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ABSTRACT 
Flexible granular pavements with thin asphalt surfacings are widely used around Perth in Western Australia.  The 
pavement thickness design is commonly undertaken using linear elastic theory and asphalt fatigue life is initially 
assessed using the Austroads model. This originally had used a “shift factor” to go from laboratory testing to field 
performance, and previous researches indicated that shift factor can range between 5 and 20. It now uses reliability 
factor, which incorporates both shift factor and desired project reliability, and this can range from 0.67 to 2.5. This 
paper presents a case study on performance of a local road pavement comprising granular crushed limestone basecourse 
with thin asphalt surfacing near Perth. Field and laboratory tests were undertaken to characterise the pavement 
materials, and modulus values of the pavement layers were back-calculated. Based on the analysis presented in this 
paper, the lower bound of shift factor values was between 5 and 15. At this level though, the road has not failed and 
shows no fatigue distress at all, which suggests that its structural capacity is much greater than these shift factors imply. 
A shift factor of at least 5 can be suggested for design of medium trafficked pavements with a thin asphalt surfacing say 
up to 75 mm in thickness. The broader question is raised for light to medium trafficked pavements with thin asphalt 
layers as to whether the structural capacity of thin asphalt layer should be considered in their structural analysis. At the 
least, it might be that the Austroads approach not to consider fatigue cracking for lightly trafficked roads could be 
extended to include the lower end of medium trafficked roads, say up to 3 x 106 ESA. 

1 ITRODUCTIO 
The in situ performance of asphalt on local roads in WA is mainly judged on fatigue (cracking), rutting and ageing 
(ravelling). Fatigue failure is generally defined as a failure resulting from the repetitive action of loads and in 
pavements the loads result from traffic moving over the pavement. Typically, failure becomes visible only after a large 
number of load repetitions. Small failures are initially located in the wheel path and appear as a network of fine cracks. 
These small cracks widen and then eventually coalesce to form a network of cracks. The cracks ultimately propagate 
through the thickness of the asphalt and lead to its failure and the loss of structural integrity of the pavement. 

Fatigue failure of the pavement is classically understood to start when a fatigue crack initiates at the bottom of the 
bituminous layers of the pavement due to local tensile strains, and propagates through the complete thickness of the 
pavement becoming apparent on the top surface. This is referred to as bottom-up fatigue cracking. The opposite, top 
down fatigue cracking, has also been observed and there are indications that this can be related to oxidative ageing of 
the surface layer.  

Fatigue life can be measured in the laboratory by advanced tests on asphalt mixes. There are also fatigue life prediction 
models developed by Shell and others, which allow fatigue life to be predicted from routine laboratory tests. The 
models were derived from laboratory fatigue relationships and are only valid within the range of mix types (mainly 
conventional asphalt mixes), volumetric compositions and loading conditions investigated, and the extent of field 
validation carried out (Baburamani, 1999).  

The actual fatigue life of asphalt on the road, in situ, is usually longer than predicted by the laboratory testing. The 
general method within industry is to predict in situ pavement fatigue life from fatigue models by applying a shift factor. 
This shift factor allows fatigue to be estimated while taking into account the actual traffic load distribution in terms of 
loading amplitude, rest periods in between the loads (allowing micro-damage healing), variation in service temperature 
and binder ageing effects, traffic wander and also variations between the various fatigue tests. The shift factor itself is 
determined empirically (and therefore only valid for the type of fatigue test and the type of asphalts used in empirical 
databases) and its value may vary between 3 and 100 (Soenen, 2008). 

The Shell fatigue criterion is shown as Equation 1. It predicts the number of loads to failure for a certain tensile strain 
level, stiffness modulus and volume percentage of bitumen in the mix. The fatigue criterion was derived in the 
laboratory (Shell, 1978). The laboratory relationship was based on controlled strain sinusoidal loading fatigue tests on 
13 typical asphalt mixes from various countries (Van Dijk, 1975). The asphalt mixes included open, gap and dense 
graded with voids from 1.7% to 33.2%. As local roads in WA typically use asphalt with target design air voids between 
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3-5% for 35-blow compaction, there is a great level of variation and questions are thus raised on the reliability to 
predict fatigue.  

The Austroads design method approach to shift factor has varied over time. The 1987 and 1992 Pavement Design 
Guides did not provide for a shift factor (NAASRA, 1987 and Austroads, 1992) because the relationship between 
fatigue failure in the laboratory and the field was not appreciated by the working group at the time (Austroads, 2008a). 

The 2001 draft Pavement Design Guide adopted a shift factor of five to the Shell laboratory fatigue relationship from 
the investigation by Jameson (1999). The 2004 Guide took note of comments received on the draft 2001 Guide, and 
replaced the simple shift factor with reliability factor, which incorporated both shift factor and desired project reliability 
(Table 1). This approach continued in the 2008 and the current 2012 guides (Austroads, 2008b and 2012). The asphalt 
fatigue criteria given in Section 6 (Austroads, 2012) is applicable to moderate-to-heavily trafficked roads. As fatigue 
cracking is not a common distress mode for lightly trafficked roads, this distress mode is not considered for lightly 
trafficked roads (defined by them as ≤1 x 105 ESA). 

         (1) 

 Where: 

Nf = allowable number of loading repetitions until fatigue cracking failure. There are various definitions of 
fatigue cracking failure used in the literature, and a value of “10% or less fatigue cracking” is often 
applied. 

RF = reliability factor (2004 Austroads Guide onwards) or shift factor (2001 Austroads Guide). RF = 1 if no 
shift factor is being applied. 

Vb = percentage by volume of bitumen in the asphalt mix (%) 

Smix = asphalt stiffness (flexural) modulus (MPa) 

με = tensile strain at the bottom of the asphalt layer (microstrain) 

Table 1:  Austroads reliability Factors (RF) for asphalt fatigue. 

Desired project reliability 
80% 85% 90% 95% 97.5% 
2.5 2.0 1.5 1.0 0.67 

2 LITERATURE REVIEW 
A literature review of asphalt fatigue life prediction models was undertaken in 1999 by the Australian Road Research 
Board (ARRB) (Baburamani, 1999). This considered the prediction models by Shell, Asphalt Institute, SHRP and 
others. The Shell models were developed from controlled strain sinusoidal loading fatigue test data; the Asphalt 
Institute models from controlled stress testing also termed constant strain and constant stress respectively). It is 
generally held that the constant strain mode of loading best represents performance of thin asphalt surfacings (<70 mm), 
while the constant stress mode of loading best represents the performance of thicker asphalts such as bases (>70 mm). 
Other tests used by researchers include diametral fatigue tests (indirect tensile test) and two-point, three-point and four-
point bending fatigue tests. The dissipated energy approach encompasses both the stress/strain response and the 
dynamic viscoelastic response. The dissipated energy can be related to the number of cycles to failure and to the 
initiation and accumulation of damage during repetitive loading; SHRP relates initial dissipated energy per cycle at the 
50th cycle (Van Dijk and Visser, 1977). 

