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Todd Thomas, Colas Solutions, Inc.


Alaska Asphalt Pavement Summit
November 2013


Comparisons of Emulsion, Foamed, 
and Cement Stabilized Bases


Full Depth Reclamation (FDR) is a pavement 
rehabilitation technique in which the full 
flexible pavement section and a predetermined 
portion of the underlying materials are 
uniformly pulverized and blended together to 
produce a homogeneous stabilized base course.


Emulsified Asphalt Treated Base


Foamed Asphalt Stabilized Base


Cement Stabilized Base


FDR Definition
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Pulverization only


Mechanical stabilization


Bituminous stabilization


Chemical stabilization


Primary stabilizing methods


Overview of FDR Processes
Pulverization Mechanical


Thickness, inches 4 to 12 4 to 12


Stabilizer 
content, %


0 0


Additive type & 
content


None 0 to 20+% rock


Stabilizer Types N/A N/A


Alternative 
process


Reconstruction


Typical surface Surface treatment or O/L
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Overview of FDR Processes
Emulsified 
Asphalt


Foamed Asphalt Cement


Thickness, inches 4 to 8 4 to 10 8 to 15


Stabilizer 
content, %


2 to 5
(60 to 65% res.)


1 to 3 3 to 6


Additive type & 
content


0 to 1.5% cement
0 to 20% rock


1 to 1.5% cement
0 to 20% rock


0 to 20% rock


Stabilizer Types CSS‐1, HFMS‐2, 
engineered 
emulsion, 
polymer versions


PG grades (non‐
polymer 
modified)


Portland cement


Alternative 
process


Reconstruction


Typical surface Surface treatment or O/L


Generalized Performance Curve
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Project Selection
From Table 6, NCHRP Synthesis 421 and ARRA


CIR FDR


Alligator Cracking G G
Bleeding, Flushing F G
Block Cracking G G
Bumps F G
Edge Cracking F G
Friction Improvement G G
Longitudinal Cracks G G
Oxidation G G
Patches G G
Polishing G G
Potholes G G
Raveling G G
Rutting G G
Reflective Cracking G G
Shoulder Dropoff P P
Shoving G G
Slippage G G
Transverse Cracks G G
Moisture Damage G G
Ride Quality /minor profile 
corrections


F G


Project Selection


Pavements with functional or structural distresses.  
Major pavement distresses and / or structural upgrades 
for current or future traffic.  Treats the bituminous layer 
and base and possibly the subgrade (cement).


Parking lots


Low volume roads


City streets and medium volume roads


Shoulders


Interstate highways


Airports
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Project Selection


Asphalt pavement with good drainage with side ditches 
or an internal drainage structure


Asphalt pavement over aggregate base or stabilized 
base


Could be an existing gravel road with adequate 
thickness of base material over the subgrade


Very worn asphalt pavement with medium to high 
severity cracks going through entire asphalt layer


Asphalt pavement with signs of rutting, fatigue cracking, 
or patches due to structural distress not related to the 
subgrade
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Material Selection


Material 
Type


Well-
graded 
gravel


Poorly 
graded 
gravel


Silty
gravel


Clayey 
gravel


Well-
graded 


sand


Poorly 
graded 


sand


Silty
sand


Clayey 
sand


Silt, 
Silt 
with 
sand


Lean 
clay


Organi
c silt /  


organic 
lean 
clay


Elastic 
silt


Fat 
clay, 


fat clay 
with 
sand


USCS GW GP GM GC SW SP SM SC ML CL OL MH CH


AASHTO A-1-a A-1-a A-1-b A-1-b 
or 


A-2-6


A-1-b A-3 or 
A-1-b


A-2-4 
or 


A-2-5


A-2-6 
or 


A-2-7


A-4 or 
A-5


A-6 A-4 A-5 or 
A-7-5


A-7-6


Emulsion 
SE > 30
and
P200 < 20* 
(100% base to 
100% RAP)


Foamed 
asphalt
P200 5 to 
20% and 
follow max. 
density grad.


Portland 
cement
PI<10


No. 200 on the RAP/aggregate blend typically < 20% 
for optimum performance


Cleanliness of fines: PI < 6 or SE > 30


Use small quantity of cement if P200 is high or SE is 
low


Usually 1 to 1.5%


Bituminous FDR Mix Design
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Test


o Grinder


o Extraction


o High shear mixer


o Superpave gyratory 
compaction or Marshall


o Early strength test (Marshall 
or cohesiometer)


o ITS


o Retained strength


o Modulus


o Thermal cracking


Purpose


 Simulate milling


 AC content and gradation


 Simulate mixing


 Simulate long‐term density


 Early strength (chemistry)


 Long‐term strength


 Key performance indicator 
(chemistry)


 Structural


 Non‐load cracking


Bituminous FDR Tests


• Mix in high‐shear mixer


• Superpave gyratory compactor (or Marshall hammer)


– 30 gyrations for 150 mm specimens (or 75 blows 
per side)


• Cure at 40°C from 72 hours


Bituminous FDR Mix Design
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Indirect tensile strength


Marshall stability


IDT thermal cracking


Cohesion test


Bituminous FDR Mix Design


Thermal Crack Testing


Bituminous FDR 
mixtures can be 
designed to have good 
cold-temperature 
performance


Predicted low 
temperature of 
pavement in Anchorage 
area:


-30°C at surface


-27°C at 3 inches 
depth


AASHTO T‐322
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Foamed Asphalt


Binding


technology


An emulsion is a dispersion of small droplets of one 
liquid in another liquid


Binding and coating technology


Emulsified Asphalt
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Asphalt


emulsion


BATCH
soap tank


colloid 
mill


water inlet


emulsifieracidstabilizer


140oC
(285oF)


90oC(195oF)


30-50oC(85-122oF)


Emulsified Asphalt Production


Tube suction test


Unconfined compressive 
strength


Modified Proctor 
Compaction


Cement FDR Mix Design
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FDR
Cement: 0.14 to 0.20 (0.15  typical)


Engineered emulsion: 0.20 to 0.28 (0.25 typical)


Mechanical:  Treat as aggregate base


Aggregate base


0.08 to 0.12 (0.11 typical)


Note:  1993 pavement design guide to be replaced by 
MEPDG methodology


Pavement Design


Pavement Design


Strength is built into a pavement structure with FDR


 Corrects pavement defects


 Increases structural capacity


3” worn 
HMA


10” 
aggregate 


base


SNh = 
0.2 x 3 = 0.6


SNa = 
0.11 x 10 = 1.1


SNt = 
1.7


7” 
aggregate 


base


SNFDR = 
0.25 x 6 = 1.5


SNa = 
0.11 x 7 = 0.77


SNt = 
2.3


6” FDR
FDR
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Pavement Design


Strength is built down into a pavement structure with 
FDR


 Corrects pavement defects


 Increases structural capacity


3” worn 
HMA


10” 
aggregate 


base


SNh = 
0.2 x 3 = 0.6


SNa = 
0.11 x 10 = 1.1


SNt = 
1.7


2” new 
HMA


7” 
aggregate 


base


SNh = 
0.4 x 2 = 0.8


SNFDR = 
0.25 x 6 = 1.5


SNa = 
0.11 x 7 = 0.77


SNt = 
3.1


6” FDR
FDR


Default modulus value assigned FDR in the present form 
of the MEPDG is not realistic


MEPDG considers FDR as unbound material.  Dynamic 
modulus testing showed otherwise


Emulsion FDR characterized as less‐aged asphalt 
concrete


NCHRP 09‐51


Pavement Design - MEPDG
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HMA binder and wearing courses


Surface treatments – micro surfacing or chip seal, etc.


Dense‐graded cold mixes


Surface Courses


The recycled layer must be covered by at least a 
bituminous treatment (i.e. micro surfacing or 
chip seal).  If chip seal, double chip seal is best.  
The specific treatment needed will depend on 
pavement design and ride expectations


Bonding of the surface course is critical for life 
expectations and performance of recycled 
layer.  More difficult to bond over cement FDR.


Surface Courses
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Road before 
pulverization


Pulverization and water 
addition


(shaping if needed)


FDR Construction - bituminous


Cement addition (if 
needed)


FDR Construction - bituminous


Emulsion addition
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Padfoot rolling until 
walkout


Shave padfoot marks and 
final grading


FDR Construction - bituminous


Final compaction
(often in combo with 


pneumatic)


Completed FDR


FDR Construction - bituminous


Moisture content in the recycled mix must be low 
enough before recycled layer is covered (50% of 
OMC for FDR)
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Cement spreading after 
pre‐pulverization


FDR Construction - cement


Reclaim with water 
addition


Padfoot compaction


FDR Construction - cement


Grading followed by 
finish rolling – keep 
moist for curing
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Depth


Top size


Water content


Stabilizer content


Additive content


Mix testing


Grade and cross slope control


Compaction


Time to overlay


FDR Quality Control


 500 lb base, 200 lb pavement, 10 gal, 1 sack PC


 OMC, ITS, gradations


 On site foamed asphalt tech for 10 days / 5 yrs exp.


