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Wayne Jones – Asphalt Institute 
Jason Dietz – FHWA Resource Center 

Presenter
Presentation Notes
This is the third of a series of 4-hour workshops that the Asphalt Institute is putting on in cooperation with FHWA.  The other two are Longitudinal Joints and Intelligent Compaction. This project is a review of previous and current research combined with best practices and recommendations to achieve well bonded pavement structures.  We will show how poorly bonded pavements succumb to early failure and how to avoid those pit falls. 



Instructor introductions 

Course materials / Forms and handouts 

Questions and interaction 

Coffee breaks 

Classroom etiquette (Cell phones, Talking)  

All applications are in terms of residual asphalt. 
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 Instructors Introductions 
 Audience Makeup? 
◦ DOT 
◦ Local Agency 
◦ Contractor 
◦ Supplier 
◦ Consultant 

 Years in Industry? 
◦ 0-5 
◦ 5-10 
◦ 10-20 
◦ 20+ 
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Presenter
Presentation Notes
Trying to get a feel for the audience’s experience. 
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Presenter
Presentation Notes
Do the participants have any questions at the outset that they would like the instructors to cover?



 
… to improve the overall bonding of 

pavement layers; 
to decrease distresses associated   

with poor bond; 
and to improve overall pavement 

performance. 
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Presenter
Presentation Notes
The overall purpose is as defined out here.  



 Condition of Existing Pavement   
 Tack Coat Application Rate 
 Residual Binder Content 
 Proper Distributor Operation 
 Emulsion Break and Set Times 
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I. 
• Importance of Tack Coats 

II. 
•Tack Coat Materials Selection & Handling 

III. 
•Tack Coat Specifications & Manuals 

IV. 
•Quality & Inspection 

V. 
•Testing & Best Practices 

VI. 
•Review & Summary 
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 Guided instruction/discussion 
 Protocol: 
◦ Informal 
◦ Questions are encouraged 
◦ Class participation is essential 
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Presenter
Presentation Notes
Most of the information will be presented in lecture/discussion format.  However, we will also feature class exercise to help apply some of the concepts presented and drive home some of the important points.We want the course to be as informal as possible.  We encourage questions and class participation so that the course is tailored to the needs of the group.



Upon completion of this workshop, you will 
be able to: 
1. Recognize the importance of layer 

bonding. 
2. Describe the proper handling, storage, and 

testing of tack coat materials. 
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http://blog.commlabindia.com/elearning/create-effective-learning-objectives
http://blog.commlabindia.com/elearning/create-effective-learning-objectives


3. Explain the type of field tests used to 
measure residual application rates. 

4. Identify construction best practices that 
need to be met in order to have a 
successful tack coat application. 
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      2014 – Pilot, VA 
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 FHWA Best Practices Tech Brief (Dec. 2015) 
 AASHTO SOM Specification Was Submitted 
 Increasing Application Rates 
 DOTs Specification Revisions 
 Going to Stiffer Base Asphalts 
 Verifying Calibration of Distributor 
 Treat Tack as Separate Pay Item vs. 
Incidental Item 
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Presenter
Presentation Notes
Ask the participants what is happening in the photo, what might be the cause or consequence, what to do if this does happen, and so forth.  Let them answer and instructor can fill in the detailsPicture from Yellowstone NP of a maintenance overlay being installed by a Park Service crew.  Note the lack of tack and how far back the rollers are.
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Presenter
Presentation Notes
Ask the participants what is happening in the photo, what might be the cause or consequence, what to do if this does happen, and so forth.  Let them answer and instructor can fill in the detailsPicture from Yellowstone NP of a maintenance overlay being installed by a Park Service crew.  Note the lack of tack and how far back the rollers are.
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Presenter
Presentation Notes
Construction pictures from a subdivision overlay upon an alligator cracked road.  Hand applied “tack coat”.  Pavement failed in less than a year.
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Presenter
Presentation Notes
The wand on a distributor truck is for small areas that are not readily assessable to the spray bar, not in lieu of the spray bar.
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Presenter
Presentation Notes
Called “zebra tack” by some, applications such as this do not have near the adhesive quality as a uniform spread. 
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Presenter
Presentation Notes
An example of non-uniform tack application both longitudinally and tangentially.  This truck is in need of maintenance. 



The Ultimate Goal: 
Uniform, complete, and adequate coverage 



I. 
• Importance of Tack Coats 

II. 
•Tack Coat Materials Selection & Handling 

III. 
•Tack Coat Specifications & Manuals 

IV. 
•Quality & Inspection 

V. 
•Testing & Best Practices 

VI. 
•Review & Summary 
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Why do we 
use Tack 
Coats? 

Presenter
Presentation Notes
Let the participant’s list the reasons Tack coats are important.  Instructor can fill in the gaps.The most important purpose is to promote layer bonding.  The presenter, NEEDS to emphasize that this is the key reason for tack coats.

http://3.bp.blogspot.com/-9y0ToVowowo/UawtJ0hav3I/AAAAAAAABzw/JXgwciBSJ3s/s1600/1.jpg


 To promote the bond between 
pavement layers.  
◦ To prevent slippage between pavement 

layers. 
◦ Vital for structural performance of the 

pavement.  
◦ All layers working together. 
◦ Apply along all transverse and 

longitudinal vertical surfaces. 
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Presenter
Presentation Notes
Let the participant’s list the reasons Tack coats are important.  Instructor can fill in the gaps.The most important purpose is to promote layer bonding.  The presenter, NEEDS to emphasize that this is the key reason for tack coats.

http://3.bp.blogspot.com/-9y0ToVowowo/UawtJ0hav3I/AAAAAAAABzw/JXgwciBSJ3s/s1600/1.jpg


 Poor pavement performance 
◦ Slippage cracks 
◦ Shoving 
◦ Early fatigue cracking 
 Bottom up 
 Top down 

 Costly pavement repairs 
◦ Repair of isolated area relatively inexpensive 
◦ Removal and replacement of a portion or the 

entire pavement structure is very expensive 
◦ Shorter than expected pavement life can be 

devastating for agency budgets 

Presenter
Presentation Notes
This slide shows that the consequences of poor bonding is poor pavement performance and costly pavement repairs.  Speaker should emphasize that the most costly situation occurs when early fatigue cracking is seen which may require the agency to remove and replace entire layers of pavement sooner than anticipated.



Tack Coat—sprayed application 
of asphalt cement upon an 
existing asphalt or Portland 
cement concrete pavement which 
may or may not have been milled 
before an overlay, or between 
layers of fresh asphalt concrete.   



 Original Emulsion—an undiluted emulsion which 
primarily consists of a paving grade binder, water, 
and an emulsifying agent.  
 

 Diluted Emulsion—an emulsion that has been 
diluted with additional water.   
◦ Critical to control  
◦ 1:1 typical (Original Emulsion: Added Water) 
 

 Residual Asphalt—the remaining asphalt after an 
emulsion has set typically 57-70 percent.  
 
 

What we are talking about: 



What’s wrong (if anything) with the 
following specification regarding 
application rate?: 

“Apply the tack coat at a rate of 0.05 gallons/yd2” 



If the example spec intended 0.05 gal/yd2 of residual asphalt: 

Original emulsion applied at 0.05 gal/yd2 

using an emulsion with 60% residual asphalt, 
leaves 0.03 gal/yd2 on the roadway? 
 

40% less than intended 



If the example spec intended 0.05 gal/yd2 of residual asphalt: 

Diluted Emulsion using the same emulsion 
diluted 1:1 with water and applied at 0.05 
gal/yd2 leaves 0.015 gal/yd2 on the 
roadway? 
 

70% less than intended 



If the example spec intended 0.05 gal/yd2 of residual asphalt: 

To receive Residual Asphalt at 0.05 gal/yd2 using an 
emulsion with 60% residual asphalt, the contractor would 
need to apply: 
 

0.083 gal/yd2 of Original Emulsion or  
0.167 gal/yd2 of 1:1 Diluted Emulsion 



 Tack Coat Break—the moment when water 
separates enough from the asphalt showing 
a color change from brown to black.   

 Tack Coat Set—when all the water has 
evaporated, leaving only the residual 
asphalt.  Some refer to this as completely 
broke. 
 

Presenter
Presentation Notes
At the break point (color change), there is typically still water left in the emulsion. 



 T/F   A Broken Emulsion is the remaining 
asphalt after an emulsion has set.  
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Presenter
Presentation Notes
False—a broken emulsion will have changed color from brown to black but it will still have some remaining water in it.

http://img.wikinut.com/img/1t2_tj-ppvk51uep/jpeg/0/Terminology-Matters!.jpeg


 
 
 
 
         Courtesy of Rich May 

Tension 

Stress Distribution 

Soil Subgrade 

Aggregate Base 

Shear Transfer 

Compression 

Load Distributed by Tire 
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Presenter
Presentation Notes
A well bonded pavement will uniformly distribute stress through the pavement. When all of the layers are bonded and working together, the top half of the pavement will be in Compression with the bottom half of the pavement in Tension, uniformly distributing the load into the base layers. This is the condition assumed when pavements are designed to carry the designated traffic loading.  Pavements that are not bonded will not distribute the load as shown above.  Illustration of typical load transfer through a pavement to its base and the subgrade.  A bond failure at any of the layers or at multiple layers will alter the idea stress profile, shifting the critical tensile stress from the bottom of the pavement to the bottom of one of the upper lifts.  This will dramatically reduce the fatigue life of the pavement.