More recently, some methods to determine stress state and traffic-wander shift factors were developed (Al-Qadi and 
Nasser, 2003) using pavement response to loading measured at the highly instrumented Virginia Smart Road. They 
concluded that predicting in-service fatigue life of asphalt based on laboratory tests has not been successful thus far. 
Prowell (2010) estimated shift factors for four sections from the 2003 NCAT Test Track. Asphalt temperatures and 
strain values measured under the pass of the NCAT trucks were used to compute damage on an hourly basis; this 
damage was accumulated according to Miner’s hypothesis (1945). The laboratory fatigue life was obtained from four-
point bending tests conducted at 20 °C and 10 Hz (AASHTO T 321). Shift factors between 4.2 and 75.8 were obtained 
on asphalt thicknesses from 125 mm to 175 mm. In Spain at the CEDEX Full-Scale Test Track, Mateos et al. (2011) 
found very high shift factors, but when the data were converted to equivalency for comparison with shift factors based 
on AASHTO T 321 (2011) the shift factor was 11.4.  
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In New Zealand, a fatigue performance criterion was developed for a polymer modified asphalt mixture (Stubbs et al., 
2014). A design philosophy was used which followed the design principles of AUSTROADS and its New Zealand 
Supplement except the tensile strain criterion for the asphalt mix was derived from beam fatigue tests instead of using 
the Shell equation (Equation 1). The use of strain criterion derived from beam fatigue tests had not been used before on 
a New Zealand State Highway but is an accepted method in the AUSTROADS guide provided the laboratory 
performance is correlated with the field. Stubbs et al. (op. cit.) do not apply a shift factor to the beam fatigue test to 
ensure the resulting design was conservative. 

The South African mechanistic design method (SAMDM) uses a shift factor for asphalt to convert the crack initiation 
life to the total fatigue life after surface cracks appear on the road surface. The total asphalt depth is considered to 
determine the shift factor, which ranges from 1 for 25 mm thick asphalt, 2 for 50 mm thick asphalt and 5 for 100 mm 
thick asphalt (Theyse et al., 1996). In recent years the general approach for thin asphalt layers in South Africa is to not 
consider shift factors in structural design. Industry in South Africa generally considers that the 1996 SAMDM fatigue 
transfer functions for asphalt are not reliable. With asphalt layers that are less than 50 mm thick, their experience is that 
failure of the asphalt layer is not necessarily a terminal condition for the pavement. The pavement can continue to carry 
traffic with the application of crack sealants to cracks, a seal to waterproof the layer, or patches to correct particularly 
weak areas. For these reasons, in an analysis of the full pavement system, the structural capacity of thin asphalt layers is 
usually not considered in the critical layer determination (SANRAL, 2013). Of note, the asphalt used on local roads in 
WA is usually thin (≤ 50 mm).  

There is industry concern in Australia that current Australian pavement design procedures are producing overly 
conservative asphalt thickness requirements. During a master class of industry, State Road Authorities and consultants 
identified a number of issues, which were potentially contributing to the conservative design outcomes. These included 
limited data on material characterisation of Australian mixtures, the lack of an appropriate shift factor between 
laboratory and field testing and the lack of recognition of a “threshold” strain or Fatigue Endurance Limit (Sullivan and 
Nikraz, 2014).  

It seems that fifteen years after the ARRB literature review (op. cit.), shift factor is still an issue and the “determination 
of the shift factor to be applied constitutes one of the main challenges of flexible pavements design” (Mateos et al., 
2011). Baburamani (1999) recommended that applying fatigue prediction models to Australian conditions should be 
followed by field validation due to the lack of quantitative information on the long-term field performance of asphalt 
mixes with conventional and other binder types. This is just as valid today, and the field validation undertaken for this 
paper will assist in the estimation of shift factors and hence in the assessment of the appropriate pavement thickness. 

3 CASE STUDY 
The concept of assessment of shift factor is presented based on the following case studies around the Perth area in 
Western Australia. 

 Keane Road – based on results of pavement investigation and known volume of traffic applied in the 
three years following construction and 

 Pavement profile recommended by IPWEA (2006) based on past experience around Perth. 

3.1 KEAE ROAD 
Keane Road in Harrisdale, Perth is an existing surfaced road. It is typical of a road designed to service residential areas, 
and design traffic consisted of the normal mix of light vehicles, delivery trucks, buses and construction traffic (for 
houses and nearby roads). The northern 200 metres is a 2 lane surfaced road with 7.3 m carriageway width. The 
southern 600 metres is a divided road with two 5 m wide carriageways. There are three roundabouts located along the 
northern 800 m of Keane Road. Keane Road extends from Nicholson Road in the north to Armadale Road in the south, 
however the section between Skeet Road and Anstey Road is yet to be constructed.  

There was unplanned and significant extra traffic arising out of the need to import sand fill for the development of 
housing blocks. Some 1.6 million tonnes of sand was hauled from Nicholson Road southbound along the northern part 
of Keane Road. The trucks used to haul sand were a mixture of 'right of carriage' tri-axle semi-tippers (gross weight 
42.5 tonnes, payload 26 tonnes, 6 axles, Austroads Class 9) and truck and dog trailer units (gross weight 46 tonnes, 
payload 31 tonnes, 6 axles, Austroads Class 9). This extra traffic provided the opportunity to assess asphalt fatigue and 
pavement performance in an accelerated trafficking situation. 
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3-5% for 35-blow compaction, there is a great level of variation and questions are thus raised on the reliability to 
predict fatigue.  

The Austroads design method approach to shift factor has varied over time. The 1987 and 1992 Pavement Design 
Guides did not provide for a shift factor (NAASRA, 1987 and Austroads, 1992) because the relationship between 
fatigue failure in the laboratory and the field was not appreciated by the working group at the time (Austroads, 2008a). 

The 2001 draft Pavement Design Guide adopted a shift factor of five to the Shell laboratory fatigue relationship from 
the investigation by Jameson (1999). The 2004 Guide took note of comments received on the draft 2001 Guide, and 
replaced the simple shift factor with reliability factor, which incorporated both shift factor and desired project reliability 
(Table 1). This approach continued in the 2008 and the current 2012 guides (Austroads, 2008b and 2012). The asphalt 
fatigue criteria given in Section 6 (Austroads, 2012) is applicable to moderate-to-heavily trafficked roads. As fatigue 
cracking is not a common distress mode for lightly trafficked roads, this distress mode is not considered for lightly 
trafficked roads (defined by them as ≤1 x 105 ESA). 