 Measure density on road; ITS by sublot; have field lab


 Heavy rollers – 30T padfoot, 25 T pneumatic


 In place moisture < OMC.  If rain, then >2% over OMC


 ITS > 85% of design for payment; otherwise more HMA


 Field density > 98% of control strip


AK Foamed Asphalt Stabilized 
Base Specification
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 Section 308 Asphalt Base Course


 When item 308(2) is in bid schedule, add emul. AC


 CSS-1 (sec. 702)


 Add emulsion through metered mixing equipment


 Control strip - >98% density for rest of project


 No mix / lab requirements


AK Emulsified Asphalt Treated 
Base Specification


Asphalt emulsions designed for cold in-place recycling (CIR) 
and full depth reclamation (FDR) on a job-to-job basis using 
newer emulsifier chemistry


Not just an emulsified asphalt specification


Meet specific mixture requirements also


Ensures compatibility with the reclaimed asphalt pavement 
(RAP) and aggregate, considers the climate when choosing 
the grade of asphalt and considers environmental conditions 
at the time of the project


Engineered Emulsions
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Foamed Asphalt Emulsified Asphalt Cement


Established mix designs Safe to handle Handle more material 
types


Less moisture in system Transport long distances Go deeper than 
bituminous


Does not need to be hot Established mix designs


Established mix designs


Keep hot Avoid freezing More brittle


Ensure AC foams Cures slower in shade Bonding difficult – thin lifts


Dust during construction


ARRA Life Guidelines


FDR


Normally 25 to 35% cost savings compared to 
reconstruction. Up to 50% if surface 
treatment.


7 to 10 years with surface treatment


Up to 20 years with HMA overlay
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Questions?


Todd Thomas, P.E.


Colas Solutions, Inc.


7374 Main Street


Cincinnati, Ohio 45244


Direct: 513-272-5657


Email: tthomas@colassolutions.com


www.colassolutions.com
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Brad Neitzke
Senior Materials Engineer


Western Federal Lands Highway Division
Alaska Asphalt Pavement Summit


November 2013


 Part of FHWA
 1 of 3 Federal Lands Divisions
 Located in Vancouver, Washington
 Develop and administer construction projects
 On or access to Federal Land
 Territory includes


• Alaska
• Idaho
• Montana
• Oregon
• Washington
• Wyoming (Yellowstone and Grand Teton)
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National Park Service
National Forest Service
Department of Defense
Bureau of Indian Affairs / Individual 


Tribes
Local counties / agencies
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Started in the 1980’s
Numerous projects
CIR, FDR, CTB, Foam
Central plant recycling
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Grand Teton National Park


Eastside Highway -1985


Cold In-place Recycling


Lakeside – Nelson Road - 2004


Helena National Forest


Foamed Asphalt
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Wise River – Polaris – 2010


Pioneer Mountain Scenic Byway


Cold In-place Recycling
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Value – make an economic case
Sustainability
Most likely higher quality material
Local on-site material source


Total fluids content (Water & Emulsion)
Fluids content range from 6% to 8%
Disperse the emulsion (CMS-2)
Use lime (1%) for curing and stripping
Establish targets
Field adjust (snowball test)
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Sieve and batch RAP
Dry
Add water – varying percent
Add lime – 1% in all mixtures
Add emulsified asphalt – varying percent
Compact (Hveem)– observe moisture
Cure for 16 hours at 140 ºF
Perform Hveem Stability
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No need for urgency
Watch edge shoving – delay compaction
Roller checking is not an issue
Pneumatics a must
 If unstable – let it cure
Monitor break-over with nuke gauge
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Too juicy (total fluids too high)
• Unstable
 Let it sit and dry out
 Pneumatic rolling may help
 If not fog sealed, reprocess with grader


Moisture sealed in mix
• Remove and replace (removed material can be 


reused)
• May stabilize over time


Standing traffic on fog
• Tracking and picking of surface
• Use blotter
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Changes in additives / technology
 Improved structural value
Revised mix design method


• Using gyratory compaction
• Raveling test (ASTM D7196)
• Indirect tensile test
• Tensile strength ratio
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Brad Neitzke
brad.neitzke@dot.gov


360.619.7725
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2/19/2014
Integrity ∙ Excellence ∙ Respect 


2


Project Location
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2/19/2014
Integrity ∙ Excellence ∙ Respect 
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Fairbanks


North Pole


Salcha


PROJECT 
LIMITS


• Location:  Moose Creek, Alaska


• Length: 6 miles


• Contractor: Great Northwest, Inc.


• Typical pavement widths
 38’ (10’ RT shldr, 2 X 12’ lanes, 4’ LT shldr)


 62’ (10’ RT shldr, 4 X 12’ lanes, 4’ LT shldr) where accel/decel lanes 
were present


• Just under 2,500,000 square feet of pavement


Richardson Highway MP 340-346 Resurfacing
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• Resurface Richardson Highway from MP 340 to 346


• Originally intended as a SAMI experimental feature
 Overlay project as advertised


 Changed to “mill and fill” by addendum


 Existing asphalt 2” +/-


 Moderate rutting


 Severe orthogonal cracking and alligator cracking


Project Intent
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• Single lift


• 2” thickness


• Type 2, Class B
 Optimum Oil 5.0%, PG 52-28


 Stability – 2198


 Flow – 8.7


 VMA – 14.0


 Unit Wt. – 149.5


• 80% Single Face Fracture


Pavement Information
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Gradation


2/19/2014
Integrity ∙ Excellence ∙ Respect 


12


Engineer’s Estimate:  $7,622,149


Bid Amount:  $7,389,043


Final Amount:  $7,173,380


Project Amount
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• T2/AUTC research project


• 4 segments, ¼ mile each
 Control


 25’ spacing


 40’ spacing


 Placed over existing major cracks


• 1/8” wet saw cut depths to ½”, 1”, and 1 ½”


Experimental Feature – Pre-cracking


• Segment 1
 Control (no cuts)


 34 natural cracks 


• Segment 2
 25’ spacing


 50 saw cuts


 17 natural cracks


• Segment 3
 40’ spacing


 36 saw cuts


 18 natural cracks


• Segment 4
 Placed over existing cracks


 26 saw cuts


 7 natural cracks


Experimental Feature – Pre-cracking
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• Material Transfer Device
• Pluses
 More versatile pickup machine


• Yield is not as critical
• Can pickup windrows and transport to paving machine


 Mixing benefits
 Reduces hopper segregation


• Minuses
 Requires another operator 
 Higher operating and maintenance costs than pickup machine
 Requires a hopper insert
 Big machine


Material Transfer Device
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Consistent Density
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Parks 252-263


Parks 252-263


• North of Healy
• Great Northwest, Inc
• 11 miles paving
• Added 3 passing zones
• Width between 40’ – 56’
• 3” ATB with 2.5” HMA
 45,000 tons ATB
 38,000 tons HMA
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Type 2, Class B Mix Design


• PG 52-28 @ 5.8% Target AC Content
• 28% Crushed Course Aggregate
• 72% Crushed Fine Aggregate
• Mixing Temp (F):  281-294
• Compacting Temp (F):  264-271
• % Voids 4.2


MTV Benefits


• Remixing


• Reduces occurrence of “wing dumps”


• Less start and stop


• Reduces thermal segregation
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• Smoothness bonus maxed out.
 1.27 inches/mile for 26.7 lane miles


• QLA summary:
 Consistent Mat Density
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Additional Thoughts


General practices still as important


• Mix Production QA/QC


• Proficient Laydown Personnel


• Effective Established Roller Pattern
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• Dimond Blvd. Resurfacing: Jewel Lake Road 
to Seward Highway
 “Mill and Fill”


 Length – 3.5 Miles


 Width – 4 and 6 lane sections plus turn pockets


 Depth – 2” for west half, 3” for east half


 Asphalt Quantity – 28,000 tons


 Contractor – Granite Construction


Hard Aggregate (HA)


2/19/2014 2Alaska DOT&PF
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• Nordic Abrasion (ATM 312) = 8% Max
 7/16” to 5/8” Material


 Test evaluates small percentage of overall 
aggregate material (~15%)


 CR Materials currently evaluating effects of use of 
HA for a higher percentage of aggregate material.