Unbonded 

0 50 100 150 200 -50 -100 -150 -200 

0 50 100 150 200 -50 -100 -150 -200 

Bonded 
HORIZONTAL MICROSTRAIN 

compression 

compression 

tension 

tension 

HORIZONTAL MICROSTRAIN 

Consequences of Debonding 

Courtesy of NCAT 

Presenter
Presentation Notes
Debonding of the mid-layers and the bottom layers as seen in the bottom figures, leads to the strain profile in the lower right figure.  Note that the peak microstrain under the fully bonded condition is a little over 100, while for the debonded lower layers and the mid-layers it is over 150 microstrains.  Thus, about a 50% increase.



 Up to 5 sheets (layers) 
 48” x 4” x 11/32” 
 60, 100, or 160 pound loadings 
 Various Bonding Configurations 
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Presenter
Presentation Notes
Note the details of the experiment.Multiple lifts (new or old) must be adequately bonded in order for the pavement section to perform as designed.  All bound layers of in a flexible pavement must work together in order to achieve a long lasting pavement. 



½” Deflection, 
60lb Load 

¼” Deflection, 
160lb Load 

  Fully Bonded Unbonded 
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Presenter
Presentation Notes
In the unbonded condition, the individual layers act independently resulting in a significant deflection of 1/2”.  When the individual layers (lifts) are fully bonded using glue, the strength of the section is greatly increased and resulting deflection is drastically reduced.  The increased defection of an unbonded pavement greatly increases the strain at the bottom of the pavement layer which greatly accelerates bottom up fatigue cracking.  The above illustration represents the reactions of vertical loading.  Lateral stresses are also present and can impact the surface very rapidly 



 2 bonded layers had less deflection than  
5 unbonded with the same loading (60#). 
 

 5 unbonded layers deflected 4x more than  
5 bonded with the same loading (60#). 
 

 5 bonded layer with over 2½x the load 
deflected half as much as 5 unbonded. 
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TACK 



 Layer independence 
◦ Reduced fatigue life 
◦ Increased rutting 
◦ Slippage 
◦ Shoving 

 Compaction difficulty 
 

Direction of traffic? 
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Presenter
Presentation Notes
Good spot for the instructor to ask what is going on and why, and then he could use that to ‘sell’ how proper tack coat application would have helped in the situation.Crescent shaped slippage cracks often rapidly appear on poorly or unbonded areas. These slippage cracks typically appear in areas of extreme stress such as braking areas, high speed curves or areas where sharp turning movements occur.  This type of cracking is usually limited to local areas of high stress.  It is possible for these types of cracks to develop due to excessive tack application, but the typical reason is no or low tack or properly applied tack that has been tracked off the job by mix trucks backing into the paver over uncured tack. A proper mill and patch operation for repairing these areas is necessary to alleviate the distress on a properly designed pavement.Traffic direction question to students—for both pictures the traffic is from left to right.



Slippage Failure 

Presenter
Presentation Notes
Slippage Failure	Bond strength wasn’t great enough to resist shear force	Not only the obvious smoothness issue 	Also exposing binder course which might be more porous	Allowing water to work at bond and problem will grow	Big whole in the “roof”, shingles are falling off



 Delamination of overlay from underlying pavement 



Days later! 
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Courtesy of Road ScienceTM  

Presenter
Presentation Notes
Dramatic example of layer slippage in the Salt Lake City area.Yes pavements can move around a lot!! 



 May & King: 
◦ 10% bond loss = 50% less fatigue life 
 

 Roffe & Chaignon 
◦ No bond = 60% loss of life 
 

 Brown & Brunton 
◦ No Bond = 75% loss of life 
◦ 30% bond loss = 70% loss of life 

0% 

20% 

40% 

60% 

80% 

100% 

0% 50% 100% 

Bond Loss 

Loss of Life 
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Presenter
Presentation Notes
Examples of published research which analyzed the consequences of bond loss and its affect on fatigue life.   Simply demonstrates that with even minor losses in bonding, the effect is very significant.May & King: 2004 TRB presentationRoffe & Chaignon: (2002) “Characterization Tests on Bond Coats: Worldwide Study, Impact, Tests, Recommendations,” 3rd International Conference on Bituminous Mixtures and Pavements, Thessaloniki, Greece, 2002, pp. 315.Brown & Brunton: (1984) “The Influence of Bonding Between Bituminous Layers,” The Journal of the Institution of Highways and Transportation, Vol. 31 (5), pp. 361-380.Slippage cracks are typically localized in nature and relatively inexpensive to repair.  Project wide fatigue cracking due to poor pavement layer bonding (or insufficient thickness) can lead to catastrophic loss of pavement. Our review of historical research yielded the estimates shown above. The percentage of lost life referred to is in essence the reduction in pavement life.  Unfortunately, for heavily loaded (trafficked) pavements, fatigued pavements are failed pavements that will require very extensive rehabilitation or reconstruction – a 2” overlay or mill and fill may not last if the lower lifts have yielded, do not retain their original strength, or that have also experience bonding failure.  So one may ask, does this actually occur in the field.
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Courtesy of MoDOT 

Presenter
Presentation Notes
This and the next slide show pictures from a presentation given to the NCAUPG February 2014 meeting by Jason Blomberg, MoDOT.  The entire presentation was on why MoDOT was revising their tack coat spec.  Pavement showing fatigue relatively early in its life.  Other distresses are seen, but it is the fatigue that has our and their attention as it was determined to relate to poor bonding.



Bonding  
Failures 

45 Courtesy of MoDOT 

Presenter
Presentation Notes
These are cores from the previously shown pavement.  



Cost of Tack Coat 
 New or Reconstruction 
◦ About 0.1-0.2% of Project Total 
◦ About 1.0-1.5% of Pavement Total Cost 

 
 Mill and Overlay 
◦ About 1.0-2.0% of Project Total 
◦ About 1.0-2.5% of Pavement Total Cost 
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Presenter
Presentation Notes
Information as calculated from recent (2013) bid tabs from various states.  Intended to emphasize that tack coats are a relatively small part of a project’s overall cost whether it is full-depth construction or a mill and overlay.So is it worth it to apply a tack – let’s take a look at real world bid tab costs evaluated by AI Engineer Dave Johnson, depending on the type of project, it will vary. On a major reconstruction or new project many items other than pavement items will be included in the project costs.  When looked at from the total project cost – tack is insignificant in cost.  It is a larger portion of the pavement cost, but barely a blip on the screen of the overall project bill.On strictly overlay or mill and fill type projects where pavement makes up the majority of the project cost, the cost of Tack is higher, in the 1-2% range.   



 Assume no inflation for materials 
 Estimated traffic control 
 Used project plans for thicknesses 
 Used bid tabs for: 
◦ Milling 
◦ Material costs 
◦ Replaced pavement markings 

 
 
 

30-100% of Original 
Pavement Costs 
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Presenter
Presentation Notes
However, the cost to come back and have to remove and replace lifts due to a bond failure are VERY significant.This wide range stems primarily from the pavements distress encountered from the lack of bonding.  It the distress is localized slippage cracking, spot mill and fill patches may be all that is necessary to return the pavement to a condition that will enable it to achieve its expected lifespan.  Extensive project wide fatigue cracking is another story – the early onset of fatigue cracking may require total reconstruction of the pavement.  These types of failures, assuming an adequately designed thickness, may last for a few years (5 -15) but the early onset of fatigue cracking will require much more extensive and frequent repair in order for the pavement to reach its expected life.  Pavements that suffer extensive fatigue cracking have lost their structural load carrying capacity. “Normal” rehabilitation activities such as a mill and fill will not be effective treatments like they are on well bonded pavement sections.  
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 Working in short construction windows 
 Cold weather 
 Night time paving 
 Residential areas 
 Proper surface cleaning 
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Presenter
Presentation Notes
What are the other obstacles are there to getting a good tack and ultimately a good bond and performance??  Working in short construction windows, cold weather, night time paving, in residential areas. Are their solutions to these obstacles?