         (1) 

 Where: 

Nf = allowable number of loading repetitions until fatigue cracking failure. There are various definitions of 
fatigue cracking failure used in the literature, and a value of “10% or less fatigue cracking” is often 
applied. 

RF = reliability factor (2004 Austroads Guide onwards) or shift factor (2001 Austroads Guide). RF = 1 if no 
shift factor is being applied. 

Vb = percentage by volume of bitumen in the asphalt mix (%) 

Smix = asphalt stiffness (flexural) modulus (MPa) 

με = tensile strain at the bottom of the asphalt layer (microstrain) 

Table 1:  Austroads reliability Factors (RF) for asphalt fatigue. 

Desired project reliability 
80% 85% 90% 95% 97.5% 
2.5 2.0 1.5 1.0 0.67 

2 LITERATURE REVIEW 
A literature review of asphalt fatigue life prediction models was undertaken in 1999 by the Australian Road Research 
Board (ARRB) (Baburamani, 1999). This considered the prediction models by Shell, Asphalt Institute, SHRP and 
others. The Shell models were developed from controlled strain sinusoidal loading fatigue test data; the Asphalt 
Institute models from controlled stress testing also termed constant strain and constant stress respectively). It is 
generally held that the constant strain mode of loading best represents performance of thin asphalt surfacings (<70 mm), 
while the constant stress mode of loading best represents the performance of thicker asphalts such as bases (>70 mm). 
Other tests used by researchers include diametral fatigue tests (indirect tensile test) and two-point, three-point and four-
point bending fatigue tests. The dissipated energy approach encompasses both the stress/strain response and the 
dynamic viscoelastic response. The dissipated energy can be related to the number of cycles to failure and to the 
initiation and accumulation of damage during repetitive loading; SHRP relates initial dissipated energy per cycle at the 
50th cycle (Van Dijk and Visser, 1977). 

More recently, some methods to determine stress state and traffic-wander shift factors were developed (Al-Qadi and 
Nasser, 2003) using pavement response to loading measured at the highly instrumented Virginia Smart Road. They 
concluded that predicting in-service fatigue life of asphalt based on laboratory tests has not been successful thus far. 
Prowell (2010) estimated shift factors for four sections from the 2003 NCAT Test Track. Asphalt temperatures and 
strain values measured under the pass of the NCAT trucks were used to compute damage on an hourly basis; this 
damage was accumulated according to Miner’s hypothesis (1945). The laboratory fatigue life was obtained from four-
point bending tests conducted at 20 °C and 10 Hz (AASHTO T 321). Shift factors between 4.2 and 75.8 were obtained 
on asphalt thicknesses from 125 mm to 175 mm. In Spain at the CEDEX Full-Scale Test Track, Mateos et al. (2011) 
found very high shift factors, but when the data were converted to equivalency for comparison with shift factors based 
on AASHTO T 321 (2011) the shift factor was 11.4.  
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In New Zealand, a fatigue performance criterion was developed for a polymer modified asphalt mixture (Stubbs et al., 
2014). A design philosophy was used which followed the design principles of AUSTROADS and its New Zealand 
Supplement except the tensile strain criterion for the asphalt mix was derived from beam fatigue tests instead of using 
the Shell equation (Equation 1). The use of strain criterion derived from beam fatigue tests had not been used before on 
a New Zealand State Highway but is an accepted method in the AUSTROADS guide provided the laboratory 
performance is correlated with the field. Stubbs et al. (op. cit.) do not apply a shift factor to the beam fatigue test to 
ensure the resulting design was conservative. 

The South African mechanistic design method (SAMDM) uses a shift factor for asphalt to convert the crack initiation 
life to the total fatigue life after surface cracks appear on the road surface. The total asphalt depth is considered to 
determine the shift factor, which ranges from 1 for 25 mm thick asphalt, 2 for 50 mm thick asphalt and 5 for 100 mm 
thick asphalt (Theyse et al., 1996). In recent years the general approach for thin asphalt layers in South Africa is to not 
consider shift factors in structural design. Industry in South Africa generally considers that the 1996 SAMDM fatigue 
transfer functions for asphalt are not reliable. With asphalt layers that are less than 50 mm thick, their experience is that 
failure of the asphalt layer is not necessarily a terminal condition for the pavement. The pavement can continue to carry 
traffic with the application of crack sealants to cracks, a seal to waterproof the layer, or patches to correct particularly 
weak areas. For these reasons, in an analysis of the full pavement system, the structural capacity of thin asphalt layers is 
usually not considered in the critical layer determination (SANRAL, 2013). Of note, the asphalt used on local roads in 
WA is usually thin (≤ 50 mm).  

There is industry concern in Australia that current Australian pavement design procedures are producing overly 
conservative asphalt thickness requirements. During a master class of industry, State Road Authorities and consultants 
identified a number of issues, which were potentially contributing to the conservative design outcomes. These included 
limited data on material characterisation of Australian mixtures, the lack of an appropriate shift factor between 
laboratory and field testing and the lack of recognition of a “threshold” strain or Fatigue Endurance Limit (Sullivan and 
Nikraz, 2014).  

It seems that fifteen years after the ARRB literature review (op. cit.), shift factor is still an issue and the “determination 
of the shift factor to be applied constitutes one of the main challenges of flexible pavements design” (Mateos et al., 
2011). Baburamani (1999) recommended that applying fatigue prediction models to Australian conditions should be 
followed by field validation due to the lack of quantitative information on the long-term field performance of asphalt 
mixes with conventional and other binder types. This is just as valid today, and the field validation undertaken for this 
paper will assist in the estimation of shift factors and hence in the assessment of the appropriate pavement thickness. 

3 CASE STUDY 
The concept of assessment of shift factor is presented based on the following case studies around the Perth area in 
Western Australia. 

 Keane Road – based on results of pavement investigation and known volume of traffic applied in the 
three years following construction and 

 Pavement profile recommended by IPWEA (2006) based on past experience around Perth. 

3.1 KEAE ROAD 
Keane Road in Harrisdale, Perth is an existing surfaced road. It is typical of a road designed to service residential areas, 
and design traffic consisted of the normal mix of light vehicles, delivery trucks, buses and construction traffic (for 
houses and nearby roads). The northern 200 metres is a 2 lane surfaced road with 7.3 m carriageway width. The 
southern 600 metres is a divided road with two 5 m wide carriageways. There are three roundabouts located along the 
northern 800 m of Keane Road. Keane Road extends from Nicholson Road in the north to Armadale Road in the south, 
however the section between Skeet Road and Anstey Road is yet to be constructed.  

