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Figure 9. Uncorrected Nuclear Density Results for Control Section in Trial B 

 
 
 
 
 
 
 

 

 
Figure 10. Uncorrected Nuclear Density Results for Sasobit Section in Trial B 
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Table 5. Field Properties from Trial B 
Control Cores 

Specimen Bulk SG Air Voids Permeability, 
x 10-5 cm/sec 

Nuclear 
Estimated 
Air Voids 

C-3 2.343 10.0 490.6 
C-5 2.368 9.1 365.5 
C-7 2.311 11.3 1190.7 

C-9 2.406 7.6 113.2 

C-17 2.374 8.8 270.6 
C-19 2.379 8.6 989.6 

- 

Average 2.363 9.2 - 9.2 
Standard Deviation - 1.26 - 1.29 

Sasobit Cores 

Specimen Bulk SG Air Voids Permeability, 
x 10-5 cm/sec 

Nuclear 
Estimated 
Air Voids 

S1-1 2.393 7.9 176.3 
S1-2 2.440 6.0 71.8 
S1-3 2.279 12.2 3074.1 
S1-6 2.445 5.9 9.0 
S1-16 2.337 10.0 1714.1 
S1-17 2.420 6.8 77.1 

- 

Average 2.386 8.1 - 8.1 
Standard Deviation - 2.51 - 2.14 

 
 

 
Figure 11. Permeability Results for Trial B 

 
Table 6 summarizes the volumetric properties from Trial B.  No plant specimen sets were 

produced for the control mixture.  This table indicates that the control mix had a lower binder 
content than did the Sasobit mix.  Aside from this, all other properties were similar.   
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Table 6. Volumetric Properties of SM-12.5A Mixture Containing 10% RAP Used in Trial A 
Control Sasobit  

Property Plant Lab Plant Lab 
% AC 5.39 5.60 5.81 
Rice SG (Gmm) 2.604 2.571 2.597 
% Air Voids (Va) 3.3 2.3 2.9 
% VMA 15.8 15.3 16.5 
% VFA 79.1 85.2 82.5 
Dust/AC Ratio 1.27 1.11 1.14 
Bulk SG (Gmb) 2.518 2.513 2.522 
Aggregate Effective SG (Gse) 2.852 2.821 2.865 

Aggregate Bulk SG (Gsb) 2.830 2.799 2.843 
% Absorbed Binder (Pba) 0.28 0.29 0.28 
% Effective Binder (Pbe) 5.12 5.33 5.55 
Effective Film Thickness (Fbe) 9.1 10.8 10.0 
% Density @ Nini  
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86.7 87.8 87.0 
Sieve Percent Passing 

3/4 in (19.0 mm) 100 100 100 
1/2 in (12.5 mm) 100 100 100 
3/8 in (9.5mm) 95.8 97.3 97.0 

No. 4 (4.75 mm) 84.1 84.1 85.2 
No. 8 (2.36 mm) 48.3 49.9 51.0 
No. 16 (1.18 mm) 32.7 33.0 33.4 
No. 30 (600 µm) 24.7 - 25.1 
No. 50 (300 µm) 19.7 19.4 19.7 
No. 100 (150 µm) 13.4 12.7 13.2 
No. 200 (75 µm) 8.6 7.8 8.4 
No.200 (75µm) 
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6.5 5.9 6.3 
 
The TSR was determined for the control laboratory specimen set and Sasobit plant 

specimen set, as shown in Table 7.  Both specimen sets achieved the TSR requirement of 0.80.  
Although the TSR value is higher for the Sasobit specimen set, the dry and conditioned strength 
values of the control section were higher, although not significantly different using the t-test. 

 
Table 7. Tensile Strength Ratios of Mixtures Produced During Trial B 

Control Lab Specimens Sasobit Plant Specimens 
Dry 

Strength, psi 
Conditioned 
Strength, psi 

Dry 
Strength, psi 

Conditioned 
Strength, psi 

227 205 192 151 
238 201 174 152 
243 131 173 161 
168 209 153 160 

Avg. = 219 Avg. = 186 Avg. = 173 Avg. = 156 
TSR = 0.85 TSR = 0.90 
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Rut testing was performed on laboratory specimen sets to evaluate any differences in 
rutting resistance between the control and Sasobit mixtures.  The results are presented in Table 8, 
where it can be seen that both specimen sets had similar results; the t-test confirmed that the 
rutting resistance values were not significantly different.  Both specimen sets were found 
acceptable with regard to rutting resistance, as the specification limit is 7.0 mm for the SM-
12.5A mixture used in the trial.  