 Contractor 
◦ Application Rate 
◦ Consistency of Application 
◦ Tack Coat Pickup or Tracking By Vehicles 
◦ Traction for Construction Equipment 
◦ Breaking/Setting Time 

 Agency 
◦ Acceptance  
◦ Dilution? 
◦ Application Measurement 
◦ Bond Quality 
◦ Tort Claims 
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Presenter
Presentation Notes
Ask participants about challenges.So what's the problem – why do some resist adequate tack application? Well to be frank, it is a pain in the butt.  From  the contractor’s perspective, I have to store it, I have to have an expensive piece of equipment and someone who can spray it, which is expensive because there is a lot of down time for the distributor. I may have to dilute it. I have to wait for it to cure, which on some cool damp days can be hours.  The traffic drives in it, it gets all over my trucks.  Just not a pleasant aspect of the job.For the pavement owner, If I spec it I should inspect it. Which means manpower expended for a low cost item. I have to specify a rate and material. I have monitor the application rate which may vary from the plans which were estimated a few years ago.  Is there enough on the surface, did it get tracked off the job, does it have to be retacked, who is going to pay for it, will I get sued for delays if I make the contractor re-tack? Travelers (the mayor) may drive in it and sue everybody. Not to mention that I may have to sample it and test it.Hopefully we can dispel many of those concerns and give you the tools to make these concerns less of a problem for you.

http://www.google.com/url?url=http://www.fm-base.co.uk/forum/football-manager-2014-challenge-mode-scenarios/167364-ultimate-football-manager-challenge.html&rct=j&frm=1&q=&esrc=s&sa=U&ei=Mvd1VJ2uKozIsQSpo4H4Dw&ved=0CCQQ9QEwBw&sig2=nzkr_jxrI6QmDhPXcz--qg&usg=AFQjCNFSWOF4U9hOb7qCiVwTcjvyFDj4sQ


Proper storing and handling these materials can help ensure      
        proper application and better bonding. 

Presenter
Presentation Notes
Note the spray bar distribution. No streaking or speckling. Even application all the way across spray bar allows for better bonding. 



I. 
• Importance of Tack Coats 

II. 
•Tack Coat Materials Selection & Handling 

III. 
•Tack Coat Specifications & Manuals 
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•Quality & Inspection 
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•Testing & Best Practices 

VI. 
•Review & Summary 
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 Emulsified Asphalts 
◦ Most common options 
 SS-1, SS-1H 
 CSS-1, CSS-1H 
 RS-1, RS-1H, RS-2 
 CRS-1, CRS-2 
 HFMS-2 
 PMAE  
 Reduced Tracking 
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Presenter
Presentation Notes
We do not include cutbacks as there is practically zero usage of these as tack coast in the United States today.  Polymer Modified Asphalt Emulsions (PMAE) covers a wide and growing variety of products which are becoming increasingly accepted.Lets start off by looking at the materials available for tack coating.  Many different materials are shown above but they are all nothing more than paving grade asphalt binder using different mechanisms for delivery.  Some agencies elect to use straight PG Binder type grades (Georgia only uses PGs) that can be modified or neat binders.  Many do not because it is difficult to shoot thick material at the low rates required and it must be shot and stored at elevated temperatures.  Therefore many elect to use some type of emulsion.  Emulsions have lower heating requirements but also need time to Break and Cure to minimize tracking on the roadway.   Slow setting emulsions are typically easier to store and are the most popular emulsions in warm dry climates. Rapid set emulsions are a little more touchy on storage time and conditions but break more rapidly on the road and are often favored in cooler or wetter climates.  Emulsions can also be fortified with modifiers to help facilitate the “tacky factor” and increase bonding capabilities.  



 PG Graded Binders 
◦ Most common Neat Binders 
 PG 58-28 
 PG 64-22 
 PG 67-22 
◦ Polymer Modified 

 Cutback Asphalt (minimal use) 
◦ Rapid Cure Cutbacks 
◦ Produce Lower Bond Strengths 
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 Materials that have been brought to market in 
recent years. 
 

 These are primarily reduced tracking 
emulsion formulations or additives. 
 

 Currently known reduced tracking options 
found in your handouts. 
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22 States Known to Allow 
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 State approved products lists 
◦ Online at most DOT websites 
◦ Asphalt Institute State Emulsion Data Base 
 http://www.asphaltinstitute.org/public/engineering/st

ate_binder_specs/emusion-spec-database.dot  
 Material availability 
 Local experience 
 Dynamic area 
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Presenter
Presentation Notes
Material selection is typically made by what is available and what is approved.  Most states maintain an approved products list which are typically found on their websites. Another option is our State Emulsion Data Base which is found at the address shown.This is a very dynamic area as suppliers are rapidly developing and deploying new tack coat technologies.
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Presenter
Presentation Notes
This is the first of our reporting of some of 712’s survey results.  The first table helps to reinforce that emulsions are the principle material that is used for tack coats.  Weighting developed by multiplying percent of respondents using a material by the number of responses.The second table shows the number of agencies that reported using the shown materials. It helps show that by far the most common tack coat emulsions are the four slow set varieties shown (37-41 agencies each).  The tallest column is the summation of 25 other emulsions (94 agencies).  Thus, a CRS-2 may have had 10 agencies reporting its use, RS-1 may have had 8, etc. to reach the total of 94 agencies for the 25 products.  Another way of looking at this is to point out that for the four primary materials, 158 agencies reported there use versus 94 for the other 25 emulsions.There may be a shift on this information as the non-tracking options have gained greater acceptance since this survey was conducted.



 Do NOT mix anionic and cationic emulsions. 
 Vertical tanks preferred—skin formation. 
 Protect from freezing. 
 Avoid overheating—typically <180°F. 
 Minimal low-shear pumping. 

Consult with the Supplier for any 
unique handling needs for their 

product(s)! 

59 

Presenter
Presentation Notes
Asphalt emulsions are solutions made up of asphalt binder, water and emulsifying additives.  Attention to proper storage and handling of these engineered products is required in order to assure the material is usable in the field.  The prevention of coagulation or separation of the material is necessary in order to assure that it is in a condition to be applied to the roadway.  The next few slides provide helpful hints on maintaining quality products in storage.  It is always advisable to contact the material supplier for further information regarding proper handling and storage of standard emulsions or other proprietary products.  



 Dilution 
◦ Verify if it is allowed. 
◦ If allowed, where? 
 Supplier only? 
 Contractor? 
◦ Control amount of water added.  
 1:1 most common (Original Emulsion: Added 

Water) 
◦ Use acceptable/approved water. 
◦ Terminal added or field diluted. 
◦ Always add water to emulsion. 
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Presenter
Presentation Notes
Dilution: It is important to know how much water has been added so that the appropriate residual asphalt volume is applied.  Typically a 1:1 ratio of original emulsion and added water is used to help facilitate this calculation with traditional, slow-set emulsions.  Some states require that the added water be incorporated by the supplier at their facility.  Moreover, it is very important that the appropriateness of the water be verified by the supplier. 



 Proper personal protective equipment. 
 Proper protection of hot elements. 
 Ensure a water-free distributor. 
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Presenter
Presentation Notes
The use of paving grade binders presents additional safety concerns as the product usually has significantly higher temperatures than emulsions.  The typical temperatures for emulsion applications range in the 100 – 180 degree F range where paving grade binders are typically sprayed at temperatures over 250 degrees. These high temperatures can pose significant risk to personnel who accidentally come in contact with them.  
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Presenter
Presentation Notes
The Asphalt Institute offers guidance on how to treat burns.  Our HS&E Committee has researched, through burn centers, the proper way to provide first aid and hospital treatment for hot asphalt burns.  In a nutshellCool the Area as soon as possible with water.Do not try to remove asphalt from the skin.Leave the area uncoveredSeek medical attention Jobsite safety posters and wallet cards are available on our website for the cost of production. 



 Tank—long-term storage 
 Tanker—short-term storage 
 Distributor Truck—short-term storage 
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Presenter
Presentation Notes
Lets take a quick look at some of the storage options available at the jobsite.



 Long-term storage. 
 Vertical generally preferred. 
 Heated. 
◦ Store toward lowest pump-able temperature 

 Agitation. 
◦ Low-shear  
◦ Minimize frequency 

 Hoses. 
◦ Keep clean 

64 



 Short-term storage. 
 Generally not heated. 
 Generally can not agitate. 
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Presenter
Presentation Notes
Tanker storage is typically kept to a minimum as demurrage costs can be quite high for tankers.  



 Short-term storage  
 Heated 
 Pump circulation 
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Presenter
Presentation Notes
Heating and cooling and reheating cycles tend to degrade emulsions and so caution is urged.



15 Minute Break 
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Presenter
Presentation Notes
The most important purpose is to promote layer bonding.  The presenter, NEEDS to emphasize that this is the key reason for tack coats.



Presenter
Presentation Notes
Basic knowledge of Materials:Briefly explain the make up of each one of the types of materials.  All asphalt products are derived from crude oil and transportation to the refinery were it processed into different products:  1) Light ends or petroleum products 2) What’s left is asphalt cement.Tack Coats come in three types PG Graded, Cutbacks, and most common emulsions. 



ASPHALT CEMENT 
AC 

Multiple Grades 

300° – 350°F 

Presenter
Presentation Notes
350-400 is the typical application range for AC as a tack coat.AC is the base product for tack oils.Most common type of PG Binders grade is a PG 64-22States like Georgia, Texas, and New Mexico are most familiar in using this type. 



