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Outline of Presentation 

• Introduction to Warm Mix Asphalt (WMA) 

• Benefits of WMA 

• Description of WMA Processes used in NB 

• “Practical and Laboratory” Review of NB 

Projects and mix designs 

• Environmental Data 

• Field Observations and Comments 

• Conclusions 



Today’s WMA Presentation will have: 

G*x Sin δ 



Introduction 

What is Warm Mix Asphalt (WMA)? 

 

• Asphalt Concrete that can be mixed and 

placed at lower temperatures than 

conventional HMA while maintaining the 

original physical properties. 



Environmental Benefits of WMA 

“The green shift” 
• Kyoto Accord targets (Canada); It’s politically correct!! 

• Global Warming 

• Stricter environmental rules; plant permit 

• Emission Reductions; smog days 

– SOx = Acid Rain 

– NOx = Smog, Ground Level Ozone; Green House gas 

           (significantly worse then CO2 for global 

warming) 

– VOC = Volatile Organic Compound  

         = Carbon Containing gases; Evap’n light ends from oil 

– CO2 = Green House Gas = global warming 

– CO  

• Carbon Credits 

 



Practical Benefits of WMA 

• Increased haul distances: 

– Slower cooling rate &    compaction temperatures 

– Can be heated to regular HMA temperatures to 

compensate for long hauls w/o oxidizing mix. 

 

•   RAP content without  requiring a binder change  

• Thin lift paving 

•    $ Fuel $ Consumption; up to 55%  

•     Plant Emissions  

•     Fumes for workers at paver  

•     RTR pick-up;  differential temp. is less  

 



WMA is much safer to work with and  

great for “bring your kids to work day”! 

 



Practical Benefits of WMA (cont’d) 

• Decrease Oxidation of mix: 

– Each 25F decrease in mix temp = 50% less 

oxidation of the binder .   
 

• Evotherm binder after 7-10 years of laboratory 

simulated aging = New HMA binder  
 

• Studies have shown it to be more resistant to 

reflective and fatigue cracking.  

– More testing/trials needed; would depend on 

underlying crack movement/type 

 

 



Practical Benefits of WMA (cont’d) 

• Extend season: cooler weather; night paving 

– WMA can be heated to regular HMA temperatures 

to compensate for cool weather 
 

• Potential for a decrease AC absorption in stone 

= less AC req’d= $ AC savings $ 

 

 



TxDOT Cores After 1 Year 
 

Hot Mix Control Warm Mix Asphalt 

AC absorption = Wasted AC $$ 



FYI: Technology is Allowed to Evolve 



   

                                              

 

 

 

What are the long term effects of    

exposure to Hot Mix Asphalt fumes? 

                                                

 

 

       It’s not 

                                                pretty! 

Asphalt cement  

is only $1000/tonne 

+ Freight. 

What a deal !!!!! 



CONVENTIONAL 

HOT MIX 
WARM MIX 

Good News: Technology is Still Making Leaps and Bounds 

http://images.google.com/imgres?imgurl=http://www.istockphoto.com/file_thumbview_approve/3986571/2/istockphoto_3986571-forward-thinking.jpg&imgrefurl=http://www.istockphoto.com/file_closeup/3986571-forward-thinking.php%3Fid%3D3986571&usg=__SWA4xhxyKWr6HZhNDiAX9UtvIIg=&h=380&w=285&sz=36&hl=en&start=158&tbnid=ne5W9v_poqOXQM:&tbnh=123&tbnw=92&prev=/images%3Fq%3DClip%2Bart%2Bthinking%26ndsp%3D20%26hl%3Den%26sa%3DN%26start%3D140


115C mix HMA rolling temp. 



115C mix HMA rolling temp. 



