003

0.0106

8-day sample

0.0060

–

0.0066

10-day sample

0.0057

0.0195

0.0271

13-day sample

0.0230

0.0326

0.0021

15-day sample

0.0070

0.0021

0.0027

Limits specified in
AS/NZS 2341.5

Repeatability: Duplicate test results obtained by the same
operator using the same apparatus should not be considered
suspect unless they differ by more than 0.05 log Pa.s.

Reproducibility: Single test results obtained from
two laboratories should not be considered suspect
unless they differ by more than 0.10 log Pa.s.

* Difference between Test 1 and Test 2 results.

It can be seen in Table 3.3 that the variations in duplicate test results observed by each laboratory
were all significantly lower than the AS/NZS 2341.5 repeatability requirement of ≤ 0.05 log Pa.s.
The differences in the average results obtained for each sample by the two laboratories were also
significantly lower than the AS/NZS 2341.5 reproducibility limit of ≤ 0.10 log Pa.s.
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Figure 3.1 shows a plot of the average results obtained by the two laboratories when both sets of
results are plotted using a logarithmic scale. A linear fit to this experimental data (where the
intercept of the fit was set to zero) yielded an R2 = 1.00 and a slope of 1.00 (Figure 3.1). This
indicates that both laboratories obtained essentially identical results. The 99% confidence limits
obtained for this set of data, to illustrate the expected variation range, are also shown in Figure 3.1.
The log viscosity results are re-plotted in Figure 3.2 using a linear scale (in Pa.s) as fitting data in
this form would be expected to be more sensitive to variation. A linear fit to the raw viscosity at
45 °C data (where the intercept of the fit was set to zero) also yielded an R2 = 1.00 and a slope of
1.00 (Figure 3.2).
Figure 3.1: Correlation between Main Roads and ARRB viscosity test results (log Pa.s)

Figure 3.2: Correlation between Main Roads and ARRB viscosity test results (linear scale in Pa.s)
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4

OTHER TEST MODIFICATIONS

4.1

Reduction in the Number of Creep-stress Steps

The WA 716.1 test procedure currently uses six creep-stress steps to apply different levels of
shear stress to a bitumen sample during DSR testing. The test results obtained at each stress
level provide viscosity results for the sample at six different shear rates. The viscosity results
obtained at each shear rate are then used to interpolate a viscosity result at a shear rate of
0.005 s-1 (Table 1.1). Ideally, the six stress levels should be chosen so that three of the shear
rates are below 0.005 s-1, and three of the shear rates are above 0.005 s-1.
In order to ascertain whether DSR testing could be simplified by reducing the number of
creep-stress steps, the results obtained in the inter-laboratory program were analysed to determine
the difference in test results if four creep-stress steps were used instead of six steps. The results
obtained after four creep-stress steps were determined by omitting the first and last creep-stress
results obtained in the standard test. These correspond to the lowest and highest levels of applied
stress during testing. An example of the results obtained for the first test on the ARRB 10-day
sample when six and four creep-stress steps were included in the analysis is shown in Table 4.1
and Figure 4.1.
Table 4.1: Example of how the 4-step result was calculated using the 6-step result (Test 1 of the ARRB 10-day sample)
6-step calculation
Creep step #

4-step calculation

Applied shear stress
(Pa)

Shear rate (s-1)

Viscosity at 45 °C
(log Pa.s)

1

820

0.0013

5.8163

2

1300

0.0020

5.8234

0.0020

5.8234

3

2060

0.0031

5.8229

0.0031

5.8229

4

3300

0.0051

5.8137

0.0051

5.8137

5

5180

0.0084

5.7917

0.0084

5.7917

8200

0.0147

5.7469

0.0050

5.8067

6
s-1

Viscosity at 0.005 interpolated using
the correlations shown in Figure 4.1.