CUT BACKS 

SC,   MC,   RC 

70° – 210°F 

AC Petroleum 
distillates 

Presenter
Presentation Notes
A rapid curing cutback uses naphtha or gasoline type solvent (highly volatile). A medium curing cutback uses kerosene type solvent (less volatile). 3 back types of cutbacks.  Time it takes for the solvent to evaporate or curing time (SC, MC, RC).A cutback asphalt is simply a combination of asphalt cement and petroleum solvent. Like emulsions, cutbacks are used because they reduce asphalt viscosity for lower temperature uses (tack coats, fog seals, slurry seals, stabilization material). Similar to emulsified asphalts, after a cutback asphalt is applied the petroleum solvent evaporates leaving behind asphalt cement residue on the surface to which it was applied. A cutback asphalt is said to “cure” as the petroleum solvent evaporates away. The use of cutback asphalts is decreasing because of (Roberts et al., 1996[1]):Environmental regulations. Cutback asphalts contain volatile chemicals that evaporate into the atmosphere. Emulsified asphalts evaporate water into the atmosphere.Loss of high energy products. The petroleum solvents used require higher amounts of energy to manufacture and are expensive compared to the water and emulsifying agents used in emulsified asphalts.In many places, cutback asphalt use is restricted to patching materials for use in cold weather.



EMULSIONS 

ANIONIC     CATIONIC 

Mill 
130° – 160°F 

AC Water      
Soap 

Presenter
Presentation Notes
Many variations of emulsion products.Emulsions are the preferred tack coat material. To achieve the low application rates required emulsions are ideal as they can be diluted.�Emulsions are specified in AASHTO and ASTM into two basic types Anionic and Cationic. Asphalt Binder (55-70%)Water (29-44%)Emulsifying AgentProportions vary due to asphalt source, grade and emulsion production process.



Negatively- Charged Emulsions are 
classified into 3 main types 

RS (Rapid Setting) 

MS (Medium Setting) 

SS (Slow Setting) 

Presenter
Presentation Notes
Some basic information on anionic emulsions. 



CRS (Rapid Setting) 

CMS (Medium Setting) 

CSS (Slow Setting) 

Positively- Charged Emulsions are also 
classified into 3 main types 

Presenter
Presentation Notes
Emulsions are further separated into different grades depending on various factors including viscosity, base asphalt type, and amount of residual asphalt .  



Emulsions are asphalt droplets suspended in water  
• Breaking 
• Contact with surface changes pH; reducing charge 

• Setting 
• Evaporation leads to coalescence 
• Original asphalt characteristics return 

 

Emulsion Breaking & Setting  

Presenter
Presentation Notes
This slide illustrates the breaking and setting (curing) process of an emulsion used for tack coat applications.   Emulsions consist of very small asphalt droplets suspended in water.  Each of the droplets has either a negative or positive charge that holds them apart and in solution.   When the emulsified asphalt is sprayed on the underlying layer, the contact with the surface changes the pH, which dramatically reduces the charge.  This allows the emulsion to break (color change from brown to black).   The setting process then takes place through evaporation of the water.   As the water evaporates, we want the emulsion to coalesce- once it has contacted the roadway surface.The setting process is complicated but basically the droplets get closer together on the surface and that will tend to encourage coalescence. Coalescence is the process by which two drops merge to form a larger drop. 



QS = Quick Set   HF = High Float 
1 = Binder residue = 60% Min. (Low Viscosity 
Emulsion) 
2 = Binder Residue = 65% Min. (High Viscosity 
Emulsion) 
H = Hard Pen Asphalt Base 
S = Soft Pen Asphalt Base or sometimes Solvent 
L and/or P = Latex and/or Polymer 
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 Anionic Emulsion Specifications 
◦ AASHTO  M 140-08 
◦ ASTM  D 977-05 
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Presenter
Presentation Notes
Our old standby emulsions are specified in AASHTO and ASTM into two basic types Anionic and Cationic. You can also subdivide each type into two sub-types soft and hard residual binder.  All of the grades have a residual pen of 100 – 200 or more, except those designated with an “h”. These are formulated with residual binders that must be between 40 -90 pen. A much harder (stiffer) grade of residual binder.  The harder base binders track much less and reach a cured state faster than the softer grades.  This characteristic is evidenced by the specifications contained in many of the new proprietary non-tracking materials that have very stiff base binders.  



 Cationic Emulsion Specifications 
◦ AASHTO M 208-01 
◦ ASTM   D 2397-02 
 

Pen 100-250 Pen 40-90 
CRS-1 CMS-1h 
CRS-2 CSS-1h 
CMS-2 CQS-1h 
CSS-1 
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Rapid Cure Characteristics Grades 
Rapid Curing Liquid Asphalt Specs RC-70 RC-250 RC-800 RC- 3000 

Residue after Distillation 55 + 65 + 75 + 80 + 

Penetration, 77°F, 100 g, 5s 80 - 120 80 - 120 80 - 120 80 - 120 

Medium Cure Characteristics Grades 

Medium Curing Liquid Asphalt Specs MC-70 MC-250 MC-800 MC- 3000 

Residue after Distillation 55 + 67 + 75 + 80 + 

Penetration, 77°F, 100 g, 5s 120-250 120-250 120-250 120-250 
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AASHTO M 81 & 82 
ASTM D 2027 
 



81 81 

Presenter
Presentation Notes




 The type and grade of asphalt material shall 
be in accordance with the following: 
• Asphalt Emulsion, AE-T, AE-PMT, SS-1h, 

AE-NT…902.01(b) 
• PG Asphalt Binder, PG 64-22…902.01(a) 
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 The distributor shall be equipped, 
maintained, and operated to provide 
uniform heating and application rates as 
specified. The distributor shall have a 
volume measuring device and a 
thermometer to monitor the asphalt 
material. 

 Distributors shall also be equipped with a 
power unit for the pump and with a full 
circulation spray bar with vertical controls. 
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 The existing surface to be treated shall be 
free of foreign materials deemed 
detrimental by the Engineer. 
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 The asphalt material shall be uniformly 
applied at the rate of from 0.05 to 0.10 
gal/sq yd, or as otherwise specified or 
directed. 

 Tack coat shall not be applied to a wet 
surface. 

 The rate of application, temperature, and 
areas to be treated shall be approved prior 
to application. 

 Excessive tack coat shall be corrected to 
obtain an even distribution. 
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Asphalt for tack coat will be measured by 
the ton or by the square yard. 
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 The accepted quantities of tack coat will be 
paid for at the contract unit price per ton, 
or per square yard for asphalt for tack coat, 
complete in place. 

87 



88 



89 



90 



 State specifications tend to mirror 
manufacturer’s specifications. 

 States generally have an approval 
process for new products. 

 Need to be on Approved Products List. 
 Example Virginia: 
◦ Six approved products 
◦ Each product’s specifications from supplier 
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Presenter
Presentation Notes
For those states that are specifying/allowing the non-tracking type emulsions, they generally seem to put the products through some approval process and then have specifications that essentially come from the manufacturer/supplier. 



 Asphalt Institute 
◦ MS-4 The Asphalt Manual, 7th Edition (2007) 
◦ MS-16 Asphalt Pavement Preservation and 

Maintenance, 4th Edition (2009) 
◦ MS-19 Basic Asphalt Emulsion Manual, 4th Edition 

(2008) 
◦ MS-22 Construction of Hot Mix Asphalt 

Pavements, 2nd Edition  
 Comments 
◦ AI has a long history of promoting the proper use 

of tack coats. 
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Presenter
Presentation Notes
There are many different sources of information regarding tack application in circulation. I will take this opportunity to shamefully plug our own manuals as shown above.  Even though we think they are the best sources of information, there are many others.



 QIP-128,Tack Coat Best Practices, NAPA  (2013) 
 Hot-Mix Asphalt Paving, US Army Corp of Engineers 

(2000) 
 Airfield Asphalt Pavement Construction Best Practice 

Manual, NCAT (2008) 
 Tack Coat Guidelines, Caltrans (2009) 
 Tack Coats: How and what to apply!  Colorado Asphalt 

Pavement Association (CAPA) (2011) 
 Guide for Using Prime and Tack Coats, CFLHD (2005) 
 Best Practices for Applying Undiluted Emulsified Asphalt 

Tack Coats, CAPA (2013) 
 Tack Coat Best Practices Field Guide 2012, NCDOT 

(2012) 
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Presenter
Presentation Notes
NAPA, C.O.E. NCAT along with many other organizations and government agencies offer excellent publications concerning the proper application of tack coats to obtain fully bonded pavements.  We have listed a few on this slide.  All of the publications agree on the importance of an adequate bonding agent and how to obtain.  Opinions may vary on lessor issues such as what is the proper dilution rate or what is the best material, but they would all make excellent reading if you are looking to investigate this more in depth.



 NCHRP 9-40a 
 SHRP2 
 Arkansas 
 Colorado 
 Illinois 
 Louisiana  

 

 NCAT 
 Texas 
 Wisconsin 
 Oregon 
 MnRoads 
 International 
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Presenter
Presentation Notes
Bonded layers in flexible pavement is currently a very hot industry topic across the country.  Many organizations are researching the best way to optimize layer bonding. Many of them local in nature and how the process fits into their current Quality Management / Inspection systems. Separate or absorbed bid items, QC vs Acceptance monitoring, sampling / testing frequencies, Approved Product list testing to name a few.