WMA Processes  

NB Projects 

 

 



Evotherm Process 

3 Delivery systems: 

• Emulsion:  

• High residue emulsion (typ. 68-70% Residue) 

• Directly from tanker or from AC tank 
 

• DAT Solution: 
•  (Dispersed Asphalt Technology) Injection System 

• Totes or a separate storage tank at HMA plant 
 

• 3G- Third Generation: 

• AC additive @ low dosage; chemical package 

• Evotherm 3GV 

• Evotherm 3GR 

• Added to tanker at AC terminal; AC tank required at HMA plant 



Evotherm Emulsion 

• High residue (typ. 68-70%) 

• Replaces AC; drop-in technology 

• Both batch and drum plants 



Evotherm DAT Solution 

WMA special 

additive 



Evotherm 3G being added 

600 gal Additive 

Metering System 

Mass Flow Meter 

 



Evotherm Temperatures Specifics 

Process Mixing 
Temp 

Behind 
Spreader 

Initial 
Rolling 

Evotherm Emulsion 100-105C 90-95C 85-90C 

Evotherm DAT 115-120C 105-115 100-105 

Evotherm 3G 125-130C 115-125C 115-120C 

HMA 150-155 145-150C 135-140C 



Review of NB Projects 

 

 



Review of NB Projects 

• WMA test results were very similar to HMA: 

– air voids, density, VMA etc. 
 

• HMA mix designs can be used for WMA, 
however a slight AC drop in the design “may” 
be required to maintain voids due to 
increased compatibility and effective AC. 

 

• Dust adjustment “may” be required at plant 
to increase air voids;  baghouse dust removal 
capabilities decrease due to lower mix temps.   

 



Rte 111  

Evotherm Emulsion 

Lafarge Construction 

 



Location of Evotherm Emulsion   
Job on Rte 111, St. Martins 

~60 km haul 

Lafarge‟s 

Plant 

 Job: 
-   West Section: WMA-D Padding + WMA-D 

-   East Section: Partial Mill + WMA-D 

-   Total WMA-D 1.1km 



McA Mix Check of Lafarge Rte 111 Mix 

Blend Source Type ‘D’ 

12.5 mm Stone Grandview 30.0% 

6.35 mm minus Grandview 44.0% 

Washed Sand Grandview 18.0% 

Blend Sand Blagdon 8.0% 

Evotherm  58-28 ET McAsphalt  8.82% * * Based on 6% residue 

Physical Properties 

HMA WMA NBDOT Spec 

Mixing Temperature °C 150 130 

Compaction Temperature °C 135 90 

Ndesign – Gyrations 100 100 

Bulk Relative Density 2.399 2.376 

Maximum Relative Density 2.498 2.472 

% Air Voids 3.97 3.88 

% VMA 15.4 16.2 14.0 minimum 

% VFA 74.1 75.9 65 - 75 

Tensile Strength Ratio Anti-strip  

Req‟d 

92.2 

No Anti-strip 

75 % minimum 



Rte 111 Evotherm Emulsion 
WMA -D Mix Results (McA Field Samples) 

Sample JMF WMA-1 WMA-2 WMA-3 

Time 6:00 am 9:25 am 3:55 pm 

Date Sept 14 Sept 16 Sept 16 

Sieve 

12.5 mm 100.0 100.0 100.0 100.0 

9.5 mm 95.5 91.0 86.9 90.1 

4.75 mm 62.7 57.8 50.5 57.0 

2.36 mm 39.5 38.7 28.1 35.1 

1.18 mm 25.9 25.4 18.2 24.0 

0.600 mm 16.7 15.7 12.5 15.9 

0.300 mm 11.0 8.6 8.2 9.7 

0.150 mm 7.4 5.1 5.8 6.4 

0.075 mm 5.3 3.4 4.5 4.6 

% Residual AC 6.0 5.49 5.80 6.19 

Bulk Recompacted Density 2.376 2.391 2.376 2.433 

Maximum Theoretical Density 2.472 2.487 2.486 2.470 

% Air Voids 3.88 3.86 4.42 1.50 

Penetration Recovered Asphalt Cement 116 93 93 100 

WMA Recovered Pens were 80-86% of original Pen vs. typical 60-70% with HMA 

? 
Outlier 



Evotherm Emulsion (cont’d) 

Residue Testing on Emulsion: 
 

• DOT: 74.5%, 77.1%, 77.9 

• McA: 71.3%, 71.2, 69.2%  

• Emulsion Content @ HMA plant was adjusted 

to compensate for fluctuation in residue and 

to meet air voids requirements. 

• NBDOT field testing indicated to dry samples 

to a constant mass. 

 



Evotherm Emulsion: St. Martins, N.B. 

After 1st winter: Local 

inspector gives thumbs up 

to Evotherm WMA:  

WMA Rules!!!! 