• Prall Testing (Not Required or Specified)
 Used for measuring rut resistance


HA Material Properties


Nordic Abrasion (ATM 312)
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Prall Testing


Prall Testing


SPECIMEN


Steel spheresScrew


Cooling water
Lid


O-ring


Specimen


Test chamber


Connection rod 200 mm


Stroke 43  1 mm
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Prall Testing
Nordic Countries Classification of 


wear resistance of asphalt mixtures 
using Prall results 


 


Class Prall-loss, 
cm3 


Wear resistance 


1 < 20 Very good 
2 20 – 29 Good 
3 30 – 39 Satisfactory 
4 40 –50 Less satisfactory 
5 > 50 Poor 


 


• Nordic Abrasion (8% max)
 Our Mix Design: 4.8%


• Prall
 MD-1: 18.5 cm3 loss


 MD-2: 23.2 cm3 loss


Dimond Blvd. Test Results
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• Hard aggregate used in the past
 Kodiak roads and airport


 Tudor Road in 2005


• New policy for use in high traffic areas 
 ADT > 5000 vehicles/day/lane


Central Region Specification


• Cantwell, Alaska (2 Locations near MP 217)


• CalPortland in Dupont, WA


• Jack CEWE Ltd in Coquitlam BC, Canada


HA Sources
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Granite Construction
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ALASKA ASPHALT PAVING SUMMIT
Dimond Blvd. – Hard Aggregate | November 2013


From Bid to Black Top


• Source Selection


• Process & Transport


• HMA Production & Placement
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Source Selection


• British Columbia


• Washington


• Alaska


Source Selection


In-State vs. Out-of-State


• Costs may be comparable


• Logistical challenges


• Nordic Values


• Quantity


• Transport Schedule
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Source Selection


RAIL
• Access?


• Siding Investment(s)?


• Train Schedule?


• Contamination?


• Transport costs?


BARGE
• Material loss?


• Longshoremen?


• Port access?


• Barge Schedule?


• Contamination?


• Transport costs?


Cantwell, Alaska – May 2
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Process & Transport


Chose Alaska source via rail (Cantwell)


• Setup Crusher – April 26


• Begin Crush – May 3


• Notice to Proceed – May 23


• Finish Crush – June 1


• Haul Crush to Healy Siding – June 6


• Load/Unload Train – June 9
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Process and Transport


Processing Considerations


• Abrasiveness of Hard Aggregate
 Wear parts (liners, shoes, etc.)


 Belt repairs


• Weather
 Frost & permafrost


 Rain & snow (silt & fines sticking to rock)


Cantwell picture
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Process & Transport


Transport Considerations


• Road restrictions


• Loss during handling


• Rail car contamination


Cantwell picture
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Production & Placement


West Dimond (2” lift) ~ 14,500 TN


• Mix Design #1 Approval:  June 6


• Pave Jewel Lake to C St.:  June 19 – July 9


East Dimond (3” lift) ~ 13,500 TN


• Mix Design #2 Approval:  July 22


• Pave C St. to New Seward:  Aug. 8 – Aug. 30
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Production


Separation of Hard / Local Aggregates


• Required additional floor space at plant


Otherwise, Business As Usual
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Placement


Pave/Compact - Business as Usual


• No unique observations on workability of mix


• Typical characteristics of Type V Superpave
w/ modified binder
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QC – Hard Aggregate


Observations


• Coarse Aggregate was very cubicle


• High % of 3-face fractures


• Low absorption
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QC - Pavement Smoothness


IRI Specification


• Different form of measurement vs. PRI


• Uses same inertial profiler


• Evaluated by % improve. (rough. reduction)


• IRI measured before const. & after paving


Initial IRI – 119


Final IRI – 74.5
Roughness Reduction = 37%
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Take-Aways


• Qty is important driver in cost-effectiveness


• Scheduling is crucial
 Long lead time on rail/barge


• Hard Agg. projects need to bid early
 Contractor preparation


Wish List


Resource development


• Access improvements for in-state sources


• Earlier bid/award dates in winter


• Future Hard Aggregate quantity forecasts
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Questions?








2/19/2014


1


Project Location
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• Advertised Dec 24, 2012, completion July, 31 2013


• Fast Track due to AS rescheduling 


• AS characterized SIA as an aircraft carrier


• Award to Knik Construction Feb. 22, 2013


• Mobilized to the project March 4, 2013


• Started crushing rock a few days later


• Completed project on schedule 


• Finished paving May 22, 2013


Sitka Airport Overlay
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Aircraft Carrier?


Nov. 2011, Storm







2/19/2014


4


Project Features


• 32,700 tons of AC placed on the project
• Repaired full length 11 longitudinal joints


+ 2 spot repairs
• Added 300 feet of new RW (total 7200’ x 150’)
• Echelon paving all top lift
• Required MTV (shuttle buggy) for all top lift 
• Intelligent Compaction (2 IC rollers required)
• 500 TPH plant for final paving
• Permissive spec for WMA 
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Project Features (cont.)
• Equipment
• Knik selected Evotherm WMA additive


- Added at refinery before shipment to Sitka
• MD submitted on 3/26 and completed on 4/4
• Final wearing course added 10% blend sand
• PG 64-28 for paving grade asphalt
• Evotherm dosed at 0.3%, substituted for liquid 


anti-strip.  Served as a compaction aid


‐ 4 Stockpile blend


‐ 5.7% AC


‐ 3% Air Voids
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Intelligent
Compaction


(generic FHWA spec
modified for airport) 


• Uses high precision GPS (2” accuracy)


• On board accelerometer and temperature sensors


• Heads up display allows operator accurate position


• Records tracking and temperature for all passes


• Calculates a stiffness response, related to density


• Operator - knows how many passes in real time


- knows mat temperature at any instant


- knows what stiffness is at any instant


IC Technology
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• Provides immediate feedback to operator 


• Operator can complete compaction more efficiently


• Ensures100% compaction coverage


• Enhances roller operators job


• Increases chances to obtain density bonus


• Works well day or night


• IC is not a substitute for traditional compaction testing


Advantages of IC
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21
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• All night time paving (6:30 pm to 7:30 am)


• Pave add’l RW length base layers


• Longitudinal joint repair (mill & fill 2’ wide 2” deep)


• Remove airport grooving (1/2” mill) and place 2.5” of 
AC for central 75 feet (~1700’ each night)


• Seaward 38’ width next in sequence


• Final paving was landward 38’ width


• Must maintain 3000’ RW open for medivac aircraft


Project Sequencing
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• Prior to Project • Post Repair


Longitudinal Joint Repair
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• Mill ½” grooving 37.5’ either side of CL (1700’ x 75’)


• Clean up/broom & use of vac truck remove all FOD


• Tack & allow time for break


• Echolan paving (< 50’ separation)


• Pave transition ramps (30’) to match existing asphalt


• Allow time for AC to cool to < 100 ̊ F 


• Apply temporary paint


• Remove all equipment &  personal before 7:30 AM


• Completed critical segment in 5 paving days


Central 75’ Critical Segment
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3 Pavers in echolan
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‐ Project was very successful and completed on time


‐ CPF results 1.05
‐ Knik received maximum longitudinal joint incentive
‐ Knik Construction and their QC team performed 
outstanding


‐ The IC technology helped immensely in project success
‐ SE Region plans on using IC on several new projects and 
encourages its use elsewhere in Alaska


Observations


Questions?
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Sitka‐Rocky Gutierrez Airport 
11/29 Runway Overlay 


2013


Specification Requirements


• Provide one IC roller per paver 


• Provide on‐site training for contractor and agency 


• Provide manufacturer representative for IC 
support


• Provide Veda files to agency 


• Operations Criteria 
– 95% meet optimum passes


– 70% meet target ICMV values (HMV)


• 10% deduction from item 401 when IC is not 
functioning properly
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Background on HAMM Rollers


• Front drum 
vibratory 


• Rear drum 
oscillatory


• Two amplitude 
settings


• Two frequency 
settings


Background on IC


• Measures and records


– Temperature


– Stiffness/modulus


– Pass count


– Roller speed


– Roller frequency 


– Roller amplitude
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Accelerometer Based Measurement


ICMV?


Compaction index or stiffness/modulus?
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Temperature Sensor and GPS


HAMM Software
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HAMM Software


HAMM Software
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HAMM Software


• HAMM Software 
Limitations


– Passes are not 
viewed individually


– Limited analysis


– Maps are time 
consuming to 
import


Veda Software
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Veda Software


Veda Software
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Veda Software


Veda Software
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Veda Software


Veda Software
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Veda Software


Veda Software
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Veda Software


Veda Software
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Veda Software


Veda Software
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Veda Software


Veda Software
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Veda Software


Veda Software HMV Comparison


Property “End” “Middle”


Frequency ‐ vpm 3000 2400, 3000


Amplitude ‐ in 0.034 0.019


Speed ‐mph 2.8‐3.8 2.2‐3.6


Temperature –
degrees F


190‐230 190‐230 


HMV 60‐80 60‐115


Average Mat 
Density ‐ % 


96 96
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Veda Software


Veda Recap


• Map background


• View individual 
passes


• View roller settings


• Quick analysis 


Who should analyze? Agency or contractor??
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IC Strengths and Limitations


• Strength
– Real time data 
useful – particularly 
for night paving


– Records everything 
for troubleshooting 
(if required)


– Helps with density 
consistency 


– Verifies 100% 
coverage


• Limitation


– Does not predict 
density – ICMV and 
density do not 
correlate


– Lots of room for 
error in data 
analysis








PAVEMENT SERVICES, INC.