 
Table 8. APA Rut Results for Trial B 

Control Lab Specimens Sasobit Lab Specimens Sample Pair 
Hand 

Average 
Automated 

Average 
Average 

Voids 
Hand 

Average 
Automated 

Average 
Average 

Voids 
A 3.28 2.86 8.5 2.33 2.51 8.5 
B 3.24 2.65 8.6 3.39 2.99 8.8 
C 3.20 2.71 8.5 2.76 2.65 8.3 
Average 3.24 2.74 8.53 2.83 2.72 8.53 
Standard 
Deviation 

0.04 0.11 0.06 0.53 0.25 0.25 

 
 

Trial C: Evotherm 
Test Section Description 

 
Test C was constructed as a 1.5-in overlay on Route 143 in York County, Virginia, by 

Branscome, Inc., on October 26 and November 2, 2006.  Approximately 530 tons of WMA was 
placed on October 26 in the southbound travel lane, and approximately 1,000 tons of HMA was 
placed on November 2 in the northbound travel lane.  Testing was performed on 1,000-ft 
segments of this material; the segment locations are described in Figure 12.  

 
Materials 

 
The mixture used in this trial was an SM-9.5D mixture (9.5 mm nominal maximum 

surface mixture using PG 70-22 binder) containing 20% RAP and a design asphalt content of 
5.7%.  The control HMA contained Adhere HP Plus antistrip additive at a dosage rate of 0.3% by 
weight of the binder.  Evotherm emulsion with a residual binder content of approximately 70% 
was used as the binder for the WMA.  The Evotherm emulsion contained antistrip additives.  The 
emulsion was engineered by MeadWestvaco Asphalt Innovations and produced on October 26 at 
the Asphalt Emulsions, Inc., emulsion plant in Richmond, Virginia, and delivered to the plant in 
two tankers on the morning of production.  The base binder for the emulsion was a PG 70-22 
supplied to Asphalt Emulsions, Inc., by Citgo Asphalt.   

 
Production and Construction 

 
Weather conditions for the WMA paving on October 26 were cool and breezy, with clear 

skies.  Ambient temperatures started in the upper 30s (ºF), increasing to a high of approximately 
60ºF.  On November 2, the day of the control section paving, ambient temperatures began in the 
low 40s (ºF) and reached an afternoon high of approximately 64ºF; skies were overcast, and a 
moderate breeze was blowing. 
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Figure 12. Location of Trial C in York County 

 
 
The plant was a Gencor counterflow drum plant.  On the day of WMA paving, 

production at the plant initially began with a conventional HMA for another paving operation.  
After a silo was filled with the conventional mix, WMA production began as the production 
temperature was reduced to approximately 220ºF to 230ºF.  Approximately 530 tons of WMA 
was produced and stored in a silo, to be loaded out as necessary.  The control HMA was 
produced several days later on November 2 at temperatures of approximately 300ºF to 310ºF. 

 
The paving site was located approximately 10 mi from the plant.  The paver used on the 

project was an Ingersoll Rand Blaw-Knox PF3200; no materials transfer vehicle was used.  An 
Ingersoll Rand DD110 vibratory roller was used for breakdown rolling, and a Caterpillar 
CB434C roller was used for intermediate and finish rolling.  The roller pattern consisted of four 
vibratory passes with the DD110 roller and three vibratory passes followed by static finish 
rolling using the CB434C roller.  Two control sections were constructed to determine the roller 
pattern for the WMA section.  Neither complied with the VDOT specification for density. 
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Test Results 
 
Density measurements were taken on segments of the WMA and HMA using a nuclear 

gage.  In addition, sets of six cores were taken to determine the layer thickness and in-situ 
properties of the mixtures.  Figures 13 and 14 illustrate the layout of the control and trial sections 
for Trial C.  Density averages for both sections were nearly equivalent, although the values for 
the Sasobit section had a slightly greater standard deviation, indicating higher variability.   

 

 
Figure 13. Uncorrected Nuclear Density Results for Control Section in Trial C 

 

 
Figure 14. Uncorrected Nuclear Density Results for Evotherm Section in Trial C 
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Table 9 summarizes the properties of each set of cores and the voids estimated from the 
uncorrected nuclear density values.  The f- and t-test analyses used in Trials A and B identified 
slightly higher variances in the Evotherm section as compared with the control.  Although there 
continued to be no statistically significant difference in average void level as measured from the 
cores, the uncorrected nuclear density data did suggest a significant statistical difference in 
overall achieved compaction. 