 Looked at 
numerous test 
methods (shear, 
tension, torsion) 

 Many tack materials 
 Four application 

rates (gsy residual)  
◦ 0.00 
◦ 0.031 
◦ 0.062 
◦ 0.155 

 International survey 
 

 Variety of surfaces 
both AC and PCC 
◦ New 
◦ Old 
◦ Milled 
◦ Un-milled 
◦ Dry 
◦ Wet 
◦ Clean 
◦ Dirty 

 Eight test temps. 
◦ -10—60°C 
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Presenter
Presentation Notes
One of the most thorough studies in recent history was conducted by the National Cooperative Highway Research Program as Project 9-40 and published as NCHRP Report 712.  Researchers studied many different combinations of tack type, rates of application and surface condition as shown above.  Laboratory bond testing was also conducted in order to determine the level of bond strength. Summary of factors investigated are shown above.Researchers tested emulsions, PG binders, and cutback asphalts.Researches tested at 8 temperatures in 10°C increments (-10 – 60)Currently preforming 9-40a, a follow-up field study to 9-40.NOTE:  As the presenter, emphasize the completeness of the project. 



 Recommends Shear Testing  
 Stiffer based asphalts performed better 
 0.155 gal/yd2 (application rate) best results 

for all materials 
 Current common rates may be too light 
 Milled surfaces performed better 
 Very good training appendix 
 Application rate recommendations for 

different surfaces 
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Presenter
Presentation Notes
The days of selection of tack coats based on experience, convenience, and empirical judgment should be over!



Uniformity of the Tack Coat Application 
Non-uniform Application  Proper Application 

Presenter
Presentation Notes
Non-uniform applications do not provide the best bonding.



 Slow set tack coat – 67% asphalt + 33% water 
 Generally, use this ratio to estimate residual 

asphalt. 
 Residual asphalt is critical: It is the amount of 

actual asphalt that remains on the pavement 
after water and solvents have evaporated 



 Based on a ratio of 2/3 asphalt and 1/3 
water, the required application amount 
of asphalt binder in an asphalt 
emulsion will be 1.5 times greater than 
the residual amount. 

 Application Rate = 1.5 x Desire 
Residual Asphalt 



 Based on a ratio of 1 part asphalt emulsion 
and 1 part additional water, a diluted 
asphalt emulsion will have a residual binder 
content of only 1/3 of the weight of the 
emulsion 

 So, you must apply three times (3x) more 
diluted emulsion than the desired residual 
tack coat rate 
 





Presenter
Presentation Notes
The very broad range is for ALL typical materials that may go through a distributor truck, not just tack coats!







 Dilution rates are critical in determining final 
residual application rates. 

 Temperature is important in determining 
accurate volumetric calculated rates. 
◦ Higher than 60°F, need to spray more emulsion. 
◦ Lower than 60°F, need to spray less emulsion. 

 Uniform application spreads in distributing 
tack on the surface of the road. 

 Samples of emulsion from the spray bar are 
only good for estimating dilution rates and 
residual binder properties. 
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Presenter
Presentation Notes
These slide rule type shot calculators have been around for many years and are typically provided by the Distributor manufacturers. They may contain information regarding  Truck Speed in fpm Spray Bar width Spray Bar pressureSpread RatePump OutputNozzle sizeLoad size in gallonsEntering in the proper information, they will tell you things like Length of shot available in tank, or gallons required for a specified length, etc.  Be aware that these slide rule calculators may be specific to the manufacturer.  It is best to verify (calculate) the rate being applied to assure the proper amount of bonding agent is applied.





Workshop Exercises 

112 
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Presenter
Presentation Notes
15 of the respondents to the NCHRP survey indicated that they do not allow for dilution of the emulsion.  This was a minority.  Where dilution of the emulsion can occur does vary with some of the states allowing for different location.  Moreover, 45 of the respondents indicated that they allow for dilution in the distributor truck which is the worst location for dilution as the degree of dilution can quickly be lost if the truck is not completely emptied between the additions of emulsion and/or water.  These numbers have changed some since this survey was published, but we don’t have exact numbers to reflect those changes.



 Asphalt and water expands and contracts 
when temperatures deviate from 60°F.  

 As temperatures rise above 60°F expansion 
occurs and the resulting density (#/gal.) 
decreases. 

 As temperatures cool below 60°F contraction 
occurs and the density increases. 

 A Temperature–Volume correction table for 
asphalt emulsion is available in MS-19, page 
91. 

114 

Presenter
Presentation Notes
We need to provide a copy of the temperature volume corrections in the folder.  It would be great if we could hand out MS-6’s.





 There are three primary methods of 
determining field application rates. 
◦ Determination by volume. 
◦ Determination by weight or mass. 
◦ Determination by direct measurement, 

ASTM D2995 
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Presenter
Presentation Notes
Other methods included meter on the distributer and visual.



 The rate of material applied is calculated by 
determining the volume of material 
distributed. Either by: 
◦ By observation and recordation of an onboard 

volume meter or gauge. 
◦ Or, Using a tank stick method where the depth of 

material is measured in the tank and the volume is 
calculated or by the use of a pre-calibrated stick.  
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 Measure Asphalt Volume in Truck 
 Record Asphalt Temperature 
 Spray Tack Coat Over a Known Area 
 Measure Asphalt Volume in Truck 
 Correct Volume for Temperature 
Variation from 60°F 
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Presenter
Presentation Notes
Before checking your volume by sticking the tank , make sure Distributor is level



Note:  9 to convert from square feet to square yards. 
 Use as required. 
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(feet) (feet) 

Presenter
Presentation Notes
NOTE: if the length and width were measured in yards, then the 9 conversion is not used.



 When using a tank volume method for 
determining the quantity of material 
distributed, the temperature must be 
determined and the volume of material 
corrected to 60°F.  
 

 Lets work an  
Example Problem 
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 For the following examples we will assume we 
are using SS-1h or CSS-1h which have a 
minimum AASHTO (M140 and M 208 resp.) 
specified minimum residual asphalt content 
of 57%.  

 Specifying a 60°F undiluted emulsion rate, will 
yield the following in-place residual asphalt 
content in gallons per square yard (gsy). 
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 Volume at start of Application   1875 gal. 
 Volume at end of run   1250 gal. 
 Temperature of material   160°F 
 Temperature Correction Factor 0.97500 
 Beginning Station    35+00 
 Ending Station    56+00 
 Distributor width     14 Ft. 
 SS-1h Emulsion is diluted 1:1 
 
   Calculate the residual application rate 
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 Distance travelled: 5600ft. – 3500ft. = 2100ft. 

 
 Area sprayed:   (2100ft. x 14ft.)/9sq.ft./sq.yd.   = 3267sq.yd. 

 
 Hot Gallons sprayed:  1875 gal-1250 gal = 625 gal. @ 160°F 

 
 Temp. Correction factor from Chart:  0.97500 

 
 60°F gallons:   625 gal x 0.9750 = 609 gal. @ 60°F 
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Presenter
Presentation Notes
Step 1: Determine the distance traveled.  Comes from the stationing—35+00 = 3500 ft. and 56+00 = 5600 ft.Thus: subtract beginning station from the ending station to get distance.	5600 -  3500 = 2100 ft.Step 2: Calculate the area sprayed = distance traveled X width sprayed and convert from sq. ft. to sq. yd.	(2100 X 14)/9 = 3267 sq. yd.Step 3: Calculate the gallons of diluted emulsion applied = beginning volume – ending volume.	1875 – 1250 = 625 gal @ 160°FStep 4: Correct for temperature back to 60°F by applying correction factor.  (0.97500 from MS-19 chart.)	625 X 0.97500 = 609 gal @ 60°F



 609 diluted gallons!  
 

 Diluted 1:1 the actual emulsion is: 
 609 gal / 2 = 304.5 undiluted gallons. 

 
 Final rate: 304.5 gal/ 3267 sq. yd. = 0.0938 gsy 

 
 SS-1h Residual rate: 0.0938 gsy x 0.57 = 0.053 gsy 
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Presenter
Presentation Notes
Step 5: Account for dilution.  In this example dilution was 1:1 of original emulsion : additional water.  Need to divide by 2 as there are thus two parts to what was applied.	609 / 2 = 304.5 gal. undiluted or original emulsion.Step 6: Calculate original emulsion application rate which is the gallons of original emulsion applied divided by the area of application.	304.5 / 3267 = 0.093 gsyStep 7: Calculate residual asphalt by accounting for the water in the original emulsion (57%).	0.093 X 0.57 = 0.053 gsyNOTE: steps 7 & 8 commonly have their order switched.



 Pros: 
• Quick 
• Simple 
• Accuracy improves 

with larger areas 
 

 Cons: 
◦ Volume requires 
 Dip Stick, or 
 Volumeter 
◦ Dilution rate vital 
◦ Temperature 

correction required 
◦ Inaccurate on small 

areas 
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 Calculating an application rate by weight is 
the most accurate method. 

 Bill of lading from the supplier should contain 
a 60°F wt. per gallon. 

