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DISCLAIMER 

The contents of this report reflect the views of the authors, who are responsible for the 

facts and the accuracy of the data presented herein.  The contents do not necessarily reflect the 

official views or policies of the Washington State Department of Transportation or the Federal 

Highway Administration.  This report does not constitute a standard, specification, or regulation. 
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Introduction 

Several new technologies are available that reduce asphalt plant emissions and energy 

consumption by allowing the production and placement of asphalt paving mixtures at lower 

temperatures.  These lower temperature asphalt paving mixtures are designated Warm Mix 

Asphalt (WMA) and can be produced at temperatures 35-100°F lower than conventional hot mix 

asphalt (HMA) (Prowell and Hurley, 2007).  Potential advantages of WMA include: 

• Reduced mixing temperatures reduce fuel consumption thereby lowering plant emissions 

and reduce energy costs. 

• Decreased binder viscosity at compaction temperatures means less effort is needed to 

compact the mix. 

• Lower mixing temperatures may reduce aging of the binder leading to increased fatigue 

life. 

• Lower temperatures improve working conditions for paving crews through decreased 

smoke and odors. 

• Compaction can be achieved at lower temperatures allowing paving during cooler 

weather or on projects with long haul times. 

• Lower binder viscosities allow the use of higher percentages of reclaimed asphalt 

pavement (RAP) in WMA reducing the need to produce additional aggregate and binder. 

 

One of the most widely used methods developed to produce WMA is to add an organic 

wax to the binder.  An organic wax reduces the viscosity of the binder above the melting point of 

the wax allowing mixing and compaction to occur at lower temperatures.  This experimental 

feature incorporates an organic wax marketed as Sasobit® by Sasol Wax to produce the WMA.  

When added to an asphalt binder, Sasobit® reduces the viscosity of the asphalt above its melting 

point of about 216°F allowing mixing and placement temperatures to be reduced by 32-97°F 

(Hurley and Prowell, 2005). 

Sasobit® has the advantage of being easily implemented without major changes to mix 

design or production.  If added directly into the binder, plant modifications are unnecessary.  
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Adding Sasobit® during mixing is also an option requiring only minor plant modifications.  Mix 

design testing is performed without Sasobit® in the mix making the mix design procedure for 

WMA with Sasobit® identical to that of an HMA mix.  The only consideration when designing a 

mix with Sasobit® is that it increases the temperature range of performance graded (PG) binders.  

The National Center for Asphalt Technology (NCAT) found that a PG58-28 binder graded out at 

PG64-22 with the addition of 2.5% Sasobit® and recommends the binder be engineered to ensure 

the final grade meets requirements (Hurley and Prowell, 2005).    

The purpose of this experimental feature is to evaluate the long and short term 

performance of WMA produced with Sasobit®.  WSDOT will monitor the overlay for a period of 

five years using conventional survey techniques consisting of friction, rutting and ride 

measurements as well as overall pavement condition assessments.  Special emphasis will be 

placed on the overlay’s ability to resist cracking and rutting. 

Project Background 

Contract 7419, I-90 West of George Paving, rehabilitated the pavement on Interstate 90 

between the Columbia River at Milepost (MP) 137.82 and the town of George at MP 148.45.  

The first section of the project consists of a steep grade (5%) where the roadway climbs out of 

the Columbia River Gorge.  The steep grade continues for approximately 1.5 miles, then 

moderates, eventually becoming rolling terrain from about MP 143.5 to the end of the project.  

Within the project limits Interstate 90 is made up of two lanes with paved shoulders in each 

direction separated by either concrete barrier or unpaved median.  Average Daily Traffic (ADT) 

ranges between 6448 and 7327 with 27 percent trucks according to traffic data from the 2008 

Washington State Pavement Management System (WSPMS).  

Paving was limited to the right lane of eastbound Interstate 90.  The remaining lanes were 

still in good condition allowing their rehabilitation to occur at a later time.  Distress in the 

eastbound right lane consisted of low severity alligator and transverse cracking.  Severe rutting 

was also present between milepost 139.0 and 139.8.  The higher level of distress in the eastbound 

right lane was attributed to higher pavement stresses caused by slow moving trucks going up the 

steep grade.   
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Figure 1.  I-90 West of George Paving project map. 