 
Figure 15 shows laboratory permeability results plotted versus air voids for the Evotherm 

cores.  Permeability was not measured for the control section cores because the core diameters 
were incompatible with the permeameter.  From the graph it can be seen that the Evotherm 
mixture did not comply with the permeability specification at air void contents above 
approximately 10%. 

 
Table 10 summarizes the volumetric properties from Trial C.  This table indicates that the 

primary differences between the control and Evotherm mixes were asphalt content and air void 
content.  All other properties were similar.   

 
 

Table 9. Field Properties from Trial C 
 

Control Cores 
 

Specimen 
 

Bulk SG 
Air 

Voids 
Permeability, 
x 10-5 cm/sec 

Nuclear 
Estimated 
Air Voids 

2 2.326 6.4 
3 2.354 5.3 

4 2.268 8.7 
5 2.314 6.9 

8 2.262 9.0 

11 2.254 9.3 

Data not  
available 

- 

Average 2.296 7.6 - 8.5 
Standard 
Deviation 

- 1.63 - 2.60 

Evotherm Cores 
 

Specimen 
 

Bulk SG 
Air 

Voids 
Permeability, 
x 10-5 cm/sec 

Nuclear 
Estimated 
Air Voids 

T-5 2.084 15.4 781.9 
T-9 2.345 4.8 0.0 
T-13 2.210 10.3 151.4 
T-15 2.252 8.6 85.6 
T-18 2.234 9.3 72.1 
C-20 2.266 8.0 27.6 

- 

Average 2.232 9.4 - 11.1 
Standard 
Deviation 

- 3.48 - 3.45 

   
 



   

  22

 
Figure 15. Permeability Results for Trial C 

 
Table 10. Volumetric Properties of SM-9.5D Mixture Containing 20% RAP Used in Trial C 

Control Evotherm  
Property Plant Lab Plant Lab 

% AC 5.83 6.06 
Rice SG (Gmm) 2.487 2.464 
% Air Voids (Va) 3.1 1.7 
% VMA 16.4 15.5 
% VFA 80.9 89.3 
Dust/AC Ratio 0.94 0.90 
Bulk SG (Gmb) 2.409 2.423 
Aggregate Effective SG (Gse) 2.726 2.707 
Aggregate Bulk SG (Gsb) 2.713 2.694 
% Absorbed Binder (Pba) 0.18 0.18 
% Effective Binder (Pbe) 5.65 5.89 
Effective Film Thickness (Fbe) 9.7 10.2 
% Density @ Nini  
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Sieve % Passing 
¾ in (19.0mm) 100 100 

½ in (12.5mm) 99.2 98.6 
3/8 in (9.5mm) 90.9 88.2 

No. 4 (4.75 mm) 60.2 60.0 
No. 8 (2.36 mm) 46.5 47.0 
No. 16 (1.18 mm) 37.1 38.0 
No. 30 (600 µm) 27.5 27.7 
No. 50 (300 µm) 15.6 14.8 
No. 100 (150 µm) 7.8 7.5 
No. 200 (75 µm) 
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The TSR was determined for the control and Evotherm plant specimen set, as shown in 
Table 11.  In addition, a second set of plant specimens was prepared and stored at ambient 
laboratory temperatures for a period of 1 week prior to being conditioned and tested; this was to 
determine if the Evotherm mixture would continue to gain strength over time.  In general, the 
control specimens decreased in strength after storage whereas the Evotherm specimens gained 
strength, although neither the dry nor conditioned strength after storage of the control or 
Evotherm specimens changed significantly as measured by the t-test.  The dry and conditioned 
control specimen strengths and Evotherm specimen strengths were significantly different.  
Neither set of Evotherm specimens achieved the TSR requirement of 0.80. 

 
Rut testing was performed on laboratory specimen sets to evaluate any differences in 

rutting resistance between the control and Evotherm mixtures.  Results are presented in Table 12, 
where it can be seen that the Evotherm specimens had greater measured rutting than did the 
control specimens.  Significant differences were found between the rutting values for the control 
and Evotherm specimens using the t-test.  The control specimens were found acceptable in 
rutting resistance, as the specification limit is 5.5 mm for the SM-9.5D mixture used in the trial; 
however, the Evotherm specimens did not comply with the requirement. 