Rte 111: Follow-up April 2009; 2 seasons later 



Rte 106  

Evotherm 58-28 3G 

Modern Construction 

 



Location of Evotherm 3G  
Job on Rte 106 

Modern‟s

Plant 

 Job: 
-  Mill + Base + Seal 

-  1.5km WMA-B & WMA-D 

-  1.0km HMA-B & HMA-D 

 

~29 km haul 



Mix Design Data Rte 106-Modern Construction 

Blend Type ‘B’ Type ‘D’ 

Mix HMA WMA HMA WMA 

25.0 mm Stone 43.7 43.8 

12.5 mm Stone 24.4 24.5 

6.3 mm Fine  46.5 46.6 62.2 62.3 

Blend Sand 4.8 4.8 7.6 7.6 

PG 58-28 5.0 5.8 

PG 58-28 – 3G Evotherm® 4.8 5.6 

Physical Properties 

Mixing Temperature °C 150 130 150 130 

Compaction Temperature °C 135-140 120 135-140 120 

Ndesign – Gyrations 100 100 100 100 

Bulk Relative Density 2.401 2.398 2.399 2.395 

Maximum Relative Density 2.501 2.504 2.496 2.495 

% Air Voids 4.0 4.25 3.91 4.0 

% VMA 14.16 14.05 15.71 15.45 

% VFA 71.8 69.8 75.1 74.1 

AC lowered to 

maintain voids 

AC lowered to 

maintain voids 



   Typical Mix Design Grading 



Rte 106 Fuel Consumption 

Batch Plant  
No 2 Fuel 
8000 lb Batch 

WMA-B 
($/MT) 

WMA-D 
($/MT) 

AC Cost -1.5 -1.5 

Fuel Cost -5.9 4.6 

Evo 3G Premium +2.4 +2.8 

Overall Saving vs. HMA $5/MT $3.3/MT 

Mix Fuel Consumption 

Litres/tonne 

Fuel Saving 

% 

Warm „B‟ mix 4.558 52% 

Hot ‟B‟ Mix 9 – 10 

Warm „D‟ Mix 5.648 40% 

Hot „D‟ Mix 9 - 10 



Rte 106 – Compaction Results 

Mix Type Compaction Range  

(%) 

Average 

(%) 

Warm „B‟ Mix  92.7 – 97.9 94.4 

Hot „B‟ Mix 94.2 – 95.7 95.0 

Warm „D‟ Mix  94.0 – 95.2 94.6 

Hot „D‟ Mix 92.3 – 95.8 93.6 



Rte 106: Base Mixes DOT Test Data 
Mix Type HMA –B Warm 

Mix – B 

Sample JMF 1 2 1 2 

Time 9:30 am 8:00 am 4:40 pm 9:00 am 

Date July 14 July 15 July 15 July 16 

Sieve 

25.0 mm 100.0 100.0 100.0 100.0 100.0 

19.0 mm 94.8 93.0 93.5 94.7 94.0 

16.0 mm 86.2 85.5 87.0 88.4 87.1 

12.5 mm 75.9 79.4 80.9 79.8 79.8 

9.5 mm 66.5 70.1 72.3 68.8 71.2 

6.3 mm 55.5 57.1 59.5 55.7 58.1 

4.75 mm 46.5 47.9 50.8 46.2 50.3 

2.36 mm 30.3 32.5 35.7 31.7 34.2 

1.18 mm 21.2 23.1 25.5 22.7 24.1 

0.600 mm 16.3 17.9 19.7 17.6 18.4 

0.300 mm 10.6 10.5 11.8 10.7 11.0 

0.150 mm 6.7 5.8 6.8 6.4 6.2 

0.075 mm 4.4 4.1 4.9 4.7 4.4 

% Asphalt Cement 5.0/4.8 5.03 5.16 4.85 5.12 

Bulk Recompacted Density 2.398 2.386 2.403 2.405 2.411 

Maximum Theoretical Density 2.504 2.498 2.496 2.503 2.505 

% Air Voids 4.25 4.48 3.73 3.92 3.75 

% VMA 14.05 14.72 14.23 13.84 13.87 

% VFA 69.8 69.4 73.8 71.7 73.0 WMA and HMA results are both very consistent with JMF 