There was unplanned and significant extra traffic arising out of the need to import sand fill for the development of 
housing blocks. Some 1.6 million tonnes of sand was hauled from Nicholson Road southbound along the northern part 
of Keane Road. The trucks used to haul sand were a mixture of 'right of carriage' tri-axle semi-tippers (gross weight 
42.5 tonnes, payload 26 tonnes, 6 axles, Austroads Class 9) and truck and dog trailer units (gross weight 46 tonnes, 
payload 31 tonnes, 6 axles, Austroads Class 9). This extra traffic provided the opportunity to assess asphalt fatigue and 
pavement performance in an accelerated trafficking situation. 
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Figure 1:  Typical view of Keane Road 

3.1.1 Description 
The site is situated within a parabolic “dune and bowl” system comprising west to east oriented parabolic dunes. The 
Bassendean Dunes, as they are known, are composed of medium to fine grained quartz sands of the Bassendean Sand 
formation (Qpb) with interstitial fine grained silts and clays. The basins located between the dunes are filled with peat, 
peaty and/or humic sands, sandy peats, carbonate mud, diatomites and diatomaceous sands. Peaty material is not 
pervasive through all low-lying areas and is primarily prevalent to the north and west of the study section of Keane 
Road.  

Geotechnical investigations carried out adjacent to Keane Road indicated the near surface geology to comprise medium 
to fine grained quartz sand. Clayey soils were not encountered within the immediate vicinity of this section of Keane 
Road.  

Groundwater in the Forrestdale area generally flows from west to east with a hydraulic gradient of around 0.001. The 
Perth Groundwater Atlas (Department of Environment, 2004) shows the depth to groundwater along Kean Road ranges 
from 2 m at its northern end to 3 m at the southern end of the study section; seasonal variations of around 0.5 m are 
expected. There are also shallow infiltration basins close to the road in some places. 

The Keane Road pavement structure was the standard urban light traffic design used in the region. This design was for a 
sand subgrade, overlain by 200 mm limestone basecourse, with 40 mm of 10-14 mm asphalt and 25 mm of 7 mm 
asphalt wearing course as suggested in IPWEA (2006). This was built progressively over 2011-2012. The Bassendean 
Sand geological unit subgrade has a design CBR of 12% (Cray, 2003). The typical pavement design profile for Keane 
Road is shown in Figure 2.  

 
Figure 2:  Keane Road (IPWEA Option 1) Pavement Profile. 

3.1.2 Sources of Data on pavement 
A field investigation was carried out by ARRB in March 2013 along an 850m section of Keane Road in 2013, which 
comprised: 
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 Excavation of test pits/pavement dipping at 9 locations followed by laboratory tests (3 sets of Particle 
Size Distribution, Atterberg Limits and Soaked California Bearing Ratio (CBR) tests) on granular sample 
materials collected from test pits  and 

 Falling Weight Deflectometer (FWD) tests at 24 locations at an average overall spacing of 35 m with 
nominally 700kPa drop stress. 

In July 2014 an investigation was undertaken on groundwater levels by drilling hand-augured boreholes around the low 
elevation of the road section. Groundwater was not observed within 1.4 m from the pavement surface level around the 
lowest elevation location along the Keane Road alignment. 

Based on the results of above investigation the average pavement profile is as shown in Figure 3. 

 
Figure 3:  As Constructed Pavement Profile (from ARRB investigation). 

The crushed limestone materials complied with requirements for crushed limestone subbase noted in Main Roads WA 
(2011) with soaked CBR values ranging between 70% and 100%. Sand was non-plastic with about 5% fines (<0.075 
mm) with soaked CBR values ranging between 25% and 35%. A summary of the results of the FWD tests including 
characteristic values based on Austroads (2011) are presented in Table 2. The average pavement surface temperature 
was about 360C.  

Table 2:  Summary of 2013 FWD Test Results (700kPa Drop Stress) along Keane Road. 

Parameter umber of 
Tests 

Average  
Value 

Standard 
Deviation 

Coefficient of 
Variance (COV) 

Characteristic 
Value 

Deflection D0 24 0.41mm 0.065mm 0.2 0.52mm 
Curvature D0 – D200 24 0.13mm 0.03 0.2 0.13mm 

COV values of less than 0.25 noted in Table 2 indicate uniform structural condition of the pavements. A characteristic 
deflection value of 0.52 mm indicates a traffic load carrying capacity of greater than 1 x 108 ESA (from permanent 
subgrade deformation perspective) based on Austroads (2011). 

3.1.3 Sources of data on applied load 
The pavement loading induced by the trucks importing sand comprises full trucks arriving (Table 3) and empty trucks 
leaving (Table 4). The load is quite different for each case because it depends very much on the weight of the trucks. 
The total sand carted was 1,600,000 tonnes. The project traffic loading is expressed as equivalent standard axles 
(ESAs). 

Table 3:  ESAs generated by laden trucks 

Sand carted 1,600,000 tonnes 
Truck type Tri-axle semi-trailer Truck and dog 
% vehicles 50% 50% 
Payload (t) 26 31 
umber of trucks 30,769 25,806 
ESA/vehicle 5.0 7.1 
ESA total 2.8E+05 
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materials collected from test pits  and 

 Falling Weight Deflectometer (FWD) tests at 24 locations at an average overall spacing of 35 m with 
nominally 700kPa drop stress. 

In July 2014 an investigation was undertaken on groundwater levels by drilling hand-augured boreholes around the low 
elevation of the road section. Groundwater was not observed within 1.4 m from the pavement surface level around the 
lowest elevation location along the Keane Road alignment. 

Based on the results of above investigation the average pavement profile is as shown in Figure 3. 

 
Figure 3:  As Constructed Pavement Profile (from ARRB investigation). 

The crushed limestone materials complied with requirements for crushed limestone subbase noted in Main Roads WA 
(2011) with soaked CBR values ranging between 70% and 100%. Sand was non-plastic with about 5% fines (<0.075 
mm) with soaked CBR values ranging between 25% and 35%. A summary of the results of the FWD tests including 
characteristic values based on Austroads (2011) are presented in Table 2. The average pavement surface temperature 
was about 360C.  

Table 2:  Summary of 2013 FWD Test Results (700kPa Drop Stress) along Keane Road. 

Parameter umber of 
Tests 

Average  
Value 

Standard 
Deviation 

Coefficient of 
Variance (COV) 

Characteristic 
Value 

Deflection D0 24 0.41mm 0.065mm 0.2 0.52mm 
Curvature D0 – D200 24 0.13mm 0.03 0.2 0.13mm 

COV values of less than 0.25 noted in Table 2 indicate uniform structural condition of the pavements. A characteristic 
deflection value of 0.52 mm indicates a traffic load carrying capacity of greater than 1 x 108 ESA (from permanent 
subgrade deformation perspective) based on Austroads (2011). 