Airfield Asphalt Pavements
John Duval, P.E.


Alaska Asphalt Pavement Summit
November 18-19, 2013
Anchorage, Alasks
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New Large Aircraft


MTOW
987,000 lb


Boeing 747-8


MTOW
1,235,000 lb


Airbus A380
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The Near Future


MTOW: 775,000 lb
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Overview


• Pavement Design/Evaluation
• Materials
▫ Aggregates
▫ Asphalt Binders


• Mix Design
▫ Marshall
▫ Gyratory


• Construction
▫ Placement
▫ Compaction


• Maintenance (Preservation)
▫ Sealers
▫ Crack Sealing/Patching
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Flexible Pavement Systems


Subgrade Support


Wearing Surface


Subgrade


Subbase 


Base Course 


Approximate Line of 
Wheel-Load Distribution


Area of Tire Contact


Wheel Load


Horizontal Strain at the 
bottom of the HMA


Vertical Subgrade
Strain


P-401


P-209


P-154
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Visual Evaluation


• Distinguish between 
distress categories
▫ Load
▫ Environmental
▫ Other


• Compute PCI
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PCI Rating
DISTRESS 
QUANTITY


DISTRESS 
SEVERITY


DISTRESS 
TYPE


PCI


Reference: ASTM D 5340-12
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Time or Traffic
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Critical PCI


Preventive 
Maintenance


Corrective Maint.,  
Rehabilitation, or 
Reconstruction


Pavement Deterioration Curve


PCI = 95
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Testing


• Destructive
▫ Test Pits


• Semi-Destructive
▫ Boring/Coring
▫ Penetrometer


• Non-Destructive
▫ Deflectometer
▫ Ground 


Penetrating Radar
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Typical ISM Profile
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20 cm AC
30 cm Stab. Base
15 cm Stab. Subgrade


13 cm AC
38 cm Stab. Base


13 cm AC
70 cm Aggregate Base


13 cm AC
40cm Aggregate Base


Note:  Green bars indicate the 
average ISM value for each 
section.
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Airport Pavement Design/Evaluation


• Aircraft Type, Frequency & Weights
▫ Weight much more important than frequency


• Subgrade
• Structure
▫ P-401
▫ P-209
▫ P-154
▫ Stabilized Bases


• Design/Evaluate for Remaining Structural Life
▫ 20 Years
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FAA Pavement Design/Evaluation


• Aircraft Library
▫ B747-8
▫ A380


• Layer Properties
• Design Life
▫ 40 Year Design 


Life?
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Pavement Classification Number


• FAA AC 150/5335B
• August 26, 2011
• ICAO Standard 
▫ ACN = Aircraft 


Classification Number
▫ PCN = Pavement 


Classification Number
• FAA Requires all
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Pavement Classification Number


• Compute PCN using 
COMFAA or PCASE


• Example PCN
▫ 64/F/B/W/T


• Report on Form 5010 
Airport Master Record


• Example ACN
▫ 53/F/B/W/T


• Example ACN/PCN
▫ 0.82


64 = relative pavement 
strength


2X Sgl Wheel Load 
(Mg)
F = Pavement Type Code


F=Flexible
B= Subgrade Strength 
Code


B=(8<CBR<13)
W = Tire Pressure Code


W=Unlimited
T = Evaluation Type
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Components of an Asphalt Mix
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Basic Refining Concepts


Source: Asphalt Institute
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Binder in Hot Mix Asphalt


• Asphalt binder is one of two primary 
components of Hot Mix Asphalt (HMA)
▫ Least in terms of weight (roughly 5-8%), but most  


expensive 
• Binder is the “glue” that holds the aggregate 


together in HMA
▫ Influences behavior of HMA
 High temperature, low temperature, aging


Source: Asphalt Institute
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Asphalt Behavior Depends On:


• Temperature
• Time of Loading
• Aging  (properties change with time)


Source: Asphalt Institute
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Viscous 
Fluid
(soft)


Elastic
Solid
(Stiff)


Temperature


Asphalt is a viscoelasticmaterial 
that has both the properties of an 
elastic solid and a viscous liquid, 
depending on the temperature


Asphalt Behavior at Varying 
Temperatures


Source: Asphalt Institute
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140 F 1 hour


10 hours


77 F


1 hour


At in-service temperatures


Source: Asphalt Institute


Asphalt Flow Behavior







PAVEMENT SERVICES, INC.


Asphalt Flow Behavior


Source: Asphalt Institute
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Time


most brittle 


more flexible


Bulk storage 
and handling 


aging


Short-term aging 
during mixing, 


placing, compaction


Long-term, In-service aging 
(depends on climate and asphalt)


Aging


Source: Asphalt Institute
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“Ideal” Asphalt Binder


• Higher stiffness at high in-service temperatures 
for increased stability (no shoving and rutting)


• Lower stiffness at low in-service temperatures 
for less brittle behavior (no thermal cracking and 
block cracking)  


• Less aging over time for continued flexible 
behavior (improved long-term durability, no 
raveling, cracking)


Source: Asphalt Institute
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Temperature


Polymer-modified is less 
temp. dependent (stiffer 
at high temps with same 
or less stiff at low temps)


Unmodified (neat)


Polymer-modified Asphalt Binder


Source: Asphalt Institute
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ADOT&PF Standard P-401 Binders
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Role of Aggregates in HMA


• Aggregates usually 
make up 94-96% by 
weight, or 85-90% by 
volume of an asphalt 
paving mixture


• Aggregates are the 
main load-bearing 
components within 
asphalt paving 
mixtures!
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Aggregates


• Natural aggregates


• Processed aggregates


• Synthetic or 
manufactured 
aggregates


• Reclaimed Asphalt 
Pavement (RAP)
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Aggregate Properties


• Particle Size
• Particle Shape
• Gradation
• Cleanliness
• Toughness


• Surface Texture
• Absorptiveness
• Affinity for Asphalt
• Specific Gravity
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Aggregate Gradation


Semi-log chart 0.45 power chart
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Aggregate Size DefinitionsAggregate Size Definitions
100
100
90
72
65
48
36
22
15
9
4


100
99
89
72
65
48
36
22
15
9
4


• Maximum Aggregate Size
▫ One size larger than nominal 


maximum size


• Nominal Maximum
Aggregate Size
▫ One size larger than the first sieve to 


retain more than 10%


• Both definitions are based on the 
standard ASTM sieve nest
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P-401 Mixture Classifications


• Four gradation bands in Table 3, different 
maximum particle sizes
▫ 1 1/4 in
▫ 1 in
▫ ¾ in
▫ ½ in


• All of these mixtures are dense-graded
▫ Continuous distribution of particle sizes


eference: ADOT P-401
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½” Max Aggregate Size Gradation


Reference: AC 150/5370-10F
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Mix Design Objective


“…to determine the combination of asphalt 
cement and aggregate that will give long 


lasting performance…”


• Reference: Asphalt Institute MS-2, Mix Design Methods for Asphalt 
Concrete 


and Other Hot-Mix Types
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Desirable Mixture Properties
We want:


• Stability
• Durability
• Impermeability
• Workability
• Flexibility
• Fatigue Resistance
• Skid Resistance


We do not want :


• Rutting or shoving
• Cracking or raveling
• Permeable pavements
• Difficulty in handling
• Cracking after repeated 


loading
• Slick pavement surface
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P-401:  Marshall Mix Design


• Directly 
references AI 
MS-2 for use 
in developing 
the HMA 
mixture 
design


• Marshall 
Method of mix 
design


Reference: AC 150/5370-10F
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Preparation of Marshall Test Specimens
• Compact specimens with Marshall 


hammer
▫ 10 lbs hammer
▫ 18” drop
▫ ASTM D 6926 requires a manually-


operated hammer.  Mechanical 
hammers must be correlated with the 
standard.