 Weight measurements are not affected by 
temperature.  

 However constant weighing after each shot 
can be complicated. 

 Recommend using this method for full load 
applications, calibration, etc. 
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 Plans specify CSS-1h (57% residue) 
 Tare Weight of empty distributor  = 26,000 lbs. 
 Loaded weight of distributor (1:1) = 54,000 lbs. 
 Bill of lading shows a 60°F density of 8.350 #/gal 
 Application width         = 15 feet 
 Application length         = 3 miles 
 
Calculate the residual application rate in lbs/yd2 
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 Step 1: Determine pounds of diluted emulsion applied. 
Beginning weight – ending weight 

 
 54,000# – 26,000# = 28,000# 

 
 Step 2: Account for dilution if present. For our problem, 1:1 

dilution of Original Emulsion and Water 
 
 ∴ 28,000#/2 = 14,000# CSS-1h 

 
 Step 3: Calculate residual asphalt weight. 57% residue in 

Original Emulsion 
  
 14,000# X 0.57 = 7,980# 
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Presenter
Presentation Notes
Steps 1:  Determine the mass of the load = loaded weight – tare weight of distributor.	54,000 – 26,000 = 28,000 lbs.Step 2:  Account for dilution.  As this emulsion was diluted 1:1, divide by 2.	28,000 / 2 = 14,000 lbs.Step 3:  Determine the gallons of emulsion by utilizing the 60°F information on the Bill of Lading. (8.350 lbs./gal.)	14,000 / 8.350 = 1677 gal.Step 4:  Determine the residual binder content.	1677 X 0.57 = 956 gal.



 Step 4: Calculate application area. Length X Width 
 
 (3 mi. X 5,280 ft./mi.) X 15 ft. = 237,600 ft.2 

 
 Step 5: Convert to square yards. 
 
 237,600 ft.2 ÷ 9 ft.2/yd.2 = 26,400 yd.2 

 
 Step 6: Calculate Residual Asphalt application rate. 

 Mass Applied ÷ Area Applied 
 
 7,980# ÷ 26,400 yd.2 = 0.30 lbs./yd.2 
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Presenter
Presentation Notes
Step 5:  Determine the area that can be covered by dividing the residual asphalt content of the load by the desired residual application rate.	956 / 0.04 = 23,900 yds.Step 6:  Determine coverage length.  Coverage area / coverage width (Be sure units are consistent.)	23,900 / 5 = 4780 yards	In feet = 4780 X 3 = 14,340 feet		In miles = 14340 / 5280 = 2.72 miles



 
NOTE: If one wanted to know the residual 
application in gal./yd.2 use 8.350 #/gal from 
the Bill of Lading. 

 
 0.30 #/yd.2 ÷ 8.350 #/gal =  
 
 0.036 gal./yd.2 
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 Pros: 
• Quick 
• Simple 
• Temperature 

correction not 
needed 

• Accuracy improves 
with larger areas 

 

 Cons: 
◦ Dilution rate vital 
◦ Inaccurate on small 

and irregular areas 
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v 0.3 OKLAHOMA DEPARTMENT OF TRANSPORTATION 

  Shot Record 
Lab Lab %Shot 50.0% 

 Project No. 876555 J.P. No. 123 %Residual 60.9% Binder Tpe Emulsion 

 Contractor Dietz Contract 90000 Specific Gravity 1.0091 Use Type Tack Coat 

P/S Name Ergon @ Ardmore  P/S code SS-1 (P/S m00324) Spec. Rate Gal/SY 0.150 Spec. Type Raw/Original 

  BEGINNING ENDING Ft. Ft.  SQUARE  GAL.  GAL.  GAL. OIL (F) TEMP. CORR. GAL. @ RESIDUAL  ACC. Diluted Raw Residual Lane or 

DATE STATION STATION  LENGTH  WIDTH   YARDS  START  STOP  SHOT TEMP CORR. GAL. 50%  GAL.  GAL. Gal/SY Gal/SY Gal/SY Comments 

3/12/2015 35+00.00 56+00.00 2100.00 14 3,266.67 1875 1250 625.00 160 0.97500 609.38 304.69 185.56 304.69 0.187 0.093 0.057     

                                        
2/22/2015 144+75.00 118+50.00 2625.00 12 3,500.00 1319 850 469.00 160 0.97500 457.28 228.64 139.24 228.64 0.131 0.065 0.040 Lt. 

2/22/2015 144+75.00 118+50.00 2625.00 12 3,500.00 1319 778 541.00 160 0.97500 527.48 263.74 160.62 492.38 0.151 0.075 0.046 Rt. 

3/9/2015 12+25.00 10+60.00 165.00 14.33 262.72 1350 1320 30.00 160 0.97500 29.25 14.63 8.91 507.01 0.111 0.056 0.034 CL 

3/9/2015 10+60.00 60+67.00 5007.00 8 4,450.67 1500 900 600.00 160 0.97500 585.00 292.50 178.13 799.51 0.131 0.066 0.040 Lt. Shldr. 
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Standard Practice for 
Estimating Application 
Rate of Bituminous 
Distributors 
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Presenter
Presentation Notes
This method has two options which we will discuss.  This is primarily used as a research tool.



 Field Measurement of Application Rate 
◦ Longitudinally 
◦ Transversely 
◦ Units of Gallons/Yard2 (Liters/Meter2) 
 

Photo courtesy of  
Dr. Louay Mohammad 
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 Method A—Weighing Pads 
◦ Pre-weigh pads 
◦ Secure pads to surface 
◦ Apply tack coat 
◦ Reweigh pads 
◦ Calculate application rate 
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Presenter
Presentation Notes
Method A is recognized as being the more time consuming but more accurate option of the two.For the reweighing step, the technician needs to move quickly to minimize weight loss due to evaporation.
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Photo courtesy of  
Dr. Louay Mohammad 

Presenter
Presentation Notes
Measurement section ready to have tack coat applied.
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Photo courtesy of  
Dr. Louay Mohammad 

Presenter
Presentation Notes
Applying tack coat.



 Method B—Volume-
Based Calculations 
◦ Spray tack coat into 

containers for a set 
time period 

◦ Determine volume 
collected for each 
nozzle 

◦ Calculate transverse 
uniformity 

◦ Calculate longitudinal 
rate incorporating 
truck’s velocity 

Photo courtesy of TxDOT, Maintenance Division 
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Presenter
Presentation Notes
Method B is typically seen as the “quick and dirty” option.  Most useful for a worthy field check of application rate and transverse consistency.The above referenced sampling is only for determining output of the spray bar.  It is not uncommon to take samples from the spry bar for material testing purposes.  The only valid results that can be obtained from the spray bar is residual binder content and, if properly distilled, base binder properties.  Other emulsion properties such as emulsion viscosity or sieve tests would not be valid.



Photo courtesy of MoDOT 

Location Application Rate Residual Rate 
Left Wheel Path 0.075 0.051 
Center of Lane 0.047 0.032 
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Presenter
Presentation Notes
Examples of inconsistent application. The left photo clearly shows primarily inconsistent transverse application, but also longitudinally. The right picture has two application measuring pads. With the variability that is seen in the application, one wonders just how useful is the data from these pads?



 Pros: 
• Quick 
• Simple 
• Temperature 

correction not 
needed 

• Allows for 
randomized testing 

• Measures across the 
bar 

 

 Cons: 
◦ Dilution rate vital 
◦ More labor intensive 

than other options 
◦ Potential evaporation 

between application 
of emulsion and 
reweighing of pads 
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15 Minute Break 
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 Materials 
◦ Emulsion 
◦ Paving grade asphalt 

 Calibration of Distributor Truck 
 Field/Laboratory Bond Testing 
◦ Shear Testing 
◦ Torsion Testing 
◦ Pull-Off Testing (tension) 
◦ Cyclic 
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Presenter
Presentation Notes
Test emulsions and PG binders as is typical for a given state.Bond test discussed in the next few slides.A major point of consideration underway in some circles is – How do we monitor / specify interlayer bond strength? There are basically two modes to consider, a method spec or a performance spec.  Method Spec – The most customary manor in specifying and monitoring tack application is to specify a material and rate, followed up with on site inspection/monitoring of application rates, dilution rates and uniformity of application. We believe this is a reasonable manor to construct and inspect tack coat application assuming the proper rates and materials are specified.  Research has validated that stiffer binder applications tend to produce higher shear strengths in the lab.  Field Bond Testing – We will briefly look at four of the major bond tests being considered for use in evaluating bond strength as shown above.  Agencies may wish to consider usage of bond tests in selecting material types, special investigations or as some type of validation test for inclusion into approved products lists, but we do not think that these would need to be required for day to day acceptance testing.  
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 Viscosity, Saybolt Furol @ 77°F 
 Sieve Test, % 
 Storage Stability, 24 hrs, % 
 Unit Weight @ 77°F, lbs/gal 
 Residue by distillation to XX°F (Note: 

states commonly choose 300-400°F) 
 Pen @ 77°F on Residue, 0.1 mm 
 Ductility @ 77°F on Residue, cm 
 Solubility on Residue, % 



 Compare computer value to measured value. 
◦ Volume 
◦ Mass 
◦ ASTM D2995 
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Presenter
Presentation Notes
While there are a number of variations to this style of bond strength testing, the AASHTO example is a good example.