3.1.3 Sources of data on applied load 
The pavement loading induced by the trucks importing sand comprises full trucks arriving (Table 3) and empty trucks 
leaving (Table 4). The load is quite different for each case because it depends very much on the weight of the trucks. 
The total sand carted was 1,600,000 tonnes. The project traffic loading is expressed as equivalent standard axles 
(ESAs). 

Table 3:  ESAs generated by laden trucks 

Sand carted 1,600,000 tonnes 
Truck type Tri-axle semi-trailer Truck and dog 
% vehicles 50% 50% 
Payload (t) 26 31 
umber of trucks 30,769 25,806 
ESA/vehicle 5.0 7.1 
ESA total 2.8E+05 
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Table 4: ESAs generated by empty trucks. 

Sand carted Nil tonnes 
Truck type Tri-axle semi-trailer Truck and dog 
% vehicles 50% 50% 
Payload (t) n.a. n.a. 
umber of trucks 30,769 25,806 
ESA/vehicle 0.4 0.4 
ESA total 2.3E+04 

Based on the traffic information recorded by the City of Armadale, a summary of the traffic loading information for the 
first three years following construction is presented in Table 5. Using this, a traffic loading of about 7 x 105 ESA was 
assessed until July 2014 for the first three years following construction; annual average daily lane traffic (AADT) was 
340 in 2013 (ARRB, 2013). For Keane Road with this level of traffic, the appropriate project reliability level would be 
80-90% (Table 2.1, Austroads, 2012). The Austroads (2012) asphalt fatigue shift factor would be between 1.5 and 2.5 
(Table 6.15 of Section 6, Austroads, 2012).  

Table 5:  Information on Traffic Loading (Keane Road). 

Item 
Austroads Vehicle Class 

Total 3 4 5 6 7 8 9 10 11 12 
 Axle Type 

No. Axle 
Groups 

SAST 1 1 1 1 1 1 1 1 1 2  
SADT 1  1 2 1       
TADT  1 1  1 1 1 1 2 2  
TRDT       1 2 2 2  

ESA/HVAG* SAST 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64  
SADT 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48  
TADT 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07  
TRDT 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38  

Average ESAS/HV 3.12 3.71 5.19 4.60 5.19 3.71 5.09 6.47 8.54 11.99  
% HV  1.2 16.3 1.2 0.2 0.4 0.2 21.7 0 0 0.2 41.4 
AADT            340 
ESA (3 Years)  1.4 x 

104 
2.3 x 
105 

2.3 x 
104 

3.4 x 
103 

7.7 x 
103 

2.7 x 
1034 

4.1 x 
105 0 0 8.9 x 

103 7 x 105 

ote: SAST: Single Axle Single Tyre; SADT: Single Axle Dual tyre; TADT: Tandem Axle Dual Tyre; TRDT: Tri-axle Dual Tyre; 
HVAG: Heavy Vehicle Axle Group; HV: Heavy Vehicle; AADT: Annual Average Daily Traffic 

3.1.4 Climate data 
A summary of rainfall and temperature information from 2012 at the nearby Jandakot Aerodrome is presented in Table 
6 and Table 7. 

Table 6 Summary of Rainfall at Jandakot Aerodrome (Bureau of Meteorology) 

Year Monthly Rainfall (mm) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2012 12.8 16.6 0.2 69.4 53.6 168.4 34.6 100.6 114.2 17.4 67.8 28.8 
2013 6.4 1.6 61.6 19.2 164.2 51.2 165.2 194.6 173.2 40.4 9.4 2.0 
2014 0 0 15.8 22.2 125.8 115.0 186.2 109.4 72.0 29.4   

 
Table 7 Summary of Temperature at Jandakot Aerodrome (Bureau of Meteorology) 

Year 
Temperature (0C) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean Maximum Values 

2012 33.5 30.9 31.3 26.0 22.7 19.3 18.9 19.6 21.1 24.6 25.5 30.7 
2013 31.6 34.1 28.1 28.0 21.3 19.6 18.3 19.8 19.7 23.6 28.9 30.2 
2014 32.2 33.1 29.9 26.2 21.1 19.1 18.2      

 Mean Minimum Values 
2012 19.4 17.8 15.0 12.7 9.0 9.2 3.8 7.1 8.4 10.6 11.8 16.4 
2013 18.4 17.9 14.8 15.3 9.1 6.5 5.8 9.9 10.8 10.6 14.9 14.9 
2014 17.3 17.5 16.5 12.2 11.5 5.6 7.9      
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3.1.5 Back analyses using EFROMD2 
Modulus values of the pavement layers were assessed using EFROMD2 computer program developed by ARRB and 
the results of FWD tests at 24 locations. EFROMD2 uses the CIRCLY subroutine (ARRB, 1991). The asphalt layer was 
considered as a single layer with isotropic material. The crushed limestone layer was divided into 5 equal sub layers and 
a degree of anisotropy of 2 was adopted. Maximum and minimum limits of the limestone modulus values were 
generally selected based on Main Roads WA (2013) and Austroads (2012). A maximum number of iterations of 10 was 
adopted with an average error function of 0.56 (ARRB, 1991). A summary of the average back-calculated modulus 
values are presented in Table 8.   

Table 8:  Average Back-calculated Modulus Values based on EFROMD2 Analysis. 

Item DGA 60mm 
Thickness 

Crushed Limestone Sub-layers of 44 mm Thickness Sand 
Subgrade 

Sub-layer 1 Sub-layer 2 Sub-layer 3 Sub-layer 4 Sub-layer 5  
Modulus 4000 MPa 350 MPa 302 MPa 270 MPa 240 MPa 200 MPa 200 MPa 

3.1.6 Estimate of lower bound shift factor 
The shift factor values have been assessed based on the ratio of the actual traffic loading to date and the theoretical 
fatigue life of the DGA layer. Actual traffic loading information is presented in Section 3.1.3 of this paper. The 
theoretical asphalt fatigue life of asphalt was assessed based on a sensitivity analysis undertaken using the mechanistic 
analysis method and CIRCLY computer program (Version 5.0u). The pavement configuration noted in Section 3.1.2 
was adopted in the analysis. Sensitivity analysis was undertaken using input asphalt parameters generally based on 
Main Roads WA (2013) and Austroads (2012) as noted in Table 9. Table 6.3 of Austroads (2012) suggests a 
presumptive modulus value of 250 MPa for subbase quality materials. Maximum vertical modulus values of 350 MPa 
and 250 MPa were adopted in sensitive analysis for limestone layers based on EFROMD2 analysis and Austroads 
(2012). Ratio of Standard Axle Repetition (SAR) and ESA of 1.13 and 1.64 were adopted for asphalt fatigue and rutting 
and shape loss respectively based on Main Roads WA (2013).   