Rte 106: Surface Mixes DOT Test Data 

Mix Type Hot Mix Warm 

Mix 

Sample JMF 1 1 2 

Time 8:00 am 8:00 am 12:00 pm 

Date July 18 July 17 July 17 

Sieve 

12.5 mm 100.0 100.0 100.0 100.0 

9.5 mm 94.7 95.8 92.2 88.6 

6.3 mm 74.6 74.6 72.3 71.4 

4.75 mm 62.5 63.6 62.2 60.6 

2.36 mm 40.5 42.5 40.1 38.9 

1.18 mm 28.3 29.0 27.4 26.1 

0.600 mm 21.5 21.5 20.3 19.1 

0.300 mm 13.3 13.0 12.4 11.3 

0.150 mm 7.5 7.8 7.7 6.5 

0.075 mm 5.2 5.7 5.7 4.6 

% Asphalt Cement 5.8/5.6 5.79 5.70 5.60 

Bulk Recompacted Density 2.399 2.384 2.418 2.389 

Maximum Theoretical Density 2.496 2.496 2.498 2.496 

% Air Voids 3.91 4.49 3.2 4.29 

% VMA 15.71 16.01 14.73 15.66 

% VFA 75.1 71.9 78.3 72.7 

WMA and HMA results are both very consistent with JMF 



Evotherm-3G Rte 106 (cont’d) 



April 2009 Follow-up Rte 106/Salisbury Rd 



Rte 135  

Evotherm 58-28 3G 

St. Isidore Construction 

 



Location of Evotherm 3G  
Job on Rte 135 

 Job: 
- Pulv. + Gran + Dbl Chip + D Mix 

- 3km WMA-D 

- 1km HMA D 

 

St. Isidore‟s 

Plant 

~24 km haul 



Rte 135: NBDOT Surface Mix Designs 

Blend Type ‘D’ 

Mix HMA WMA 

12.5 mm Stone 32.9 32.9 

6.3 mm Fine 42.2 42.3 

6.3 mm Washed Fine  11.3 11.3 

Blend Sand 7.5 7.5 

PG 58-28 6.1 

PG 58-28 – 3G Evotherm® 6.0 

Physical Properties 

Mixing Temperature °C 150 125-130 

Compaction Temperature °C 135-140 120 

Ndesign – Gyrations 100 100 

Bulk Relative Density 2.503 2.469 

Maximum Relative Density 2.603 2.574 

% Air Voids 3.84 4.07 

% VMA 15.46 16.48 

% VFA 75.2 75.3 

Tensile Strength Ratio (with anti-strip) 83.2 w AS 89.3 wo AS 

AC lowered to maintain 

voids 

HMA required antistrip and WMA did not!!! 



Rte 135: Surface Mixes NBDOT Test Data 
Mix Type Hot Mix  Warm 

Mix 

Sample JMF 1 1 2 3 

Time 9:45 am 10:10 am 1:15 pm 7:40 am 

Date Sept 25 Sept 26 Sept 30 Oct 1 

Sieve 

16.0 mm 100.0 

12.5 mm 100.0 100.0 99.4 100.0 100.0 

9.5 mm 94.3 93.6 93.1 96.3 93.9 

6.3 mm 73.1 77.3 73.3 76.6 73.6 

4.75 mm 62.3 67.9 61.7 65.1 63.0 

2.36 mm 39.9 44.9 39.9 42.0 41.2 

1.18 mm 26.6 30.2 27.1 28.0 27.7 

0.600 mm 18.8 20.1 18.6 18.8 18.6 

0.300 mm 11.7 11.8 11.4 11.7 11.4 

0.150 mm 7.6 6.8 6.8 7.3 6.7 

0.075 mm 5.0 4.4 4.6 5.1 4.3 

Hot Warm 

% Asphalt Cement 6.1 6.0 6.38 6.11 6.26 6.14 

Bulk Recompacted Density 2.503 2.469 2.455 2.498 2.481 2.486 

Maximum Theoretical Density 2.603 2.574 2.546 2.576 2.562 4.569 

% Air Voids 3.84 4.07 3.57 3.03 3.16 3.23 

% VMA 15.46 16.48 17.32 15.6 16.31 16.03 

% VFA 75.2 75.3 79.4 80.6 80.6 79.8 

WMA and HMA results are both very consistent with JMF 



Energy Savings-  St Isidore Rte 135, 2008 

Black Line – HMA Agg 
Temp = 160C 
 

Tracer for WMA Agg 
Temp = 125C 

Burner Position: 
-  HMA typically at 2.5.   
-  WMA was at 1.6 
-  ~ 36% if dir. prop’l 