 

Rehabilitation consisted of grinding the existing pavement to a depth of 0.25 feet and 

inlaying with the same depth of HMA or WMA.  The inlay consisted of HMA from the west end 

of the project at MP 137.82 to MP 144.53 and WMA from MP 144.53 to the end of the project at 

MP 148.45.  The milepost limits allowed both an HMA control section and the WMA section to 

be on the flatter rolling portion of the project.  It was felt that the first evaluation of WMA by 

WSDOT should not be placed on the steep grade where it would be exposed to the more severe 

loading conditions of the slow moving uphill truck traffic.  

WMA was not included in the project when originally bid and had to be added by change 

order.  Central Washington Asphalt (CWA), the successful bidder, agreed to a price of $64.00 

per ton of WMA, an increase of $6.00 per ton over the bid price of $58.00 per ton for HMA.  A 

total of 4,724.12 tons of WMA were placed resulting in a cost increase of $28,344.72.  
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Materials 

Except for the inclusion of Sasobit in the WMA the materials and mix design for the 

HMA and WMA were identical.  The following descriptions of materials apply to both mix types 

unless otherwise noted. 

Aggregate  

Pit site GT-318 was the aggregate source for the project.  The Washington State 

Department of Transportation (WSDOT) tested and approved the aggregate from the pit site on 

September 22, 1998 (approval is good for ten years).  Table 1 shows the aggregate durability test 

results for pit site GT-318. 

 

Table 1.  Aggregate properties. 

Test Result Spec. 

LA Wear – AASHTO T-96 17 30 Max. 

Degradation – WSDOT T-113 84 30 Min. 

 
 

The mix included recycled asphalt pavement (RAP) at a rate of 20 percent.  The RAP for 

the project came from the material recovered from the grinding of 0.25 feet of the existing 

pavement.   

 

  

Figure 2.  Three quarter inch to No. 4 
stockpile. 

Figure 3.  RAP Stockpile. 
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Binder 

SemMaterials supplied PG76-28 binder for both the HMA and WMA.  Sasobit was added 

to the virgin binder at a rate of two percent to produce the WMA.  With the inclusion of 20 

percent RAP, the percentage of Sasobit in the total mix was 1.6 percent which is within the 1.3 to 

1.7 percent recommended by Sasol Wax (Shaw, 2008). 

The WSDOT Bituminous Lab tested the binder to determine the affect of adding Sasobit 

to the high and low temperature specifications of the binder.  The results revealed a slight 

increase in the average seven-day maximum pavement temperature with 1.5 percent Sasobit and 

almost a full grade increase in the average seven-day maximum pavement temperature with 2.0 

percent (Table 2).  Complete testing results are included in Appendix A. 

 

Table 2.  Change to binder grade with addition of 

Sasobit. 

Test Condition Binder Grade 

Specified Binder Grade PG76-28 

Binder with no Sasobit PG78-28 

With 1.5 percent Sasobit PG80-28 

With 2.0 percent Sasobit PG83-28 

 

Mix Design 

WSDOT tested the mix design using superpave volumetric design procedures (WSDOT 

SOP 732 - Standard Operating Procedure for SuperpaveVolumetric Design for Hot-Mix 

Asphalt).  The target air voids were 4.0 percent with a gyration level of 100.  The job mix 

formula (JMF) resulting from the mix design is shown in Tables 3 and 4.  WSDOT does not 

include RAP in the mix during mix design testing so the properties in the tables are for the virgin 

mix.  A copy of the mix design is included in Appendix B.   
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Table 3.  JMF for volumetric 

properties. 

Property Value 

Pb 5.5% 

Va 3.7% 

VMA 14.9% 

VFA 75% 

Pbe 4.7% 

 
 

Table 4.  JMF for gradation. 

Sieve 
Percent 
Passing 

¾” 100 

½” 95 

3/8” 84 

U.S. No. 4 55 

U.S. No. 8 34 

U.S. No. 16 22 

U.S. No. 30 15 

U.S. No. 50 11 

U.S. No. 100 8 

U.S. No. 200 6.3 

 

Construction 

CWA used a portable drum plant manufactured by Gencor to produce the HMA and 

WMA.  SemMaterials added the Sasobit to the binder prior to shipment making modifications to 

the plant unnecessary. 