A Weighted Mean Annual Pavement Temperature (WMAPT) of 290C was adopted based on Austroads (2012). It 
should be noted that the asphalt modulus based on EFROMD2 analysis corresponds to an average pavement surface 
temperature of 360C. Asphalt modulus at a WMAPT of 290C is likely to be higher. 

Table 9:  Asphalt Properties adopted in CIRCLY Analysis. 

Material Design Modulus Bitumen Binder 
Content by Volume 

Asphalt Fatigue 
Factor k Remarks 

DGA 14 mm 2600 MPa 10.3% 4037 Based on Main Roads WA 
(2013) 

DGA 14 mm 2400 MPa 10.3% 4155 Based on Austroads (2012) 

DGA 14 mm 4000 MPa 12% 3966 Based on results of EFROMD2 
analysis and IPEWA (2006) 

The implicit shift factors as if the road had reached 10% fatigue cracking at an actual traffic loading of 7 x 105 ESA 
were calculated; these and the results of the sensitivity analysis are presented in Table 10. 

Table 10:  CIRCLY Analysis of Keane Road. 

DGA 
Modulus 

Asphalt Fatigue Life Minimum Shift Factor (based on 7 x 105 ESA until 
June 2014) 

Crushed Limestone 
Modulus Ev of 350 MPa 

Crushed Limestone 
Modulus Ev of 250 

MPa 

Crushed Limestone 
Modulus Ev of 350 

MPa 

Crushed Limestone 
Modulus Ev of 250 

MPa 
2600 MPa 1.3 x 105 ESA 5.7 x 104 ESA 5.5 12.2 
2400 MPa 1.3 x 105 ESA 5.7 x 104 ESA 5.3 12.2 
4000 MPa 2.4 x 105 ESA 1.2 x 105 ESA 2.9 5.6 

The fatigue lives estimated in Table 10 are all low, yet Keane Road had carried a traffic load of 7 x 105 ESA by June 
2014, and more since without visible asphalt fatigue failure. The minimum shift factors in Table 10 were estimated as if 
Keane Road had 10% fatigue cracking at June 2014, which it did not. These must be considered as lower bound shift 
factors and the actual shift factors could be significantly higher. 
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Table 4: ESAs generated by empty trucks. 

Sand carted Nil tonnes 
Truck type Tri-axle semi-trailer Truck and dog 
% vehicles 50% 50% 
Payload (t) n.a. n.a. 
umber of trucks 30,769 25,806 
ESA/vehicle 0.4 0.4 
ESA total 2.3E+04 

Based on the traffic information recorded by the City of Armadale, a summary of the traffic loading information for the 
first three years following construction is presented in Table 5. Using this, a traffic loading of about 7 x 105 ESA was 
assessed until July 2014 for the first three years following construction; annual average daily lane traffic (AADT) was 
340 in 2013 (ARRB, 2013). For Keane Road with this level of traffic, the appropriate project reliability level would be 
80-90% (Table 2.1, Austroads, 2012). The Austroads (2012) asphalt fatigue shift factor would be between 1.5 and 2.5 
(Table 6.15 of Section 6, Austroads, 2012).  

Table 5:  Information on Traffic Loading (Keane Road). 

Item 
Austroads Vehicle Class 

Total 3 4 5 6 7 8 9 10 11 12 
 Axle Type 

No. Axle 
Groups 

SAST 1 1 1 1 1 1 1 1 1 2  
SADT 1  1 2 1       
TADT  1 1  1 1 1 1 2 2  
TRDT       1 2 2 2  

ESA/HVAG* SAST 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64 1.64  
SADT 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48 1.48  
TADT 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07 2.07  
TRDT 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38 1.38  

Average ESAS/HV 3.12 3.71 5.19 4.60 5.19 3.71 5.09 6.47 8.54 11.99  
% HV  1.2 16.3 1.2 0.2 0.4 0.2 21.7 0 0 0.2 41.4 
AADT            340 
ESA (3 Years)  1.4 x 

104 
2.3 x 
105 

2.3 x 
104 

3.4 x 
103 

7.7 x 
103 

2.7 x 
1034 

4.1 x 
105 0 0 8.9 x 

103 7 x 105 

ote: SAST: Single Axle Single Tyre; SADT: Single Axle Dual tyre; TADT: Tandem Axle Dual Tyre; TRDT: Tri-axle Dual Tyre; 
HVAG: Heavy Vehicle Axle Group; HV: Heavy Vehicle; AADT: Annual Average Daily Traffic 

3.1.4 Climate data 
A summary of rainfall and temperature information from 2012 at the nearby Jandakot Aerodrome is presented in Table 
6 and Table 7. 

Table 6 Summary of Rainfall at Jandakot Aerodrome (Bureau of Meteorology) 

Year Monthly Rainfall (mm) 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2012 12.8 16.6 0.2 69.4 53.6 168.4 34.6 100.6 114.2 17.4 67.8 28.8 
2013 6.4 1.6 61.6 19.2 164.2 51.2 165.2 194.6 173.2 40.4 9.4 2.0 
2014 0 0 15.8 22.2 125.8 115.0 186.2 109.4 72.0 29.4   

 
Table 7 Summary of Temperature at Jandakot Aerodrome (Bureau of Meteorology) 

Year 
Temperature (0C) 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Mean Maximum Values 

2012 33.5 30.9 31.3 26.0 22.7 19.3 18.9 19.6 21.1 24.6 25.5 30.7 
2013 31.6 34.1 28.1 28.0 21.3 19.6 18.3 19.8 19.7 23.6 28.9 30.2 
2014 32.2 33.1 29.9 26.2 21.1 19.1 18.2      

 Mean Minimum Values 
2012 19.4 17.8 15.0 12.7 9.0 9.2 3.8 7.1 8.4 10.6 11.8 16.4 
2013 18.4 17.9 14.8 15.3 9.1 6.5 5.8 9.9 10.8 10.6 14.9 14.9 
2014 17.3 17.5 16.5 12.2 11.5 5.6 7.9      
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3.1.5 Back analyses using EFROMD2 
Modulus values of the pavement layers were assessed using EFROMD2 computer program developed by ARRB and 
the results of FWD tests at 24 locations. EFROMD2 uses the CIRCLY subroutine (ARRB, 1991). The asphalt layer was 
considered as a single layer with isotropic material. The crushed limestone layer was divided into 5 equal sub layers and 
a degree of anisotropy of 2 was adopted. Maximum and minimum limits of the limestone modulus values were 
generally selected based on Main Roads WA (2013) and Austroads (2012). A maximum number of iterations of 10 was 
adopted with an average error function of 0.56 (ARRB, 1991). A summary of the average back-calculated modulus 
values are presented in Table 8.   