•4000 lb batch; baghouse 

•Plant fired with propane 



NB – St Isidore (3G) 

Pulverize then 

Double Chip 



Evotherm-3G Rte 135 (cont’d) 

• Density:  
 

– HMA density= 93.2% 

– WMA  density= 94%, 92.4% 

– Needed to keep breakdown roller close to 

paver in cool weather. 

 

 

 



Environmental Data 



 
 
 
 
 
 
Stack Emission Testing Rte 106: 
 
Combustion Gas Sampling Results 
6000 lb Batch Plant with baghouse 

 



 
 
 
 
 
 
Stack Emission Testing Rte 106: 
 
Combustion Gas Sampling Results 
6000 lb Batch Plant with baghouse 

 

Combustion Gas Concentr
ation 

% Reduction 

HMA WMA 

Oxygen 15.9 % 17.4 % 

Carbon Dioxide (CO2) 3.9 % 2.8 % 28.2 % 

Carbon Monoxide (CO) 28.3 ppm 20.3 ppm 28.3 % 

Sulphur Dioxide (SO2) 0.1 ppm 1.3 ppm -1300 % 

Nitrogen Oxides (NOx) 63.7 ppm 41.7 ppm 34.5 % 

Average Stack Temperature 118°C 94°C 

Fuel Usage litres per tonne 9 – 10 5.103 (avg.) ≈ 46 % 



Stack Emissions – Rte 106 Moncton 



Field Observations  
and Comments 



Field Observations & Comments  

• Significant decrease in fumes at HMA plant & job 

site.   

– Reason: Light oils boil off @ ~ 285F/140C 

– Employees were very pleased 
 

• Much cooler and safer working environment 
 

• Less end of load segregation  
 

• Cleaner truck boxes: 

– Mix did not stick to box and flowed smoothly to the 

paver. 

 

 

 

 

 

 

 



Field Observations & Comments (cont’d)  

• WMA maintained temperature and stayed workable 

longer.  
 

• Easy to get density with WMA. 
 

• WMA is a more forgiving mix; especially if waiting 

for trucks.  
 

• RTR used soap / additive to prevent pick-up; no 

significant issues. 
 

• Longitudinal joints were very tight and look great 

- Tighter jt. = less infiltration, less freeze thaw, 

less oxidizing, less ravelling, less cold joint 

cracking. 

 

 

 

 

 

 

 

 

 

 

 



• WMA very stable with no apparent tender zone   

• Good roller support & no shoving at unconfined 

edge. 

 

Field Observations & Comments (cont’d)  

Modern Rte 106 



• In 2009 H2O was added to aggregate conveyor to 

enable mix temperature reduction in the batch plant; 

Reason: Freshly crushed aggregate. 

Field Observations & Comments (cont’d)  



Evotherm WMA in Canada 

• 2009 ≈ 90,000 MT (18 projects): 
 

– 1 in BC (500MT) 

– 1 in Saskatchewan  (600MT) 

– 1 in Manitoba (7000MT) 

– 4 in Ontario (13700MT) 

– 1 in Quebec (5500MT) 

– 1 in NS (2000MT) 

– 9 in NB , (6 Evotherm-3G/DAT, 3 HyperTherm); 

NB did ~60,000MT of WMA!!  

  (~8% of NBDOT program) 
 

 
 

 

 



Review of NB Projects (cont’d) 

NBDOT Patching Crew; 2009 WMA 



Conclusions 

• WMA and HMA performed equally well in both the field 
and the lab. 

• Handling/placing of WMA and HMA was identical in the 
field. 

• Evotherm received positive feedback from contractors. 

• WMA has potential to have a large role in the future of 
paving. 

• WMA appears to produce better longitudinal joints that 
that could be less prone to raveling and cold joint 
cracking.  

• Depending on the project WMA can save you 
money/ tonne relative to HMA.  
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Thank You 

Questions? 