Shear rate (s-1)

Viscosity at 45 °C
(log Pa.s)
Omitted

Omitted
0.0050

5.8110

Figure 4.1: Correlations obtained for the 6-step and 4-step results (Test 1 of the ARRB 10-day sample)

(a) 6-step calculation

(b) 4-step calculation
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All data obtained in the inter-laboratory program was analysed to determine the viscosity results
which would be obtained at a shear rate of 0.005 s-1 if only four creep-stress steps were used
during DSR testing. Table 4.2 shows the average viscosity results obtained by each laboratory
when either four or six creep-stress steps were included in the analysis. Figure 4.2 shows the
average results obtained by both laboratories when different numbers of creep-stress steps were
used. A linear fit to the data in Figure 4.2 (where the intercept of the fit was set to zero) yielded an
R2 = 1.00 and a slope of 1.00. This excellent correlation suggests that the six creep-stress steps in
the current test procedure could be reduced to four steps without significantly affecting the
accuracy of the test.
Table 4.2: Comparison of 6-step and 4-step viscosity results
Sample type

Main Roads viscosity at 45 °C results
(log Pa.s)

ARRB viscosity at 45 °C results
(log Pa.s)

6-step calculation

4-step calculation

6-step calculation

4-step calculation

6-day sample

5.2415

5.2447

5.2521

5.2556

8-day sample

5.5619

5.5668

5.5685

5.5683

10-day sample

5.8241

5.8302

5.7970

5.8029

13-day sample

6.2352

6.2502

6.2331

6.2418

15-day sample

6.5271

6.5254

6.5299

6.5281

Figure 4.2: Correlation between 6-step and 4-step viscosity results

4.2

Selection of Appropriate Creep-stress Levels

When a bitumen sample is subjected to DSR testing by the WA 716.1 test procedure it is not
initially known which levels of shear stress need to be applied to the sample in order to obtain
viscosity at 45 °C results in the range of shear rates that are desired (i.e. ideally three of the shear
rates should be below 0.005 s-1, and three of the shear rates should be above 0.005 s-1). In order
to ascertain the appropriate shear stress levels to be used, the WA 716.1 test procedure requires
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that samples are subjected to a pre-loading step prior to conducting the creep-stress steps so that
the shear stress level needed to shear the sample to 0.005 s-1 can be approximately identified.
This result is then used to select the different stress levels used in the creep-stress steps.
During the inter-laboratory program it was found that the Main Roads DSR device could not
achieve the desired shear rate of 0.005 s-1 during the pre-loading step. An example (for the first
test on the Main Roads 8-day sample) where a maximum shear rate of only about 0.0045 s-1 was
achieved in the 20 second pre-loading step used is shown in Figure 4.3. In order to address this
problem, longer pre-loading test periods (up to 60 seconds) were trialled with the Main Roads DSR
but the desired shear rate could still not be achieved. This issue was not experienced at ARRB:
the target shear rate of 0.005 s-1 was always achieved within 10 to 30 seconds.
Figure 4.3: Shear rate achieved during the pre-loading step for the Main Roads 8-day sample (Test 1)

The relationship between shear rate and shear stress observed for the first test on the Main Roads
8-day sample is shown in Figure 4.4. The individual data points show that, at the maximum shear
rate obtained in the test (about 0.0045 s-1), the shear stress was in the range between 1070 and
1180 Pa. The last shear-stress data point recorded in the raw data file was 1180 Pa. This value
was therefore used by Main Roads to select the levels of shear stress that were used in the
creep-stress steps. If the data shown in Figure 4.4 is extrapolated using a binominal function it
appears that the shear stress at a shear rate of 0.005 s-1 would have been about 1350 Pa.s.
Based on shear stress result of 1180 Pa obtained by Main Roads for this sample in the pre-loading
step, shear-stress levels of 330, 520, 820, 1300, 2060 and 3300 Pa were used in the six
creep-stress steps associated with this sample (i.e. three below 1180 Pa and three above
1180 Pa). A summary of the peak stress levels used by both Main Roads and ARRB when their
respective 8-day Test 1 samples were tested, as well as the corresponding shear rates obtained
during testing, is presented in Table 4.3. A shear stress result of 1400 Pa was obtained by ARRB
for this sample in the pre-loading test at a shear rate of 0.005 s-1. Table 4.3 also shows the final
viscosity at 45 °C results which were obtained by Main Roads and ARRB for this sample, which
were obtained by interpolating the data obtained at different shear rates to a shear rate of
0.005 s-1.
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Figure 4.4: Relationship between shear rate and shear stress observed during the pre-loading step for the Main Roads
8-day sample (Test 1)