Louisiana Interlayer Shear Strength Tester (LISST) 
Testing 
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Loading rate 
2.54 mm (0.1 in.) per minute. 

Interface Shear Strength 
–ISS 
–% CV < 15% 

Courtesy of Dr. Louay Mohammad 
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WVDOT Video 



 Developed in Sweden 
 Commonly used in the United Kingdom 
 Known as the “Torque Bond Test” 
 Manual and automated versions 
 Is being used for product approval in US 
 Field or laboratory test 
 Various configurations 
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Presenter
Presentation Notes
Repeatability for this test is poor for the manual versions which seem to be the more common option.  The University of Illinois used this as part of their research.



 Most typically a field test 
 May be a modified ACI-503R 

or  
 Direct Tensile Bond Test: 

ASTM C-1583 
 Procedures identified in 

Texas, Kansas, and Virginia 
 AASHTO TP 115-15 
◦ Quality of Tack Coat Adhesion 

to the Surface of an Asphalt 
Pavement in the Field or 
Laboratory 
 

Kansas devise  
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Presenter
Presentation Notes
ACI-503R and ASTM C-1583 are field competency tension tests for in place concrete bridge decks and slabs.  AASHTO TP-91 – balloted at the 2014 SOM and it is moving through the process towards potentially becoming a standard test.
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Characterization of Tack Coat Quality -- AASHTO TP 115 
Louisiana Tack Coat Quality Tester -- LTCQT 

Force 

Tim
e 

TP 115` 

Courtesy of Dr. Louay Mohammad 

Pult 



 Repeated Load Test 
 Shear, Tension, and Torsion Options 
 Example: Composite Specimen 
Interface Cracking (CSIC) Test  
◦ Developed in Florida 
◦ Tension Test 
◦ Monotonic or Cyclic Procedures 
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Presenter
Presentation Notes
Some industry researchers contend that the rapid, “one motion”, destructive tests previously described are not representative of the stresses that occur on the roadway and are proposing cyclic type testing as described. 



 Cyclic Methodology 
◦ Prepare Specimens 
◦ One Second Cycles 
 Load to chosen peak load 
 Remove load 
 Rest 
 Repeat 
◦ Calculate Cycles to Failure 
◦ Calculate Crack Propagation Rate 
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 Shear Testing 
◦ Lab test 
◦ Quick  
◦ Repeatable 
◦ Most widely promoted 
◦ Uses common lab 

equipment 
◦ Cleanly ranks materials 

 Torsional Testing 
◦ Lab or field test 
◦ Quick 
◦ Poorer repeatability 

(manually ran) 
 
 

 Tension Testing 
◦ Lab or field test 
◦ Quick 
◦ Repeatable 
◦ Cleanly ranks materials 
◦ Used in Texas, Kansas, 

and Virginia 
 Cyclic Testing 
◦ Lab test 
◦ More time consuming 
◦ Repeatable 
◦ Cleanly ranks materials 
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Presenter
Presentation Notes
Here is our summary of the important highlights concerning the physical bond testing we have covered.



 Testing Method has a Huge Effect on Rankings 
◦ Shear/Torsion vs. Tension/Cyclic 
◦ Stiffer vs. Softer Materials 

 

Confused? 
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Presenter
Presentation Notes
When tack coat materials are ranked via shear or torsion testing, stiffer materials such as the less tracking emulsions tend to do well.  However, when these same materials are ranked via tension or cyclic testing, softer, and often polymer modified tack coats tend to do well.  Note that some of the stiffest materials, ie. TRACKLESS Tack, are polymer modified, so we have to be careful with our explanation.  Care needs to be exercised both in choosing a bond test, selecting its parameters, and running the test.



 Surfaces need to be clean and dry 
 Uniform application 
 Tack all surfaces 
◦ Horizontal 
◦ Vertical 

Presenter
Presentation Notes
This is a general summary of proper tack coat activities.  It is best that the surface is clean and dry – cleanliness is relative. A relatively light amount of dust after milling and sweeping is not going to be detrimental – but a roadway covered in autumn leaves is another story.  Likewise for moisture, Research from LTRC indicates that bond strength is not affected by application of an emulsion to a damp surface, but standing water is a no, no. Uniform application in rate and coverage is also necessary in order to develop a strong bond between pavement layers.Once applied the bonding agent needs to stay on the road.  Time to cure may need to be adjusted for weather conditions. A material type may need to be adjusted to accommodate short construction zones. Quick setting and curing type products or straight paving grade binder may be necessary in these areas.   Hopefully we have described the materials available in order for you to develop a menu of materials that can be used to accommodate the many different situations that may be encountered.  The bottom line is that there is no benefit to a tack coat fails to bond the layers.  Note: Nice milling job and tack spread, but tack is not as wide as the pull.



 Milling 
◦ Improves profile 
◦ Typically improves bonding characteristics 
◦ Increases cleaning effort 
◦ Adds cost 

 Surface Sweeping 
 Visually Verify Moisture Free 

 

163 



164 

Delamination on Milled Surface 



 Match application to 
conditions. 
◦ Materials 
◦ Residual rate 

 Verify application 
rate. 

 Resist tacking too far 
ahead of paver. 
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Presentation Notes
The ideal application rate is influenced by the selected tack coat material (stiffer vs. softer), the surface condition to which it is applied (new, milled, raveled existing, etc.), and the nature of the mixture being laid.  
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Presentation Notes
Ask the audience their thoughts about this tack job.Nice MillingUniform tack applicationBut, asphalt ribbon is about a foot wider than the tack application.
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Longitudinal Joint Tacked 

Dirty Surface 
No Tack 

Light Application 

Presenter
Presentation Notes
Another picture for the audience to critique this operation.Longitudinal joint is tacked which is good practice.  However, the entire lift is not.  Perhaps it too will be tacked before placement of the next lift.Additional cleaning of the milled surface appears to be needed as dirt has been tracked on to this surface.  While we don’t have the best perspective, it appears that the application rate is rather light.
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 Liquid temperature 
◦ Monitor and Match to material 

 Calibrate distributor truck 
◦ Spray bar height 
◦ Spray bar pressure  
◦ Nozzle angle  
◦ Nozzle selection 
◦ Thermometers 
◦ Volumeter 
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Presenter
Presentation Notes
Most favorable condition is triple coverage.  However, in some states distributor nozzles are turned off (every other, or perhaps 2 of 3) and double or even single coverage may be standard practice.



173 

Presenter
Presentation Notes
Triple overlap is the recommended application in most specifications and by the distributor truck manufacturers.  This is typically achieved at a height of one-foot.  Going to a double coverage arrangement may be wise under highly windy situations.  Single coverage should be avoided.Maintaining spray bar height it typically automated on modern trucks.  On older distributors, mechanically locking the truck’s suspension should be accomplished.The nozzles need to be angled to prevent nozzle-to-nozzle interference with good fanning of the tack binder.
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Presentation Notes
When the nozzles are less than 15° to horizontal, streams interact with their neighbors creating streaks of heavier and lighter application areas.When the nozzles are too steep, areas will be missed also creating streaks.Proper nozzle angle from 15-30° as recommended by the manufacturer assures proper overlap between nozzles without undue interference. 
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Presentation Notes
Need to match nozzle size to material being applied and the desired application rate.  Other factors that can affect nozzle selection include operating pressure, distributor truck operating speed, material being spread, material’s temperature, and desired volume.Consider that an SS-1h can have a Viscosity close to water at 20s. A CRS-2 can have a viscosity as high as 400s – nearly 20 times as thick as an SS-1h.  A distributor set up to do chip seals shooting CRS-2 at 0.35 gsy will have a hard time shooting 0.05 gsy of SS-1h. Nozzle sizes must be sized to the Material and the Rate.Note: the nozzles that come with a new distributor truck are not a one size fits all.



 Consult with distributor truck manufacturer 
to match the material to the nozzle. 

 ONE SIZE DOES NOT FIT ALL 
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Presenter
Presentation Notes
Recommendations from Mauldin which are identical to Roscoe.
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Presenter
Presentation Notes
Note the designated nozzle sizes for Chip Seal operations which is what new trucks come with.



Nozzles are clogged, but 
triple overlap covering  
the gap. 

Note: not a tack coat, but principle applies. 
178 

Presenter
Presentation Notes
Heavy emulsion application which appears relatively good at first glance.  Further inspection of application reveals that at least two of the nozzles are clogged, but the triple overlap is minimizing the loss of emulsion in those areas.



 Critical when changing from one product to 
another (see handout) 

 Significant safety hazard can occur 
 Product quality can be affected 
 Best Practice is to empty the tank and clean if 

necessary. 
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 Check truck setup. 
◦ Spray bar height 

(~12”) 
◦ Appropriate nozzles 
◦ Nozzle orientation 

(15-30°) 
◦ Check application 

rate gauge in truck 
◦ Check application 

temperature 
 Collect samples. 