• Compact with 50 or 75 blows per side 
depending on design
▫ <60,000 lbs = 50 blows
▫ ≥60,000 lbs = 75 blows
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Marshall Criteria, P-401 Table 1


Test 
Property


Gross Wt  60 kips or 
Tire Pressures  100 psi


Gross Wt < 60 kips or 
Tire Pressures < 100 psi


No. of 
Blows


75 50


Stability, 
lbs (min)


2150 1350


Flow, 
0.01 in


10 - 14 10 - 18


Air Voids, 
%


2.8-4.2 2.8-4.2


Reference: AC 150/5370-10F
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Advisory Circular 150/5370-10G 
(Draft)
• Item P-401 Plant Mix Bituminous Pavement
• Item P-403 Hot-Mix Asphalt (HMA) Pavements 


(Base, Leveling or Surface Course)


▫ In both specifications, the use of the Gyratory 
Compactor for design of HMA is a “tailoring 
option” that is available to all engineers on all 
projects.  The AC contains no limitations to the 
use of on airport projects.
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Gyratory Mix Design


• Gyratory
▫ 600Kpa Pressure 
▫ 30 RPM 
▫ 1.25o Angle


• Better Simulation of 
Loading


• Compact to Number 
Gyrations:
▫ ≥ 60k lbs, Ndes = 75
▫ < 60k lbs, Ndes = 50


6” Diameter 
Mold
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P-401 Gyratory Mix Design Criteria


Pavements Designed for 
Aircraft Gross Weight


>= 60 Kips or Tire 
Pressure >= 100 psi


Pavements Designed for 
Aircraft Gross Weight < 
60 Kips or Tire Pressure 


< 100 psi


No. of Gyrations 75 50


Air Voids, % 2.8-4.2 2.8-4.2


VMA, %


Gradation 3 16 16


Gradation 2 15 15


Gradation 1 14 14


40


Reference: AC 150/5370-10G Draft
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Laboratory Compactive Effort


Selected to match the in-place density of 
HMA after several years of loading in field


Density at 
Placement


Air Voids


15-25% Before 
Rolling


6 – 9%  After Rolling


Future  
Traffic in 


Field


Design 
Density


Air Voids


3.5% Marshall


4%  Superpave


Lab
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Component Diagram


VMA


Unit
Volume


Vol air


Vol eff
asph


Bulk
agg
vol


Mass air = 0


Mass
asph


VOLUME MASS


Total
Mass


air


asphalt


aggregate


absorbed asphalt


Eff.
agg
vol


Vol abs asph


Mass
eff asph


Mass agg


Reference: AI MS-2, Fig. 4.2
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Specific Gravity


• Ratio of a material’s weight to the weight of an 
equal volume of water
▫ Dimensionless number (no units attached)


• Specific Gravity = 2.70 means that the rock 
weighs 2.70 times an equal volume of water


Water Stone


100 lb 270 lb
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VMA-Illustrated (MS-2)
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Mixture Criteria, P-401 Table 2


Maximum Particle Size Minimum VMA


½ in (12.5 mm) 14 %


¾ in (19.0 mm) 13 %


1 in (25.0 mm) 12 %


1 1/4 in (37.5 mm) 11 %


Reference: ADOT P-401
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Interpretation of Volumetric Test Data


Plot averages vs. asphalt content
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Questions on Materials and Mix 
Design Methods ?


Photo Courtesy Steve Muench
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Aggregate Base Preparation


• Mix to proper moisture content
• Best Practice –place base 


aggregate with a paver
• Place in 4 – 8 inch compacted lifts
• Condition to desired moisture 


content
• Compact to percentage of proctor 


specified
• Apply prime coat and allow to cure
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Asphalt Institute Airport Pavement 
Workshop


Design
(JMF)


Production


Transport & Transfer
Placement


Compaction


Finished 
Product


Full Circle
of HMA
Quality


50


Asphalt Institute Airport Pavement 
Workshop


 Discuss project scope and
expectations


 Mention areas that are 


cause for concerns
• traffic issues


• unusual requirements


 Equipment needed for 


project- is it available 
 Daily production 


expectations


 Testing procedures & 


agency requirements


Pre-project start meeting
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Repair Fatigue Cracking


• Possible Causes
▫ Weak base/subgrade
▫ Thin pavement
▫ Poor Drainage
▫ Overloading


• Bottom-up cracking
• Typically with Rutting
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Full-Depth Patching
is Localized Reconstruction
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Cold Milling
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Surface After Milling
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Tack Coat


• Why do we use tack 
coat?


• Promote bond 
between old and new 
pavement layers


• Prevent slippage 
between pavement 
layers
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Slippage Cracks
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Streaking


PAVEMENT SERVICES, INC.


Nicely tacked.







Segregation- Mechanical & Thermal 
Most Agencies Confirm
Segregation is the #1 


Problem
12 Areas where segregation 


occurs


• Mix design
• Stockpiles


• Cold bin loading
• Cold bin feeding


• Hot bins
• Drum mixer operations


• Pug mill gates
• Surge & storage bins
• Discharge systems


• Truck loading
• Truck unloading
• Paver operation


Source:  “Asphalt Contractor May 1996”
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If segregated from the plant it will 
be segregated on the mat
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Single Dump Loading
Segregation in the front, 


rear, & both sides


Mix “breaks & runs”
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Truck Bed


Tail Gate


Limits the distance of “break and run”


Minimizes the Segregation


Correct Loading at the Plant 
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Prevents HMA mix segregation and helps to retain temperatures


Multiple Dump Loading
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Prevents temperature loss and mix temperature differential


Tarp Those Loads No Matter the 
Conditions  
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75.0°F


310.0°F


100


150


200


250


300


LI01 LI02


AR01
SP01


Cursor Temp Max Temp Min Temp Avg Temp
LI01 196.0°F 300.9°F 171.8°F 244.1°F
LI02 298.6°F 302.2°F 141.0°F 233.9°F


AR01 -  302.6°F 129.9°F 256.2°F
SP01 146.1°F -  -  -  


Temperature Differential in 
Hauling Process
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175.0°F


315.0°F


200


250


300


Temperature Differential Will Cause Failure!


Inconsistent Temperature - Cold 
Slug of Material 
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Thermal Segregation


Temperature differentials lead to compaction issues
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170.0°F


310.0°F


200


250


300


Attainable with or without an MTV


Top Quality Mat
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Weather Limitations
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What’s Happening Here?
Segregated Material


End of Load Segregation- Last 
Minute Dribbles







Blemishes
will 


likely fail!


End of Load Segregation
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1. Consistent paving speed
2. Balance production to laydown
3. Control segregation


and temperature segregation


Material Transfer Vehicles (MTV)
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12 346


5
8


7


Assumptions


Runway- 150’


Each paver pass- 18’- 10
8 passes to cover runway


7 longitudinal joints
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27’


Airport Project- Hydraulic 
Extendible Screed
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Assumptions


Runway- 150’


Each paver pass- 25’- 1”
6 passes to cover runway


5 longitudinal joints


12 34 56
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Eliminating Longitudinal Joints-
Echelon Paving
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Too Much 
Overlap at


joint


Excessive Material At Joint & 
Removal


Take the lute away from this guy!


Cold and segregated material Maybe we should keep the lute man distracted !!
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Slurry Seal application 
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Slurry Seal in Hangar area







PAVEMENT SERVICES, INC.


PAVEMENT SERVICES, INC.
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Reclaminte spray application


PAVEMENT SERVICES, INC.


AC 150/5380-6B
Appendix C
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Summary


• Use the best materials available
• Use appropriate PG binder for the project
• Marshall Mix design / Gyratory Compaction soon
• Pay attention to preparation prior to paving
• Airfield deserve best construction practices
• No shortcuts in maintaining airfield pavements
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Asphalt Airfield Pavements


Thank You!


John Duval, P.E.
john@psipdx.com








This co-op study (partnership between AI and FHWA) was limited in scope, funding and time.


Partnership exemplified by cost sharing under contract. 


Focus not on doing additional research on LJs, but rather to examining what has been done over last 50 years 
in this area and search for consensus and make recommendations on how to construct and specify LJs.  Effort 
could be considered as an extensive synthesis, then the development of recommendations based on findings.


Workshop will cover our findings in terms of LJ specifications, and density requirements as they relate to 
permeability.  Workshop will also cover key steps (best practices) that give contractor best chance of building a 
LJ that will last as well as interior mat.
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This was my first reaction when approached by FHWA about starting this project, but I quickly discovered that 
not only was there many approaches to specifying a LJ, there were aspects of building a LJ that even experts 
didn’t agree on.  This made the project very interesting.


It also became apparent that, even with all the LJ studies that have been done, LJs often fail pre-maturely.  For 
this reason, it’s my opinion that LJs are probably our industry’s biggest black eye. 


This black eye was illustrated clearly when Carlos Rosenberger, one of the lead project members, took the 
following set of pics when driving from his home in eastern PA to an asphalt alliance meeting in CT, where the 
purpose was to ironically talk about what we can do as an industry to improve our market.      
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Mark Buncher’s short trip to Columbus OH in Mar 2012 to speak on LJs.
Pete Grass was photographer riding shotgun.
Could have taken many pictures of failing joints on many parts of trip.  
Cincinnati and Columbus are about 80 miles apart.
Ask audience what is the weakest link in the chain of the asphalt pavements seen in these pictures.  
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Note that both longitudinal joints failed before the mat and were milled and filled. 
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This statement by KY TC is not unique to KY.  
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Premature failure should be a concern to both industry and agencies.  Performance periods, especially the 
initial performance period, have been shown to be the most critical factor, after initial construction cost, in a life 
cycle analysis.  Increasing the performance period(s) will have a significant impact on the life cycle analysis 
and ultimately the pavement selection process.  The difference in Net Present Worth in a LCCA using 
performance periods of 15 yrs versus 10 years will probably be in the 8 to 10-percent range (depending on 
prices; 8.5-percent was calculated in the next hidden slide using assumptions by Carlos in 2011).  Performance 
periods are important to the DOT to stretch insufficient funds, and the DOT continuing to select asphalt 
pavements as the primary option is critical to the HMA industry’s future.  
We have all heard the phrase, “Get in, Get out & Stay out”, it reminds us that the motoring public does not like 
to be delayed.  Longer performance periods address the “Stay Out” part of the statement and if we can improve 
the performance periods we will probably eliminate one or more maintenance cycles.
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Smooth transition from this slide to next
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Antidotal comments of longitudinal joint performance similar to the previous photos and reports with findings that 
paralleled the Kentucky report prompted the FHWA to survey their Field Offices regarding the performance of the 
longitudinal joints in their states.