Table 4.3: Comparison of creep-stress levels chosen for testing of the Main Roads 8-day Test 1 and ARRB 8-day Test 1
samples
Main Roads 8-day sample (Test 1)

ARRB 8-day sample (Test 1)

Creep step #

Stress levels selected as
a result of a pre-loading
step result of 1180 Pa.s

Corresponding shear
rate during testing
(s-1)

Stress levels selected as
a result of a pre-loading
step result of 1400 Pa.s

Corresponding shear
rate during testing
(s-1)

1

330

0.00093

520

0.00134

2

520

0.00142

820

0.00213

3

820

0.00222

1300

0.00343

4

1300

0.00352

2060

0.00563

5

2060

0.00565

3300

0.00951

6

3300

0.00936

5180

0.01626

Viscosity at 45 °C result
at 0.005 s-1 (log Pa.s)

5.5589

5.5685

Due to the inability of the Main Roads DSR to reach a shear rate of 0.005 s-1 in the pre-loading
step, four of the creep-stress steps selected yielded shear rates below 0.005 s-1 and two of the
steps yielded shear rates above 0.005 s-1. The ARRB test results, by contrast, yielded the
preferred three shear rate levels below 0.005 s-1 and three shear rate levels above 0.005 s-1.
Even though the shear rate levels obtained in the Main Roads stress-sweep steps differed from
those in the ARRB tests, there still appeared to be an excellent correlation between the viscosity
results obtained at 0.005 s-1 for all samples in the inter-laboratory test program (Figure 3.1 and
Figure 3.2). Use of slightly different shear rates in the creep-stress steps therefore does not
appear to have a significant effect on final viscosity test results (as all results are interpolated to a
shear rate of 0.005 s-1). While these variations do not appear to affect the test results, it would be
good practice if laboratories conducted tests in the most similar manner as possible.
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Main Roads later reported that their DSR control software used during the inter-laboratory program
was actually not up-to-date. A new version of software was therefore installed and the shear rate
control has been improved since then.
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SUMMARY AND RECOMMENDATIONS

Although the DSR is used widely overseas, it has only been introduced relatively recently to
Australian laboratories. Project work described in this report included a DSR training session for
Main Roads operators conducted by Young Choi of ARRB. After the training session was
completed, an inter-laboratory test program was conducted between the Main Roads and ARRB
bitumen laboratories using identical samples so that the results obtained by each laboratory could
be compared. During the program, the viscosity of five bitumen samples subjected to different
periods of laboratory ageing was measured using WA 716.1. The results of the inter-laboratory
program indicated that both laboratories obtained essentially identical results when their respective
DSR instruments were used.
As a result of the DSR training and inter-laboratory test program described in this report, the
following modifications/improvements to the WA 716.1 method were proposed:


Main Roads to consider revising the WA 716.1 test procedure to include using metal/glass
containers for sample preparation and the recommended sample trimming temperatures and
trimming tool use outlined in the DSR training session. Main Roads to also consider
including the recommended stress levels for the creep-stress steps in the test in WA 716.1
as outlined in the training session.



Main Roads to consider reducing the number of creep-stress steps in the test from six steps
to four.



Main Roads to consider upgrading their DSR control software so that a shear rate of
0.005 s-1 can be achieved during the pre-loading step.

Consequently, Main Roads has upgraded the DSR control software as recommended. A new
version of the WA 716.1 test method has also been prepared to incorporate these changes.
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