Placement of the HMA and WMA used the same equipment and methods (Figures 4 

through 7).   End dumps with trailers delivered the mix to the project.  Haul times varied from 30 

to 45 minutes during placement of the HMA and from 25 to 35 minutes during placement of the 

WMA.  Loads were not covered.  Once delivered to the site, the trucks dumped the mix into a 

windrow device to form a windrow.  A windrow elevator delivered the mix from the windrow 

into the hopper of an Ingersoll-Rand PF-5510 paving machine equipped with an Omni 3E screed.  

Mix delivery was inconsistent resulting in the paving machine stopping several times to wait for 
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the delivery of more mix.  Otherwise the placement operation proceeded smoothly.  Placement 

dates, location and tonnage are shown in Table 5. 

 

  

Figure 4.  Truck dumping into the 
windrow device and forming windrow. 

Figure 5.  Windrow elevator picking up 
mix in windrow. 

 

 

  

Figure 6.  Windrow elevator delivering 
mix to machine. 

Figure 7.  Paving machine spreading the 
mix. 

 
 

Table 5.  Placement dates, location and tonnage. 

Mix Type Paving Dates Mileposts Tonnage Placed 

HMA June 11 - June 16 137.82 – 144.53 7,813.08 

WMA June 23 – June 24 144.53 – 148.45 4,724.12 
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The compaction train consisted of three double drum vibratory rollers (Figures 8 and 9).  

The breakdown and intermediate rollers worked together to make a total of five passes down 

each side of the mat.  The finish roller made two passes down each side and one down the center.  

Table 6 displays the manufacturer, model number and capacity of the rollers.   

 

 

Table 6.  Roller information. 

Position Manufacturer Model 
Approximate 
Weight (lbs) 

Drum Width 
(in.) 

Breakdown Ingersoll-Rand DD-138HF 30,000 84 

Intermediate Ingersoll-Rand DD-130HF 30,000 84 

Finish Dynapac CC 412 21,000 66 

 
 

  

Figure 8.  Breakdown roller. Figure 9.  Breakdown and intermediate 
rollers. 

 
 

The only potential problem encountered was clumps of mix sticking together in the 

WMA.  The clumps first appeared on June 19 during a test section of the WMA in a new 

subdivision in Quincy, WA (Figure 10).  It was reported that the clumps in the test section 

occurred every few feet and were the result of excessive cooling of the mix during the 

approximately 40 minute haul (Hoffman, 2009).  The lumps continued to appear during 

production paving on Interstate 90 but were much less frequent (Figure 11).   
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Figure 10.  Clumps removed from WMA 
during test section near Quincy. 

Figure 11.  Clumps in windrow during 
placement of WMA on I-90. 

 

The source of the lumps was not verified but one theory is that mixing temperatures may 

not have been high enough to break up large chunks of RAP.  Figure 12 shows the RAP passing 

through a screen before it entered the drum and Figure 13 shows the RAP which was unable to 

pass through the screen.  This process made it unlikely that large chunks of RAP made it into the 

mix.  Furthermore the RAP came from a ¾ inch NMAS mix with 3.2 percent of the aggregate 

retained on the ¾ inch sieve.  Gradation test results for the HMA and WMA showed no 

aggregate retained on the ¾ inch sieve indicating the CWA did a good job of keeping the larger 

aggregate out of the mix.  If large chunks of RAP were entering the drum some of the ¾ inch or 

larger aggregate would have made it into the mix and showed up as retained on the ¾ inch sieve. 

       

 

  
Figure 12.  Screening RAP. Figure 13.  Material that did not pass trough 

the RAP screen. 
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Figures 14 and 15 show thermal images of WMA leaving truck and in the windrow.  The images 

show crust on the mix in the truck at 115°F and the cool mix in the windrow at 176°F.  Mix at 

temperatures shown in the two photos would have hardened since Sasobit® loses its viscosity 

reduction ability below its melting point of about 216°F.  The hardened mix could show up as 

clumps in the windrow.  Remixing before placement in order to reheat the clumps would be the 

solution to this problem.  The fact that no clumps were seen in the completed mat may be 

because the windrow elevator remixed the HMA sufficiently to eliminate the clumps.  