That initial survey provided a great starting point, it gave insight into the specifications and practices being used in the 
U.S.  Specifically it noted:
-1/2 of the states were not satisfied with their longitudinal joint performance
-2/3 of the states reported that they have a longitudinal joint specification (in some cases an addendum or special 
provision), but only ½ of those states accepted based on a minimum density.  The other ½ were using “method 
specifications”
-Some states reported use of longitudinal joint adhesives.  New Jersey required it on all projects.  MS is now using it 
routinely on interstate projects.


(Note: This may be a good spot to ask the audience what type of LJ spec or requirements their state has.)


While the initial survey got the project off in the right direction, it did not provide the necessary data to recommend a 
specification or “best practices”.
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Literature on LJs goes back to 1960s, and continues to grow as LJ studies are conducted by States.


Reviewing everything we could find on constructing LJs helped us formulate the questions to ask the industry 
experts; honing in on the areas where there was not a clear consensus on what was the best practice.


Section 2 will cover what the literature says on in-place density at the joint; relationship between density and 
performance, relationship between density and permeability.  
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Each expert was sent this 2-page questionnaire 2-3 weeks prior to the interview so they had ample time to 
prepare for interview.


Actual interview was done face-to-face or over the phone, each lasting between 1-3 hours.


Goal was to find areas of consensus to help us develop set of best practices which offer best probability of 
constructing a durable LJ.  







15







16


Dean Maurer reported these result while doing a Mat Density vs Longitudinal Joint Density in Pennsylvania.  
His findings are representative of what other researchers have found.  Joint densities are often 2 to 5% (or 
more) lower than the mat density.  Shown here are average of many density measurements in this PA study.  
Differences are 3 – 5% between joint and mat.  


(could have picked one of a dozen studies that have similar density numbers) 







This Washington study, has been around for many years, it highlights the relationship between in-place 
pavement air voids and pavement service life.  With longitudinal joint densities typically at 90% or less it is easy 
to explain those opening photos of premature joint failures.  At ninety percent compaction (10-percent air voids) 
we can expect joint performance to be: joint performance = mat performance – 1/5.  When joint density drops 
to 89% then joint performance can expect to be: joint performance = mat performance – 1/3.  For a 15 year 
expected mat performance, giving up 1/5th means the joints fail 3 yrs earlier than mat (giving up 1/3rd means 
the joints fail 5 yrs earlier).
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Poor joint density, high air voids, leads to an increased rate of oxidation in the pavement.  The combination of 
an oxidized pavement in combination with permeability and a series of freeze thaw cycles can lead to the 
catastrophic failure of a longitudinal joint.  This section of I-80 in winter of 2009 was scheduled to be overlaid 
the next construction season, but required an emergency milling operation in the middle of the winter to provide 
the motoring public a safe roadway. 
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This is an intermediate mix placed with echelon paving.  The joint passes between the $0.25s but unable to tell 
where it is
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Even in a rural area the opportunities for echelon paving are very limited.  Consequently, most of the 
longitudinal joints are built with a cold joint. Which leaves us with coming up with the best way to build a quality 
joint when echelon paving is not practical
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Looking at longitudinal joints, the research would seem to favor the use of the notched wedge, but the 
interviewed paving experts were pretty evenly divided.  Each joint has its advantages and disadvantages.  The 
notched wedge offers the opportunity for higher tonnage (not required to pull second lane up) and for safety 
(FHWA requires closing up any lift 2 inches or greater before opening for traffic).  Thin overlays do not provide 
sufficient depth to use the notched wedge. One Sheldon Hayes winner suggested that their company felt they 
achieved a smoother pavement with the butt joint (An important consideration if there is a ride incentive 
specification).  Considering previous research and the interviews it appears using “best practices” to 
constructing the joint outweighs the type of joint. (Personal comment:  If I was a contractor with a 
minimum density specification I would build the notched wedge to reduce the possibility of a void between 
lanes.  In another 3 slides from here, it is stated in speaker notes that two states (PA and MA) have recently 
found higher densities with the notch-wedge vs the butt joint.
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The choice of type of joint goes beyond butt versus wedge.  Wedge joint configurations vary from a 12:1 to an 
8:1 to a 3:1 ratio.  (Wedge on left is in Connecticut.  Wedge on right is in Colorado)


CT requires a notch wedge joint (no butt joints) with slope from 8:1 to 12:1.  Also requires notch at top and 
bottom of wedge.
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Various notch wedge devices available.  Two shown here.  More shown later.


CT requires that the taper on the wedge gets compacted in some fashion.  A vibrating wedge device such as 
shown here is most commonly used.  Others use a small roller, often a tow-behind kind.


Remember that PA DOT allows either a butt or notch-wedge joint.  They looked to see if there was a difference 
in density due to joint type and determined the average joint density for the notch wedge joint was 1.4% higher 
than the butt joints.  The split was about 60% wedge joints / 40% butt joints on 168 lots in 2011 and 1st quarter 
of 2012. 


Maine recently reported in Auguest 2012 that they have some preliminary data from a LJ research project that 
shows they get improved density with the notch wedge versus the butt joint.
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This is not an acceptable way to build a notched wedge joint.  The joint density will be low and the resulting 
joint performance will not be good!
NOT PHOTO-SHOPPED!
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Here’s an example of poor planning that Danny Gierhart took in Oklahoma City recently
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The joint is the weakest area of the pavement.  Because of this, a longitudinal joint should be 
offset from that of the layer below by approximately 6”.  This is to avoid a plane of weakness 
running down through multiple pavement courses. Locate surface joints at the approximate 
centerline or line striping locations, away from the wheel paths 
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Avoid striping right over the joint. 


27







Sealant hides the striping
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A good joint requires getting started off right.
-That means having a balanced paving operation; plant production, number of trucks (time to / from the 
project), paver speed and roller speed coordinated to match tonnage arriving on the project. 
-Trucks loaded to avoid segregation, 
- MTV helps to minimize segregation and allows paver to maintain consistent speed, without getting bumped by 
trucks.
- Without a MTV, “dump person” is critical to get truck lined up properly to avoid paver deviating from a straight 
line.
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Example of “Basics” don’t starve hopper for material; leads to possible segregation
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The application of a properly cured tack coat (PG grade or emulsion) is critical to minimizing the lateral 
movement of the unsupported edge.  It is important the tack coat cover the full width of the lane being placed.  
In the photo above, the tack was placed beyond the edge of the mat, which is OK too.
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It was unanimious, the first pass must be straight.  A straight first pass allows the paver operator to consistently 
and uniformly overlap the existing lane.  The examples show here are a stringline and a stringline that has 
been skip painted.  (Circumstances may negate the need for a stringline, one example being urban paving 
where there is a curb that can be used as a reference.) It is equally important the paver operator have a clearly 
visible reference that can be used in conjunction with the stringline.  Several of the Shedon Hayes winners 
commented on the importance of a straight first pass and one sends a survey team out to set the line.
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Great results.  This is the stringline project in the previous slide


Also note that the longitudinal joint from the underlying mat is staggered what looks like about 8 inches.  
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The inability to get a consistent overlap is obvious in these photos; they highlight the need for a straight first 
pass.  These projects will result in some areas having excess material at the joint  and insufficient material in 
other areas.  In all likelihood, the areas with excessive material will see the lute person push that material back 
and spread it across the mat.