 
 
Worker Exposure Testing 

 
More visible asphalt fumes were seen during the HMA pavement operation than during 

the WMA operation.  However, the air sample analysis report indicated that crew members 
tested during both WMA and HMA paving operations were exposed to non-detectable levels or 
levels below recommended exposure levels of airborne asphalt fumes (Tables 13 and 14).  

 
Test Section (WMA) 

 
The samplings results indicate that exposure levels were non-detectable or well below the 

maximum recommended exposure level of 5 mg/m3 of the National Institute for Occupational 
Safety and Health for total dust/particulates and the threshold limit value of 0.5 mg/m3 of 
benzene soluble aerosol recommended by the American Conference of Governmental Industrial 
Hygienists (Table 13).  

 
Control Section (HMA) 
 

The samplings results indicate that exposure levels were non-detectible or well below the 
maximum recommended exposure level of 5 mg/m3 of the National Institute for Occupational 
Safety and Health for total dust/particulates and the threshold limit value of 0.5 mg/m3 of 
benzene soluble aerosol recommended by the American Conference of Governmental Industrial 
Hygienists (Table 14).  
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Table 11. Tensile Strength Ratios (TSR) of Mixtures Produced During Trial C 

Control Plant Specimens Control Plant Specimens 
After 1 week Storage Evotherm Plant Specimens Evotherm Plant Specimens 

After 1 Week Storage 
Dry 

Strength, psi 
Conditioned 
Strength, psi 

Dry 
Strength, psi 

Conditioned 
Strength, psi 

Dry 
Strength, psi 

Conditioned 
Strength, psi 

Dry 
Strength, psi 

Conditioned 
Strength, psi 

199 168 190 156 121 88 130 92 
191 150 195 145 124 96 121 101 
198 166 162 159 128 88 130 95 
200 163 187 163 119 81 127 99 

Avg. = 197 Avg. = 162 Avg. = 184 Avg. = 156 Avg. = 123 Avg. = 88 Avg. = 127 Avg. = 97 
TSR = 0.82 TSR = 0.85 TSR = 0.72 TSR = 0.76 
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Table 12. Asphalt Pavement Analyzer Rut Results for Trial C 
Control Lab Specimens Evotherm Lab Specimens  

 
Sample Pair 

Hand 
Average 

Automated 
Average 

Average 
Voids 

Hand 
Average 

Automated 
Average 

Average 
Voids 

A 5.61 4.71 8.7 10.69 7.62 7.6 
B 5.76 4.90 8.5 10.49 8.40 7.6 
C 5.11 4.21 8.5 10.83 7.07 7.6 
Average 5.49 4.61 8.57 10.67 7.69 7.60 
Standard 
Deviation 

0.34 0.36 0.12 0.17 0.67 0.00 

 
 

Table 13.  Results of Warm Mix Asphalt Fume Analyses for Airborne Particulates and Benzene Soluble 
Aerosolsa 

Employee Job Task Analyte Laboratory 
Result 

ACGIH 
(TLV) 

NIOSH 
(REL) 

Crew Member 1 Standing and 
walking in rear 
of paving 
vehicle 

Total dust (particulate) 
Benzene soluble 

0.35 mg/m3 
<83.4 µg/m3 

______ 
0.5 mg/m3 

5 mg/m3 
______ 

 

Crew Member 2 Operating 
paving vehicle 

Total dust (particulate) 
Benzene soluble 

<0.28 mg/m3 
<83.4 µg/m3 

________ 
0.5 mg/m3 

5 mg/m3 
_____ 

aACGIH = American Conference of Governmental Industrial Hygienists; TLV = threshold limit value; NIOSH = 
National Institute for Occupational Safety and Health; REL = recommended exposure level. 

 
Table 14.  Results of Hot Mix Asphalt Fume Analyses for Airborne Particulates and Benzene Soluble 

Aerosolsa 
Employee Job Task Analyte Laboratory 

Result 
ACGIH 
(TLV) 

NIOSH 
(REL) 

Crew Member 1 Standing and 
walking in rear 
of paving 
vehicle 

Total dust (particulate) 
Benzene soluble 

<0.28 mg/m3 
<83.4 µg/m3 

________ 
0.5 mg/m3 

 

5 mg/m3 
______ 

Crew Member 2 Operating 
paving vehicle 

Total dust (particulate) 
Benzene soluble 

<0.28 mg/m3 
<83.4 µg/m3 

________ 
0.5 mg/m3 

5 mg/m3 
______ 

aACGIH = American Conference of Governmental Industrial Hygienists; TLV = threshold limit value; NIOSH = 
National Institute for Occupational Safety and Health; REL = recommended exposure level. 