    

  
Figure 14.  WMA crust temperature of 
115°F leaving truck. 

Figure 15.  Cool WMA in windrow. 

 

Temperature Observations 

The temperature of the mix was measured using a FLIR ThermaCAMTM E4 infrared 

camera.  The infrared camera can only measure the external temperature of the mix which is not 

representative of the internal temperature once a cooler crust has formed.  For that reason this 

report only uses temperatures taken immediately after the breaking of the crust or immediately 

after remixing of the HMA.  This occurred at three locations, when trucks dumped the mix into 

the windrow machine (Figure 16), when windrow elevator transferred the mix to the paving 

machine hopper (Figures 17), and when the augers distributed the mix to the screed (Figure 18). 
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Figure 16.  Thermal image of first load of 
WMA as it is being dumped into windrow 
device. 

Figure 17.  Thermal image of windrow 
elevator delivering WMA to the hopper. 

 

 
Figure 18.  Thermal image of WMA in 
front of augers. 

 

 

Table 7 lists HMA paving temperatures recorded on June 16 between 9:30 a.m. and 11:30 

a.m. and WMA temperatures recorded between 8:00 a.m. and 10:30 a.m. on June 23.  Due to 

WMA being a new technology, production started out at a higher temperature than necessary and 

the Contractor incrementally lowered mixing temperature until it reached 290°F.  The higher 

mixing temperature resulted in the first several loads of WMA being around 300°F when 

delivered to the roadway.  Once mixing temperatures stabilized at their lower level, delivery 
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temperatures averaged 286°F.  The temperature ranges for the WMA in the table represent those 

recorded once the temperature stabilized.  The table shows that WMA paving temperatures were 

about 30 to 50°F lower than HMA. 

 

 

Table 7.  Summary of temperature readings. 

HMA 

Location Temperature Range °F Average Temperature °F 

Leaving Truck 325-333 328 

Windrow Elevator 322
1
 322 

Paving Machine Augers 287-325 306 

WMA 

Location Temperature Range °F Average Temperature °F 

Leaving Truck 276-294 286 

Windrow Elevator 249-297 272 

Paving Machine Augers 250-288 276 

 1Only two readings were taken each reading being 322 °F. 

 
 

Temperature differentials up to 30°F were observed in both the HMA and WMA (Figures 

19 and 20.  Temperature differentials were attributed to a jump in temperature in the windrow 

where the mix placed by one truck ended and the mix placed by the next truck began.  The mix 

from the first truck would have sat in the windrow longer and cooled more than the mix from the 

next truck resulting in a change in mix temperature.  The windrow elevator provided minimal 

remixing so the jump in mix temperatures showed up as temperature differentials behind the 

paving machine. 
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Figure 19.  Thirty degree temperature 
differential in HMA. 

Figure 20.  Thirty degree temperature 
differential in WMA. 

 

Test Results  

Gradation and Volumetrics 

Gradation and volumetric properties of the HMA and WMA were similar and average 

test results conformed to the job mix formula (JMF).  Table 7 shows the average gradation and 

volumetric results from the nine HMA and five WMA sublots.  All gradation tests were within 

tolerance, and the only out of tolerance volumetric properties were the air voids in two HMA 

sublots.  Both out of tolerance air void test results were 5.7 percent which is above the tolerance 

band of 2.5 to 5.5 percent.  The dust to asphalt ratio was also out of tolerance in one HMA sublot 

(1.7 versus 0.6 to 1.6 tolerance band) and one WMA sublot (1.7 versus 0.6 to 1.6 tolerance 

band).  Individual test results are shown in Appendix C. 
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Table 8.  Production gradation and volumetric test results. 

Test 
Property 

JMF 
HMA 

Average 
WMA 

Average 
Tolerance 

Limit 

3/4 100.0 100.0 100.0 99-100 

1/2 95.0 93.8 95.2 90-100 

3/8 84.0 83.1 85.0 78-90 

No. 4 56.0 54.1 55.2 51-61 

No. 8 35.0 34.2 35.0 31-39 

No. 16 22.0 22.1 22.4 na 

No. 30 15.0 15.3 15.8 na 

No. 50 11.0 11.4 12.0 na 

No. 100 8.0 8.7 9.0 na 

No. 200 6.3 6.4 6.7 4.3-7 

% Binder 5.2 5.1 5.4 4.7-5.7 

% Va 3.7 4.9 4.5 2.5-5.5 

VMA 14.9 14.8 14.7 12.5 min. 