Chuckle: (Orange sign on right “uneven pavement” has dual meaning). 
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There is overwhelming agreement that the paver must be run with automation rather than manually.  When not 
matching a longitudinal joint or curb, skis are typically used to optimize smoothness.  There are many types of 
skis, but all are designed to provide a smooth surface by paving thinner in high spots and thicker in low spots, 
with smooth transitions.  Skis are typically 30 to 60 ft long, contact variety and laser.  Upper left photo is a 55-ft 
leveler run on both sides of the screed, designed to take out any deep swells.  The lower left is a non-contact 
ski system that can be more accurate than a contact ski system (shown in lower right photo) if running over 
obstructions.
We’ll talk more about contact versus non-contact grade sensors later when we discuss joint matchers, used to 
close up the joint.
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Like the paver automatics, the vibratory screed should always be on, it increases the mat and the joint density.  
When conducting the interviews with the industry experts, it was estimated that the vibratory screed is not 
turned on 50% of the time.  (Project visits confirmed that estimate.  Paver operators cited being very 
uncomfortable when having it turned on for a long period of time.)
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The end gate should be seated on the existing lane to prevent material from leaking out from underneath; 
unless removed that material can lead to air voids at the interface of the two lanes.
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There should be a uniform head of material across the entire screed. Flow controls are designed to maintain 
the head of material automatically.
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Augers should be extended to within 12 to 18-inches of the end gate to ensure a continual supply of fresh 
material is carried (not pushed) to the joint.  Not doing so is a source of segregation and the resulting low 
density, high permeability found in many longitudinal joints.
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Extend Tunnels to within 12-18” of End Gate.  Typically Hydraulically controlled. 
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When there is a proper head of material and the auger and tunnels carry the material to within 12 to 18-inches 
of the endgate; the result a uniform, not-segregated joint
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This is unacceptable.  The auger is buried, 3+ feet from the end gate, and material is being pushed, rather than 
carried.  The result is a high probability for segregation at the longitudinal joint.   Sometimes this is difficult to 
avoid, such as the lower right photo where the screed width was adjusting back from avoiding the storm drain 
inlet.   
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Segregation at the longitudinal joint, most likely the result of improper head of material and the augers not 
extended to within 12 to 18-inches of the endgate
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Keeping the rollers close to the paver is always important, it is critical when the weather turn cool / cold.  (This 
project is just outside Baltimore, MD.  Contractor P. Flanigan & Sons, a Sheldon Hayes winner)
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I always get chuckles from the audience at this point and I’m not sure why.
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Here was one of the areas where opinions were split almost 50 / 50 among 
experts interviewed. 


•Two methods used to compact unsupported edge:
•Option 1 (preferred by this project): roller hangs over unsupported edge about 4-6” 
on first pass.
•Option 2: roller stays inside unsupported edge 4 to 6 inches on first pass.  On 
second pass, roller hangs over unsupported edge 4 to 6 inches.


•Cautions:
•Option 1 may break down edge for lifts thicker than 2”.  If this occurs, use Option 
2.







•If cracks are noticed near unsupported edge using Option 2, then use Option 1, or move 
roller farther inside the edge on first pass using Option 2.
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The concern for staying back from the unsupported edge is a stress crack developing along the edge of the 
roller drum.


Might be interesting for those that use this method to go back to previous projects to see if stress cracks 
develop. 


May be mix dependent.  







Connecticut noted that their early wedge joints raveled when left open to traffic, prior to placing the adjacent 
lane.  Consequently, their specification now requires the wedge be compacted.  They do not specify the 
method of compacting the joint, just that it be compacted.


In PA, their data shows there is significant benefit in terms of increased final joint density by using a notched 
wedge compactor (also called a vibrating wedge – left photo) to form and compact the wedge joint.   
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Emulsion pic was on Lindy Paving Job just north of Pittsburgh, PA.
Proprietary Joint Adhesive pic on I-295 in New Jersey


Painting the longitudinal joint (butt or notched wedge) is strongly recommended to increase the bond and help 
fill any voids.  Emulsions, PG-graded asphalts and proprietary joint adhesives have all been used successfully.  
Contractors in our survey tended to prefer the same emulsion specified for the tack coat, consultants in our 
survey tended to prefer the joint adhesives.  The PA and MD specs require the use of PG binder (either 64-22 
or the project grade) for painting the exposed face of the longitudinal joint.  When sealing notch wedge joints in 
PA (they allow both butt and wedge joints), DOT requires painting the full face of wedge (from notch to notch) 
with PG asphalt.  


Work done by Kandhal found the best performing joints were notched wedge joints using joint adhesives.  New 
Jersey and Hew Hampshire require the use of joint adhesives (JA) on their longitudinal joints.  Mississippi 
requires JA on their Interstates.  One concern with JA is pickup if trucks traffic over the exposed JA.  Pickup 
can also be a concern with PG binders if not given sufficient time to cool.
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Use of an emulsion to paint the joint is considered “Good”, use of a PG asphalt (typically 64-22) is “Better”, and use of 
the Joint Adhesive (JA) is “Best.”   When emulsions are used, double tacking the joint is encouraged for extra residual 
asphalt.  The cost of the JA is around $0.30 per linear foot.  A discussion and slide is provided later in this workshop on 
doing an economic analysis to determine if using a Joint Adhesive is beneficial from a cost/benefit perspective. 
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For instance, on a ride spec expressway project… a contractor could first place the 10’ shoulder using a ski 
reading on the travel lane (outboard).  Then, when placing the travel lane, also use a ski on the travel lane 
(inboard) which will yield a consistent depth at the shoulder joint.  Then when placing the passing lane, use a 
joint matcher to maintain a consistent depth at the joint.


Also, there are scenarios where it would not be practical to use a joint matcher such as: short broken up work 
(intersections, etc.), stacked joints without sufficient width, near barrier for traffic control, etc., etc.


See sub-bullet: NH DOT spec requires finished hot‐side of joint to 
be 1/8” higher vs cold side for the reason of never starving 
the joint 
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You saw this photo earlier.  Could this be the result of a ski rather than a joint matcher?  Random retained 
moisture along the longitudinal joint may be result of the ski averaging adjacent joint thickness.  Some places 
just right; some places too low, and some places too high.
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There is general agreement the overlap of material onto the existing lane should be 1-inch + / - one-half inch.


If the overlap is excessive, too much material will be present on the cold mat and will need to be raked off. If 
there is too little or no overlap, the joint may be starved of material and can result in large voids or very low in 
place densities. 


In a break from the traditional recommendation to lute the material back, the consensus from the experts is 
the material should not be luted back.  If the material could always be properly luted back it would probably be 
the recommended method, but too often the material is luted across the mat which results in a joint starved for 
material and one destined for premature failure (see next several slide).


It is important to remember the roll down of a typical hot-mix asphalt pavement is approximately 0.25-inch / 1-
inch and make sure that the second lane lift thickness is sufficient to allow for that roll down.  When done 
properly the overlap material will be above the cold lane by roughly 0.1-inch.  We are not looking for a pretty 
joint (one that is smooth measured transversely).  One inch wide band of crushed aggregate is OK.  
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If the material would always be properly luted back, it would probably be the recommended method, but too 
often the material is pushed across the mat; the result is a joint starved for material and one destined for 
premature failure.
Picture on right will result in “starving the joint.” 
For this reason we recommend avoid luting the overlap material under normal conditions (proper overlap).  If 
excess overlap, carefully remove excess with flat-end shovel.  DO NOT BROADCAST EXCESS MATERIAL 
ACROSS MAT. 
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All too common event; overlapped material being broadcast across the mat.  The result is a joint starved for 
material and a non-uniform (segregated) mat.
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In a break from the traditional method of luting the material back to the joint;  the consensus is the material 
should not be luted back.  Not luting the joint provides the highest probability of good joint performance.  It also 
increases the safety of the paving operation as the lute person no longer has to contend with luting the joint 
and having the lute handle out in the passing traffic.


(Note : Only use the following sentence only if not using slide with title: “Bump the Joint”.  If the material could 
always be properly luted back it would may well be the recommended method, but too often the material is 
luted across the mat; the result is a joint starved for material and one destined for premature failure.)


57







Recommended method of compacting the supported edge is to stay off the joint on the first pass overlapping 
onto the cold lane on the succeeding pass.


This method allows the material right at the joint to be confined on both sides prior to rolling.  By confining both 
sides, the full weight of the roller will force the mix down into the joint to achieve the best density available.


This method also minimizes any bridging effect of the roller being supported by the cold lane. 


This recommended rolling pattern is opposite of what we recommend for the unconfined joint (staying off joint 
versus overlapping joint).
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An alternate method of rolling the supported edge is to overlap onto the cold lane on the first pass.  This 
method was not chosen due to concern of a bridging that would result in low density just off the joint on hot 
side. It was also felt that the recommended method confines the mix at the joint from both sides, providing the 
best density possible. 
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Wide range of opinions on optimum method to roll hot side of joint.  
Some said 1st pass should be on cold side, overlapping 6” onto hot.
Some said 1st pass should be on hot, overlapping onto cold.
Some said 1st pass should be on hot and 6-8” off the joint, with 2nd pass then pinching it down by overlapping 
onto cold side.  This is the method we chose.  


Like the supported edge, opinions varied on how to roll the supported (hot side) of the joint.  Ultimately the 
recommendation is to roll the supported edge by staying back from the joint 6-8 inches from the joint.  This 
decision is based on the possibility of the roller drum bridging when part of the drum is supported by the cold 
mat.  There is concern with this method that a stress crack may develop along the edge of the roller drum as 
discussed earlier in rolling the unsupported edge.  We believe the possibility of bridging outweighs the concern 
over a stress crack.  Roller operators should be vigilant and if they see the stress crack developing they should 
switch to overlapping onto the cold lane with the first pass.