 Know the desired 
application and 
residual rates. 

 Visually inspect 
application 

 Verify application.  
◦ Volume  
◦ Mass 
◦ ASTM D2995 
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Courtesy of WVDOT 

(See handout) 
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Generally Uniform 
Application 

Missed Line 
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Filling it in 



18
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Pictures courtesy of Road ScienceTM  185 

Presenter
Presentation Notes
The primary complaint from the field about tack coats is the issue of tack tracking and pickup via vehicles.
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Presentation Notes
Spray Pavers are touted as a solution to the tracking issue.



 Spray Paver-Single Pass Paving and 
Sealing 
◦ Hot mix asphalt overlay 
◦ Polymer modified emulsion tack 
◦ Placed with spray paver 
 Paver & Distributor 
◦ High Application Rates 
 0.08-0.20 gsy residual 

 Examples 
◦ BondTekk®—bonded overlay 
◦ Novachip®—thin bonded overlay 
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Presenter
Presentation Notes
Basic overview of spray pavers.



 Vögele: Spray Jet attachment 
 Roadtec: SP 200 Spray Paver 
 Limited Number of States Specifying  
 Developed in Europe 
 Specialty Product-Using a Standard 
Distributor 
◦ UltraFuse Bond Coat (not an emulsion) 
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Presenter
Presentation Notes
The only two options for commercial equipment are form Vogele and Roadtec.  UltraFuse is an Blacklidge Emulsions product that utilizes a standard distributor with the benefits of a spray paver.
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Courtesy of Roadtec 190 



191 Courtesy of Road ScienceTM  



 No tracking of the tack 
 Better bonding of overlays  
◦ Increased Overlay life 
◦ Reduce Rutting 
◦ Reduce Cracking 

 Improved joint compaction  
 Easier compaction 
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 Utah and Kansas 
 “Self-Priming Paver” 
◦ Hopper 
◦ Asphalt emulsion storage tank 
◦ System for measuring application volume 
◦ Spray bar 
◦ Heated, variable width screed 

 Material Transfer Vehicle Required  
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Presentation Notes
Could be called, “The RoadScience Specification”
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Presentation Notes
The tacking of all surfaces existing asphalt surfaces helps to assure proper bonding.  For this patch, the two joints as well as the entire bottom should have been tacked.
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Uniform Tack Application 



I. 
• Importance of Tack Coats 

II. 
•Tack Coat Materials Selection & Handling 

III. 
•Tack Coat Specifications & Manuals 

IV. 
•Quality & Inspection 

V. 
•Testing & Best Practices 

VI. 
•Review & Summary 
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Presenter
Presentation Notes
ADD NOTES



 “Do I still need to tack…” 
◦ Milled Surface 
◦ “Fresh” Pavement 
◦ Late season/cooler days 
 

 This workshop recommends tacking 
all surfaces 
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Presenter
Presentation Notes
Not all the experts agree on the answers to these questions.Namely, there is disagreement on the need to tack milled surfaces or between paving lifts during the same construction day.  The Asphalt Institute has long held to the belief that all surfaces should be tacked to some degree prior to paving. There are also a few on the other end of the spectrum that say the emulsion should be completely set (all water gone).  Some specifications approach this by having minimum delay times and/or maximum delay times between the spraying of the tack and the start of paving.There are those that believe it should not be used under cool conditions due to the emulsion taking longer to break, while others believe it still should be, and that any potential issues will be taken care of when the hot asphalt mixture is placed.  The PG binders do not have the curing issues of any of the emulsions for late season and cooler days.  



 “When can I pave on the emulsion?” 
◦ Has it Broke? 
◦ Does it need to be Set? 
◦ Fresh—spray pavers  
 

 We recommend paving begin after the 
emulsion has broke. 
NOTE: Spray pavers and their emulsions are an 
engineered system that are designed to perform 
without the emulsion breaking. 
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Unbroken Emulsion           After Breaking 



 What is the Optimal Application Rate? 
◦ Surface Type 
◦ Surface Condition 

 Workshop Recommended Ranges 

Surface Type Residual Rate  
(gsy) 

Appx. Bar Rate  
 Undiluted* (gsy) 

Appx. Bar Rate  
 Diluted 1:1* 

(gsy) 

New Asphalt 0.020 – 0.045 0.030 – 0.065 0.060 – 0.130 

Existing Asphalt 0.040 – 0.070 0.060 – 0.105 0.120 – 0.210 

Milled Surface 0.040 – 0.080 0.060 – 0.120 0.120 – 0.240 

Portland Cement 
Concrete 0.030 – 0.050 0.045 – 0.075 0.090 – 0.150 

*Assume emulsion is 33% water and 67% asphalt. 

Presenter
Presentation Notes
Field tack rates are often not changed to meet the conditions in the field – a plan quantity and rate are placed in the contract and used without modification in the field.  Virtually any 2 lift rehabilitation project should have two different rates applied in the field.  A higher dose on the lower lift – and a reduced rate on the top lift.  The ability for field personnel to designate the optimal rate is highly recommended.



 When to Re-Tack? 
◦ Tracking  
◦ Contamination 

If in doubt … 
Re-Tack 
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Presenter
Presentation Notes
This picture shows some areas of lighter tack application.  It would be wise for this crew to re-tack the light areas at the very least.



Rule No. 1 - Follow the Golden Rule   
(Contract Specifications) 

 
 Should tack be diluted? – Depends on Rate 
 Distributors tend to get more uniform coverage 

with a greater shot rate. (0.10 g/sq.yd. or more) 
 

 
 

New Asphalt 0.020 – 0.045  Resid 

If 0.02 Resid ≈ 0.03 emulsion then Dilute 1:3 = 0.12 Tot. Diluted Rate 

Milled Surface 0.040 – 0.080 

If 0.08 Resid ≈ 0.13 emulsion then No Dilution may be required 
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 Verify dilution amount 
 Dilution cannot be used 

to “stretch” tack 
 Residual value is key. 
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This Workshop 
recommends 
dilution by 
supplier only. 



 What Type of Bond Testing? 
◦ Shear 
◦ Torsion 
◦ Pull off  
◦ Cyclic  

 All have advantages and disadvantages 
 Further research and acceptance will likely 

lead to a generally preferred method. 
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Presenter
Presentation Notes
There is not agreement on the most appropriate type of lab or field test, nor is there agreement on testing parameters for tack coat bond.  Three families of tests are commonly utilized: simple shear, torsional shear, and tension, plus cyclic with any of the three.  All have their proponents who see their respective advantages.  Moreover, the conditions under which to run the respective tests are not consistent in terms of basic standards such as test temperature.  I do not believe that the research has yet reached its maturity for us to make a recommendation.



 Layer Bonding is Vital 
 Surface Preparation  
◦ Clean  
◦ Dry 

 Milling Improves Field Performance 
◦ Shear 
◦ Cleaning 
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Presenter
Presentation Notes
Milling most notably improves shear resistance of a pavement.  It does increase the cleaning requirement.



 Application Quality Vital 
◦ Proper Rate 
◦ Consistency 

 Distributor Truck  
◦ Setup 
◦ Calibration/Verification 
◦ Maintenance 

 Tacking of Longitudinal Joints 
◦ Bonding 
◦ Confinement  

 Excessive Tack is Bad 
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Presenter
Presentation Notes
Choose the appropriate rate for the surface that is being tacked. (is it milled, new, old, raveled, etc.)Be sure the distributor truck is properly setup with the appropriate nozzles and operating pressures. Verify that the actual application in terms of residual asphalt matches the desired rate.  Properly maintain the truck’s distribution system.Tack longitudinal joints to improve their quality.While excessive tack is recognized as bad as it can lead to slippage, what constitutes excessive is debated.  As spray pavers demonstrate with their high residual rates and good performance, the potential for a tack application to be excessive is relatively small.  Also, NCRHP 712 showed that even traditional tack coat materials can have significantly higher than typical applications and provide good bonding performance.



 Tack Coat Rate Depends on Surface Condition 
◦ Fresh  
◦ Weathered 
◦ Raveled  
◦ Milled 

 Need for Research  
◦ Field Performance 
◦ Field Testing 
 Bond strength 
 Application amount 

 Treat Tack as Separate Pay Item vs. Incidental 
Item 
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Presenter
Presentation Notes
Pay Item: NCRHP 712 recommends that tack be a separate pay item.  When it is treated as an incidental item, antidotal evidence indicates that application quality, and thus pavement performance, suffers.  The Asphalt Institute recommends that tack be a separate pay item.



Upon completion of this workshop, you will 
be able to: 
1. Recognize the importance of layer 

bonding. 
2. Describe the proper handling, storage, and 

testing of tack coat materials. 
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3. Explain the type of field tests used to 
measure residual application rates. 

4. Identify construction best practices that 
need to be met in order to have a 
successful tack coat application. 
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Questions? 
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Wayne Jones  – Asphalt Institute 
Jason Dietz – FHWA Resource Center 



 

Questions? 
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Thank You! 
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