Table 8:  Average Back-calculated Modulus Values based on EFROMD2 Analysis. 

Item DGA 60mm 
Thickness 

Crushed Limestone Sub-layers of 44 mm Thickness Sand 
Subgrade 

Sub-layer 1 Sub-layer 2 Sub-layer 3 Sub-layer 4 Sub-layer 5  
Modulus 4000 MPa 350 MPa 302 MPa 270 MPa 240 MPa 200 MPa 200 MPa 

3.1.6 Estimate of lower bound shift factor 
The shift factor values have been assessed based on the ratio of the actual traffic loading to date and the theoretical 
fatigue life of the DGA layer. Actual traffic loading information is presented in Section 3.1.3 of this paper. The 
theoretical asphalt fatigue life of asphalt was assessed based on a sensitivity analysis undertaken using the mechanistic 
analysis method and CIRCLY computer program (Version 5.0u). The pavement configuration noted in Section 3.1.2 
was adopted in the analysis. Sensitivity analysis was undertaken using input asphalt parameters generally based on 
Main Roads WA (2013) and Austroads (2012) as noted in Table 9. Table 6.3 of Austroads (2012) suggests a 
presumptive modulus value of 250 MPa for subbase quality materials. Maximum vertical modulus values of 350 MPa 
and 250 MPa were adopted in sensitive analysis for limestone layers based on EFROMD2 analysis and Austroads 
(2012). Ratio of Standard Axle Repetition (SAR) and ESA of 1.13 and 1.64 were adopted for asphalt fatigue and rutting 
and shape loss respectively based on Main Roads WA (2013).   

A Weighted Mean Annual Pavement Temperature (WMAPT) of 290C was adopted based on Austroads (2012). It 
should be noted that the asphalt modulus based on EFROMD2 analysis corresponds to an average pavement surface 
temperature of 360C. Asphalt modulus at a WMAPT of 290C is likely to be higher. 

Table 9:  Asphalt Properties adopted in CIRCLY Analysis. 

Material Design Modulus Bitumen Binder 
Content by Volume 

Asphalt Fatigue 
Factor k Remarks 

DGA 14 mm 2600 MPa 10.3% 4037 Based on Main Roads WA 
(2013) 

DGA 14 mm 2400 MPa 10.3% 4155 Based on Austroads (2012) 

DGA 14 mm 4000 MPa 12% 3966 Based on results of EFROMD2 
analysis and IPEWA (2006) 

The implicit shift factors as if the road had reached 10% fatigue cracking at an actual traffic loading of 7 x 105 ESA 
were calculated; these and the results of the sensitivity analysis are presented in Table 10. 

Table 10:  CIRCLY Analysis of Keane Road. 

DGA 
Modulus 

Asphalt Fatigue Life Minimum Shift Factor (based on 7 x 105 ESA until 
June 2014) 

Crushed Limestone 
Modulus Ev of 350 MPa 

Crushed Limestone 
Modulus Ev of 250 

MPa 

Crushed Limestone 
Modulus Ev of 350 

MPa 

Crushed Limestone 
Modulus Ev of 250 

MPa 
2600 MPa 1.3 x 105 ESA 5.7 x 104 ESA 5.5 12.2 
2400 MPa 1.3 x 105 ESA 5.7 x 104 ESA 5.3 12.2 
4000 MPa 2.4 x 105 ESA 1.2 x 105 ESA 2.9 5.6 

The fatigue lives estimated in Table 10 are all low, yet Keane Road had carried a traffic load of 7 x 105 ESA by June 
2014, and more since without visible asphalt fatigue failure. The minimum shift factors in Table 10 were estimated as if 
Keane Road had 10% fatigue cracking at June 2014, which it did not. These must be considered as lower bound shift 
factors and the actual shift factors could be significantly higher. 
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3.1.7 Structural capacity ignoring asphalt 
For Keane Road with its thin asphalt layer, the South Africans would not consider the structural capacity of the thin 
asphalt layer in their structural analysis (SANRAL, 2013). In the Austroads method, fatigue applies to medium-heavily 
trafficked roads and fatigue cracking is not a common distress mode on lightly trafficked roads (Austroads, 2012). With 
a traffic load of 7 x 105 ESA, Keane Road would be considered a medium trafficked road. 

However ignoring the structural capacity of the thin asphalt layer, the life of Keane Road was estimated using Equation 
16 of Main Roads Engineering Road Note 9 (MRWA, 2013). This is an empirical procedure in which the minimum 
thickness of granular pavement materials required over the design subgrade is determined. The asphalt was treated 
simply as granular material. The asphalt plus granular pavement thickness of Keane Road was found in the ARRB 
investigation to be 280 mm. The subgrade CBR was taken as 25% from the ARRB testing. The structural capacity was 
estimated as in excess of 2 x 108 ESA, which is the upper limit of the Road Note 9 design chart in their Figure 8. It 
matches the structural capacity estimate based on the characteristic deflection value of 0.52 mm in section 3.1.2. The 
traffic to June 2014 has been less than 1% of such capacity, and no failure would have been anticipated at this stage. 
This raises the broader question for medium trafficked pavements with thin asphalt layers as to whether the structural 
capacity of thin asphalt layers should be considered in the structural analysis. At the least, it suggests that the Austroads 
approach to not consider fatigue cracking for lightly trafficked roads could be extended into the lower end of medium 
trafficked roads, say up to 3 x 106 ESA. 

3.1.8 Field performance 
Field inspections in November 2014 showed that the road was still performing well, with no failures, rutting or cracking 
observed. Figure 4 shows the typical condition of Keane Road in November 2014. 

 
Figure 4:  Typical Condition of Keane Road (November 2014). 

There was some minor damage to the road surface, kerbs and structures at roundabouts due to the tight geometry of the 
small diameter roundabouts and superficial damage by the tyres of the large trucks importing sand fill. This is distinct 
from and not related to structural damage. 

3.2 IPWEA DESIG FOR 1 X 106 ESA 
A large number of local government road pavements around Perth area have been constructed based on following 
pavement configuration (top down) suggested in IPWEA (2006) for design traffic loading of up to 1 x 106 ESA: 

 65 mm dense graded asphalt (DGA) surfacing; 
 200 mm crushed limestone basecourse and 
 Sand subgrade. 

IPWEA (2006) developed this configuration based on past performance of similar pavement on sand subgrade around 
Perth. Sensitivity analysis was undertaken based on material properties noted in Section 3.1.6. The implicit shift factors 
as if the road had reached 10% fatigue cracking at the design traffic loading of 1 x 106 ESA were calculated; these and 

the results of the sensitivity analysis are presented in  

 

Table 11. 
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Table 11:  CIRCLY Analysis of IPWEA design for 1 x 106 ESA. 