VFA 75.0 67.2 69.4 na 

D/A 1.4 1.5 1.6 0.6-1.6 

 
 

Density 

Density results of the HMA and WMA were similar (Figure 21).  The distribution of the 

actual results illustrated by the bars is somewhat erratic due to the small number of tests.    The 

average test result for HMA was 93.5 percent with a standard deviation of 1.58 versus 93.7 

percent and a standard deviation of 1.36 for WMA.  The size of the standard deviations as 

compared to the difference in average density indicates that the variation is statistically 

insignificant.  The one notable difference was the number of failing density tests was 

significantly lower with WMA.  Out of 95 density tests on the HMA, six (6.3 percent) failed to 

reach the 91.0 percent minimum specified density.  Only one out of 55 (1.8 percent) density tests 

on the WMA was below 91.0 percent.  The compactability of the WMA was probably improved 

by a 0.3 percent higher asphalt content.  Overall the results indicate that the same level of density 

is achievable at lower compaction temperatures with WMA.  Density test results are in Appendix 

D. 
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Figure 21.  Distribution of compaction test results. 

 

Stockpile Moisture Testing 

Moisture content is important when producing WMA because it is believed that the lower 

mixing temperatures may not adequately dry the aggregate if the moisture content is high.  

Moisture content testing yielded an average moisture content of 1.66 percent in the ¾ inch to No. 

4 stockpile and 2.48 percent in the 3⁄8 inch minus stockpile.  These moisture contents are low 

considering that WSDOT allows 2 percent moisture in HMA when discharged from the plant.   

Federal Highway Administration Testing 

In order to assist in evaluating the performance of WMA, WSDOT requested the aid of 

the Federal Highway Administration’s (FHWA) mobile asphalt testing laboratory (MATL).  

Samples of both the HMA and WMA were tested for dynamic modulus, flow number and with 

the Hamburg Wheel Tracking Device (HWTD).  Results of the MATL testing are summarized 

below.  The full MATL testing report is included in Appendix E. 

 
Dynamic Modulus 

 
The dynamic modulus is a measure of stiffness of an HMA sample.  The test procedure 

involves applying a sinusoidal load to the sample at various frequencies and temperatures.  The 
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ratio of the applied stress to the measured strain is the dynamic modulus (Roberts et al, 1991, 

Huang 2004).  The MATL testing showed that the WMA with Sasobit® was stiffer than the 

HMA.  The MATL reported that the stiffening affect of Sasobit® was similar to stiffening 

observed on other projects and was consistent with a one grade increase of the WMA binder due 

to  the addition of Sasobit® (Corrigan, 2009).   

 
Flow Number 

 
The flow number test measures the permanent strain of an HMA sample under repeated 

loads.  The flow number is defined as the number of loads at which the change in permanent 

deformation is at a minimum during the test.  The flow number has been found to correlate with 

rutting resistance of HMA test sections (Bonaquist, Christensen and Stump, 2003).  The flow 

number values for the WMA with Sasobit® were higher than the HMA indicating that the WMA 

was slightly stiffer than the HMA (Corrigan, 2009). 

 
Hamburg Wheel Track Device 

 
The HWTD measures both the rutting resistance and stripping resistance of an HMA 

mixture.  The MATL testing did not find a significant difference in rut depth between the HMA 

and WMA.  The test results showed that resistance to permanent deformation of both mixed was 

very good.  Neither mix was shown to be susceptible to stripping (Corrigan, 2009).           

 

Emissions 

The University of Washington Department of Civil and Environmental Engineering 

conducted emissions testing during placement of the HMA and WMA.  The results of the 

emissions testing were not available in time to include in this report.  A summary of the findings 

will be included in the end of project report. 
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Conclusions 

An end of project report including evaluating the short and long term performance of 

WMA with Sasobit® will be prepared five years after the completion of construction.  Final 

conclusions and recommendations will be provided in the end of project report.  The following 

preliminary conclusions are based on the production and placement of the WMA with Sasobit®: 

 

• Mix design, production and placement of WMA with Sasobit® was the same  as 

conventional HMA. 