 
 
 

SUMMARY OF FINDINGS 
 

• The use of the Sasobit additive did not cause substantial changes in volumetric properties.  
 
• Average air void contents of the Sasobit WMA cores were slightly less than those of the 

control cores, although the difference was not statistically significant.  The variability in the 
voids was slightly greater for the Sasobit cores.  Estimated void contents from the 
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uncorrected nuclear density measurements generally supported this finding, although 
differences were significant for one of the two trial sections. 

 
• Permeability was similar for the control and Sasobit sections in both trials. 
 
• The TSR test provided inconsistent results for Sasobit mixtures when compared to the 

control mixture.  Plant-produced Sasobit specimens had lower indirect tensile strengths, 
although the TSR was less than for the control in Trial A and greater than for the control in 
Trial B.  Reheating the Sasobit mixture from Trial 1 to produce TSR specimens significantly 
increased the indirect tensile strength of the mixture, although TSR values still failed the 
specification requirement.  

 
• The rutting resistance of the Sasobit WMA mixtures and the HMA control mixtures was not 

statistically different when the APA was used.  
 
• The asphalt content of the control mixture was lower than that of the Evotherm mixture; no 

other differences in volumetric properties were seen.   
 
• Air void contents of Evotherm cores were slightly higher than those of the control cores, 

although the difference was not statistically significant.  The air void contents of the 
Evotherm cores did have greater variability.  Estimated voids from the uncorrected nuclear 
density measurements also indicated slightly higher void contents and variability for the 
Evotherm section as compared to the control section; in addition, the difference in 
compaction was statistically significant as measured by the uncorrected density.   

 
• TSR values for the Evotherm specimens were lower than those for the control mixture.  

Storage of both specimen sets at ambient temperature resulted in a slight increase in the dry 
and conditioned strengths of the Evotherm mixture and a slight reduction in the dry and 
conditioned strengths of the control mixture; however, these changes were not significant.  
Storage resulted in a small increase in the TSR values for both specimen sets, although the 
TSR of the Evotherm specimens still did not comply with the specification.  

 
• Evotherm specimens exceeded the maximum allowable rutting depth when tested using the 

APA.  Control specimens had acceptable rutting resistance.  
 
• Asphalt fume sampling conducted during the Evotherm WMA paving and control HMA 

paving for Trial C indicated that crew members were exposed to non-detectable levels or 
levels below the maximum recommended exposure levels of airborne asphalt fumes.  

 
 
 

CONCLUSION 
 

• Warm mix asphalt can be successfully placed using conventional hot mix asphalt paving 
practices and procedures, with the primary difference being the reduction in temperature.   
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RECOMMENDATIONS 
 

1. VTRC and VDOT’s Materials Division and districts should cooperate to place additional 
WMA sections using Sasobit and Evotherm to validate the experience gained in this study.  
These sections should include cold weather installations to evaluate the potential for 
increasing the length of the paving season. 

 
2. VTRC and VDOT’s Materials Division and districts should cooperate to place additional 

WMA sections to provide experience and evaluation opportunities for the additional 
available WMA technologies not included in this study. 

 
3. VTRC and VDOT’s Materials Division and districts should continue to cooperate to 

maintain the documentation of experiences with and performance of WMA. 
 
4. VTRC should perform further laboratory investigations to determine if the TSR test is an 

appropriate test for use with WMA to determine stripping resistance.  In addition, a further 
study of the influence of reheating on WMA should be performed to identify appropriate 
procedures for acceptance testing.  Relationships between design properties and 
performance should also be considered. 

 
5. VTRC should continue to monitor the performance of the three trial installations described 

in this report to evaluate the long-term performance of the WMA and HMA sections. 
 
 

 
COSTS AND BENEFITS ASSESSMENT 

 
Inclusion of WMA technology as an option for paving operations provides potential 

benefits to VDOT and the contracting community.  Theoretically, these technologies could 
extend the asphalt paving season into cooler weather, allowing for better optimization of paving 
resources.  The technologies also allow the construction of asphalt pavements at lower 
temperatures, resulting in reduced cooling time before the pavement is opened to traffic.  Lower 
production temperatures may also increase mixture durability by reducing production aging of 
the mix.  Benefits to contractors may include the ability to increase hauling distances between 
the plant and project, reduced plant emissions resulting in improved air quality, and cost savings 
because of reduced energy costs.  Because of the experimental nature of this study, no cost 
savings data are yet available to justify or refute the use of WMA technologies. 
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