DGA 
Modulus 

Asphalt Fatigue Life Shift Factor (based on 1 x 106 ESA) 

Crushed Limestone 
Modulus Ev of 350 MPa 

Crushed Limestone 
Modulus Ev of 250 

MPa 

Crushed Limestone 
Modulus Ev of 350 

MPa 

Crushed Limestone 
Modulus Ev of 250 

MPa 
2600 MPa 1.30 x 105 ESA 6.41 x 104 ESA 7.6 15.6 
2400 MPa 1.33 x 105 ESA 6.33 x 104 ESA 7.5 15.8 
4000 MPa 2.60 x 105 ESA 1.46 x 105 ESA 3.8 6.8 

4 COCLUSIOS AD RECOMMEDATIOS 
Assessment of shift factor for prediction of asphalt performance in field conditions based on the results of laboratory 
testing is of paramount importance in providing a cost effective pavement thickness design. Based on the analysis 
presented in this paper, the lower bound of shift factor values was between 5 and 15, which is consistent with finding of 
previous research undertaken worldwide. At this level though, Keane Road had not failed and shows no fatigue distress, 
suggesting that its structural capacity is much greater than these shift factors imply. A shift factor of at least 5 can be 
suggested for design of medium trafficked pavements with a thin asphalt surfacing say up to 75 mm in thickness. 
However, further investigations on case studies and performances of existing pavements in Western Australia are 
required to assess shift factors with better reliability. The broader question is raised for light to medium trafficked 
pavements with thin asphalt layers as to whether the structural capacity of thin asphalt layer should be considered in 
their structural analysis. At the least, it might be that the Austroads approach not to consider fatigue cracking for lightly 
trafficked roads could be extended to include the lower end of medium trafficked roads, say up to 3 x 106 ESA. 
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3.1.7 Structural capacity ignoring asphalt 
For Keane Road with its thin asphalt layer, the South Africans would not consider the structural capacity of the thin 
asphalt layer in their structural analysis (SANRAL, 2013). In the Austroads method, fatigue applies to medium-heavily 
trafficked roads and fatigue cracking is not a common distress mode on lightly trafficked roads (Austroads, 2012). With 
a traffic load of 7 x 105 ESA, Keane Road would be considered a medium trafficked road. 

However ignoring the structural capacity of the thin asphalt layer, the life of Keane Road was estimated using Equation 
16 of Main Roads Engineering Road Note 9 (MRWA, 2013). This is an empirical procedure in which the minimum 
thickness of granular pavement materials required over the design subgrade is determined. The asphalt was treated 
simply as granular material. The asphalt plus granular pavement thickness of Keane Road was found in the ARRB 
investigation to be 280 mm. The subgrade CBR was taken as 25% from the ARRB testing. The structural capacity was 
estimated as in excess of 2 x 108 ESA, which is the upper limit of the Road Note 9 design chart in their Figure 8. It 
matches the structural capacity estimate based on the characteristic deflection value of 0.52 mm in section 3.1.2. The 
traffic to June 2014 has been less than 1% of such capacity, and no failure would have been anticipated at this stage. 
This raises the broader question for medium trafficked pavements with thin asphalt layers as to whether the structural 
capacity of thin asphalt layers should be considered in the structural analysis. At the least, it suggests that the Austroads 
approach to not consider fatigue cracking for lightly trafficked roads could be extended into the lower end of medium 
trafficked roads, say up to 3 x 106 ESA. 

3.1.8 Field performance 
Field inspections in November 2014 showed that the road was still performing well, with no failures, rutting or cracking 
observed. Figure 4 shows the typical condition of Keane Road in November 2014. 

 
Figure 4:  Typical Condition of Keane Road (November 2014). 

There was some minor damage to the road surface, kerbs and structures at roundabouts due to the tight geometry of the 
small diameter roundabouts and superficial damage by the tyres of the large trucks importing sand fill. This is distinct 
from and not related to structural damage. 

3.2 IPWEA DESIG FOR 1 X 106 ESA 
A large number of local government road pavements around Perth area have been constructed based on following 
pavement configuration (top down) suggested in IPWEA (2006) for design traffic loading of up to 1 x 106 ESA: 

 65 mm dense graded asphalt (DGA) surfacing; 
 200 mm crushed limestone basecourse and 
 Sand subgrade. 

IPWEA (2006) developed this configuration based on past performance of similar pavement on sand subgrade around 
Perth. Sensitivity analysis was undertaken based on material properties noted in Section 3.1.6. The implicit shift factors 
as if the road had reached 10% fatigue cracking at the design traffic loading of 1 x 106 ESA were calculated; these and 

the results of the sensitivity analysis are presented in  

 

Table 11. 
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Table 11:  CIRCLY Analysis of IPWEA design for 1 x 106 ESA. 

DGA 
Modulus 

Asphalt Fatigue Life Shift Factor (based on 1 x 106 ESA) 

Crushed Limestone 
Modulus Ev of 350 MPa 

Crushed Limestone 
Modulus Ev of 250 

MPa 

Crushed Limestone 
Modulus Ev of 350 

MPa 

Crushed Limestone 
Modulus Ev of 250 

MPa 
2600 MPa 1.30 x 105 ESA 6.41 x 104 ESA 7.6 15.6 
2400 MPa 1.33 x 105 ESA 6.33 x 104 ESA 7.5 15.8 
4000 MPa 2.60 x 105 ESA 1.46 x 105 ESA 3.8 6.8 

4 COCLUSIOS AD RECOMMEDATIOS 
Assessment of shift factor for prediction of asphalt performance in field conditions based on the results of laboratory 
testing is of paramount importance in providing a cost effective pavement thickness design. Based on the analysis 
presented in this paper, the lower bound of shift factor values was between 5 and 15, which is consistent with finding of 
previous research undertaken worldwide. At this level though, Keane Road had not failed and shows no fatigue distress, 
suggesting that its structural capacity is much greater than these shift factors imply. A shift factor of at least 5 can be 
suggested for design of medium trafficked pavements with a thin asphalt surfacing say up to 75 mm in thickness. 
However, further investigations on case studies and performances of existing pavements in Western Australia are 
required to assess shift factors with better reliability. The broader question is raised for light to medium trafficked 
pavements with thin asphalt layers as to whether the structural capacity of thin asphalt layer should be considered in 
their structural analysis. At the least, it might be that the Austroads approach not to consider fatigue cracking for lightly 
trafficked roads could be extended to include the lower end of medium trafficked roads, say up to 3 x 106 ESA. 
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