• The contractor was able compact the WMA at lower compaction temperature to the same 

level of density as the HMA. 

• Temperature reductions in the range of 30-50°F were achieved.  This is somewhat less 

than temperature reductions reported by Sasol Wax which reports an initial reduction of 

50°F followed by another 10-25°F depending on the mix (4).    

Recommendations 

Both high energy costs and requirements to reduce greenhouse gases are challenges that 

will be faced by the paving industry.  It is likely that technologies like WMA which both reduce 

fuel use and emissions will be necessary to meet these challenges.  To be prepared WSDOT 

should construct additional test sections to evaluate WMA.  Objectives of these test sections 

should include: 

 

• Assess the long term performance of WMA in different areas of the state  

• Evaluate other WMA technologies 

• Develop and refine specifications for WMA 

• Investigate the use higher percentages of RAP in WMA 

• Investigate the formation of clumps in the WMA.  Both fractionating the RAP to prevent 

clumping and better remixing should be looked into to see if these solve the clumping 

problem. 
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• Include provisions to allow substitution of WMA in place of HMA in future editions of 

the Standard Specifications (WSDOT is currently working toward incorporating this in 

the 2010 edition). 
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Table A-1. Binder grade testing results. 

Sasobit 
Percent 

Brookfield 
Viscosity 
@ 135 C 

Original 
DSR 

Elastic 
Recovery 

RTFO 
DSR 

PAV 
DSR 

BBR “S” BBR ”m” 
True 

Grade 

0 1.35 1.21 78.8 2.870 562 222 0.336 78-28 

1.5 1.20 1.38 72.5 3.27 711 268 0.304 80-28 

2.0 1.14 2.09 67.5 4.100 824 265 0.304 83-28 
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Mix Design 
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Mix Testing Results 
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Table C-1. HMA mix testing results. 

Test 
Property 

Spec. JMF Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 Lot 6 Lot 7 Lot 8 Lot 9 

3/4 99-100 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

1/2 90-100 95.0 96.0 96.0 94.0 93.0 94.0 92.0 91.0 95.0 93.0 

3/8 78-90 84.0 86.0 87.0 86.0 81.0 83.0 78.0 80.0 83.0 84.0 

No. 4 51-61 56.0 56.0 59.0 57.0 55.0 54.0 51.0 51.0 52.0 52.0 

No. 8 31-39 35.0 36.0 37.0 36.0 35.0 34.0 32.0 32.0 33.0 33.0 

No. 16  22.0 23.0 24.0 23.0 23.0 21.0 21.0 21.0 22.0 21.0 

No. 30  15.0 16.0 16.0 16.0 16.0 15.0 14.0 15.0 15.0 15.0 

No. 50  11.0 12.0 12.0 12.0 12.0 11.0 10.0 11.0 12.0 11.0 

No. 100  8.0 9.0 9.0 9.0 9.0 8.0 8.0 9.0 9.0 8.0 

No. 200 4.3-7.0 6.3 6.6 6.6 6.2 6.5 6.3 5.7 6.6 6.9 5.8 

% Binder 4.7-5.7 5.2 5.3 5.5 5.1 4.9 5.0 5.0 5.2 4.9 5.0 

% Va 2.5-5.5 3.7 3.4 5.4 5.7 4.2 4.9 5.7 4.3 5.0 5.2 

VMA >12.5 14.9 14.0 15.9 15.2 14.3 14.7 15.3 14.3 14.5 14.9 

VFA  75.0 75.7 66.0 62.5 70.6 66.7 62.7 69.9 65.5 65.1 

D/A 0.6-1.6 1.4 1.5 1.5 1.6 1.5 1.5 1.4 1.6 1.7 1.4 

Gmb  2.482 2.502 2.454 2.464 2.484 2.474 2.456 2.490 2.477 2.468 

Gmm  2.577 2.591 2.594 2.613 2.592 2.601 2.604 2.602 2.608 2.603 

Gsb  2.756 2.756 2.756 2.756 2.756 2.756 2.756 2.756 2.756 2.756 

Gb  1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.033 1.033 
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Table C-2. WMA mix testing results. 

Test 
Property 

Spec. JMF Lot 1 Lot 2 Lot 3 Lot 4 Lot 5 

3/4 99-100 100.0 100.0 100.0 100.0 100.0 100.0 

1/2 90-100 95.0 95.0 92.0 95.0 97.0 97.0 

3/8 78-90 84.0 85.0 81.0 84.0 88.0 87.0 

No. 4 51-61 56.0 56.0 52.0 54.0 58.0 56.0 

No. 8 31-39 35.0 36.0 33.0 34.0 36.0 36.0 

No. 16  22.0 23.0 21.0 22.0 23.0 23.0 

No. 30  15.0 16.0 15.0 16.0 16.0 16.0 

No. 50  11.0 12.0 11.0 12.0 12.0 13.0 

No. 100  8.0 9.0 8.0 9.0 9.0 10.0 

No. 200 4.3-7.0 6.3 6.9 6.2 6.9 6.7 6.8 

% Binder 4.7-5.7 5.2 5.3 5.3 5.0 5.7 5.6 

% Va 2.5-5.5 3.7 4.7 5.0 5.2 3.7 4.0 

VMA >12.5 14.9 14.8 15.1 14.9 14.7 14.2 

VFA  75.0 68.2 66.9 65.1 74.8 71.8 

D/A 0.6-1.6 1.4 1.6 1.5 1.7 1.5 1.6 

Gmb  2.482 2.479 2.472 2.468 2.494 2.504 

Gmm  2.577 2.602 2.601 2.603 2.590 2.608 

Gsb  2.756 2.756 2.756 2.756 2.756 2.756 

Gb  1.033 1.033 1.033 1.033 1.033 1.033 
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Density Testing Results 
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Table D-1. HMA density test results. 

Lot 
Number 

Date 
Tested 

Test #1 Test #2 Test #3 Test #4 Test #5 

1 6/9 92.0 93.5 95.6 93.3 97.4 

2 6/9 94.6 94.8 96.2 92.8 94.4 

3 6/11 92.8 95.2 92.6 92.0 92.7 

4 6/11 96.0 93.6 95.6 94.7 93.2 

5 6/11 94.8 92.2 93.1 94.8 93.4 

6 6/11 95.3 95.3 94.5 90.4 94.7 

7 6/11 94.6 95.7 94.3 91.7 94.1 

8 6/11 94.1 92.2 94.2 93.4 92.8 

9 6/11 94.6 90.5 92.8 95.4 93.0 

10 6/11 94.3 96.4 94.1 92.8 92.8 

11 6/12 92.4 92.1 92.8 95.2 94.5 

12 6/12 94.2 93.8 92.0 94.3 92.0 

13 6/12 92.7 94.0 92.0 93.1 91.9 

14 6/12 95.3 93.9 94.3 93.6 93.0 

15-C 6/12 96.3 92.1 91.6 90.7 91.8 

16 6/12 92.8 90.9 94.7 91.0 95.2 

17 6/16 92.0 90.9 93.6 93.2 96.1 

18 6/16 91.2 96.5 96.0 93.8 93.6 

19 6/13 92.9 93.0 96.7 92.7 90.7 

 
 
 
 

Table D-2. WMA density test results. 

Lot 
Number 

Date 
Tested 

Test #1 Test #2 Test #3 Test #4 Test #5 

1 6/23 92.8 94.1 91.5 92.2 96.0 

2 6/23 93.5 92.3 94.4 94.3 93.0 

3 6/23 95.4 95.1 94.0 92.7 95.6 

4 6/23 91.2 93.0 91.5 93.1 94.4 

5 6/23 93.4 93.8 91.3 94.3 94.6 

6 6/23 94.4 94.4 93.3 92.5 94.5 

7 6/24 94.6 93.0 94.7 93.2 95.9 

8 6/24 93.3 92.2 92.6 93.5 94.3 

9 6/24 96.2 95.6 93.8 94.5 94.9 

10 6/24 92.2 92.1 96.4 93.0 92.8 

11 6/24 92.3 95.1 93.8 94.4 90.6 
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FHWA – Warm Mix Asphalt Testing Report 
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