Pictures are during state visit in CO showing the alleged stress crack that can occur at edge of drum by staying 
6” off joint with 1st pass.  More likely to occur on tender mixes, and when rolling unsupported edge.  
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This contractor chose to make his final passes on the pavement crown by not quite centering his drum at the 
crown. This exerted maximum pressure at the joint.
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Point on this slide is the Contractor should be checking his density on both sides of the joint soon after the 
rolling operation is complete.  Just as it was important to test the unsupported side as part of the contractors 
QC plan, it us also important to check density on the supported side.  If the agency checks density with cores 
as part fo QA, the contractor may also want to be taking cores as a check.     


The following has essentially been covered under the “Specification Section”, but may want to reiterate:
Acceptance of the joint is best measured with a 6-inch core, (but it does have the negative aspect of being 
destructive testing).  Cores taken on butt joints should be centered on the joint.  Cores taken on a notched-
wedge joint should be centered on the wedge, equally spaced between the two notches.  The acceptance 
value should be the average Gmm of the two mats.  (Centering on the butt joint and centering on the notched-
wedge will provide a 50/50 split of the material)


The gauge will not seat properly and will giving an inaccurate reading if placed directly over the joint, especially 
if joint was not luted and is not perfectly flush as we recommend.  The gauge locations for readings will need to 
be parallel to the joint and offset from the joint 2-inches.
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There are other traditional options, a re-visiting of joint heaters and some brand new ideas that can be 
explored.


-Milling and paving one lane at a time eliminates the unsupported edge, the area of highest voids
-Cutting back the joint, common on airport paving projects, removes the unsupported edge, eliminating the high 
void area
-Joint heaters are being re-visited.  This re-visit includes new technology that may overcome the shortcomings 
of their predecessors; over heating or under-heating.
-Proprietary joint adhesives are not new they have been around for years (see Kandhal study dating back to 
2002), but have not been a standard specification, except for New Jersey
-The realization that longitudinal joints regularly do not achieve the density required to be impermeable has a 
few states experimenting with surface sealers.


Following is a slide on each of these options. 
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Prior planning is a key factor in constructing a successful longitudinal joint.  As noted in the previous slide there are 
advantages to each type of joint; choose the joint best suited for your particular project.
-Permeability is related to the nominal maximum aggregate size (NMAS); the smaller the NMAS mixture the less likely it 
is to be permeable.  Consider the type of traffic and choose the smallest NMAS with which you are comfortable
-Permeability is also a factor of gradation selection; fine mixtures (those below the maximum density line) are less likely 
to be permeable.  Again, consider the type of traffic and choose the gradation understanding that fine gradations offer a 
greater probability of being impermeable
- Higher binder contents will improve compactability resulting in reduced in-place air voids and less permeability.
- Compaction, whether it is the mat or the longitudinal joint requires sufficient lift thickness to allow the rollers to do their
job.  National recommendations currently recommend a minimum of 4 x NMAS for coarse graded mixtures and 3 x NMAS 
for fine graded mixtures.
- Many states, including TX, said that paying for tack coat separately as a bid item, versus including in the price per ton of 
mix, will help ensure a proper application rate is laid.  Tendency is to skimp on tack if  not separate pay item.  
- Lots of anecdotal comments that WMA can help as compaction aid if temperatures are not dropped as much as they 
can be.
- CT found they get better joint density with notcch wedge joint.  PA data from 2011 and 2012 where both type of joints 
are allowed shows the notch wedge joint averaged 1.4% higher density than the butt joint.  DOT felt the reason is that 
that the notch wedge joint helps ensure no air voids at joint. 
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Contents of Workshop Packets
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2013 Alaska Asphalt Pavement Summit Registration info posted at: 
Hilton Anchorage http://dot.alaska.ecatts.com/lmsTrainingCalendar
Summit Program
Day 1: Monday, 18-Nov-13 Presentation By


No. 11:30 - 12:00 Registration / Sign In
12:00 - 12:15 Opening Statements / Welcome Notes Mike San Angelo, DOT&PF; Kim Rice, Dep. Commissioner, DOT&PF


1 12:15 - 12:30 Alaska University Transportation Center Update Billy Connor, AUTC
2 12:30 - 13:15 Overview of the National Center for Pavement Preservation Larry Galehouse, NCPP
3 13:15 - 14:00 Pavement Preservation for Highways and Airports Larry Galehouse, NCPP


14:00 - 14:15 BREAK
4 14:15 - 15:00 Pavement Maintenance Techniques for Highways and Airports Greg Sharp, ISSA
5 15:00 - 15:45 Preserving Asphalt Pavements using Thin Film Surface Treatment Technologies Brad Grose, AEMA
6 15:45 - 16:30 An Introduction to Modified Asphalt Binders Chris Lubbers, AMAP


16:30 - 19:00 Hospitality event(no host bar): Hors D'Oeuvres provided by Paving Industry Sponsors


Day 2: Tuesday, 19-Nov-13
7:30 - 8:00 Registration / Sign In


7 8:00 - 8:40 Comparisons of Emulsion, Foamed, and Cement Treated Bases Todd Thomas, ARRA
8 8:40 - 9:20 Cold Central Plant Recycling - Paving with 100% RAP Mix Brad Neitzke, WFLHD-FHWA
9 9:20 - 10:00 Northern Region's Experiences with Material Transfer Vehicles Andrew Schultz, David Arvey, DOT&PF; Kelly Painter, GNI


10:00 - 10:15 BREAK
10 10:15 - 11:05 Anchoarge's Dimond Blvd Paving using Hard Aggregate Jason Lamoreaux, DOT&PF; Josh Hart, Granite Construction
11 11:05 - 12:00 Sitka Airport Paving using Intelligent Compaction Bruce Brunette, DOT&PF; Amanda Gilliland, Knik Construction 


12:00-1:30 pm LUNCH (on your own) 
12 1:30 - 14:15 Airfield Asphalt Pavements: Materials & Mix Design John Duval, Pavement Services Inc.
13 14:15 - 15:00 Airfield Asphalt Pavement Construction, Preservation, Maintenance John Duval, Pavement Services Inc.


15:00-15:15 BREAK
14 15:15 - 16:00 Reclaimed Asphalt Pavement: State-of-the-Practice David Johnson, The Asphalt Institute
15 16:00 - 16:45 Longitudinal Joint Construction David Johnson, The Asphalt Institute
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2013 Asphalt Summit
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Field Evaluation of Crack Sealing of AC 
Pavements in Alaska


2


 The AKDOT&PF has promoted routine sealing of cracks 
in AC pavements for many years.


 Certain cracks (including map/grid cracks) may 
sometimes be ignored, i.e., left completely unsealed, 
for the life of the pavement with no negative effects.


 It is economically wise, 
 if possible, to delineate areas of the State where such 


sealing is (or is not) necessary.
 to study repair treatments for major transverse cracks 


to see what does and doesn’t work — and where.
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Lessor and Major Thermal Cracking
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Field Evaluation of Crack Sealing of 
AC Pavements in Alaska
 Significant maintenance funds can be saved or redirected 


by not sealing or by reduced sealing of certain types of 
thermal cracks in AC pavements. 


 The study recommends that lessor thermal cracking 
receive no maintenance except on delaminating 
pavements. Maintenance treatment of major transverse 
thermal cracks can be greatly reduced based on 
inexpensive, long-term assessments following new 
pavement construction. 


 Assessment of the need to seal thermal cracks should be 
continued. 
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Characterization of Alaskan HMA Mixtures 
with the SPT


 establish a catalog of Dynamic Modulus |E*| for typical 
Alaskan HMA 


 evaluate the correlations between SPTs results and HMA 
performance


 validate the prediction models of the |E*| for local HMA


 Problems


 Objectives


 mechanistic flexible pavement design requires accurate 
characterization of paving materials


 resilient modulus (MR) can not characterize HMA over 
temperature and loading frequencies 


 need correlations between SPTs and HMA performance 
for typical Alaskan HMA mixtures 
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Characterization of Alaskan HMA Mixtures 
with the SPT


No. Project Project Number Region Label 


1 FIA Runway 1L_19R stage 3 (64-34) 3-02-0096-034-2008/61016 Northern FIA64


2 FIA Runway 1L_19R stage 3 (52-34) 3-02-0096-034-2008 Northern FIA 


3 Glenn Hwy: Hiland to Eklutna Resurefacing 52000/ARA-0A1-6(39) Central GH 


4 Minnesota Dr Resurfacing: Int'l Airport Rd to 13th 51135/IM-042-1(93) Central M 


5 Unalakleet Airport Paving 3-02-0309-02/61438 Central UNK 


6 East Dowling Road Extension and Recon. 58592 Central D 


7 Parks Hwy MP 287-305 Rehab IM-QA4-4(17)/77137 Northern N 


8 HNS Ferry Terminal to Union Street NH-095-6(18) Southeast HNS 


9 Chena Hot Springs Rd MP 24-56 BH_NH-STP_0650(50)/61425 Northern CH 


10 Chena Hot Springs BH_NH-STP_0650(50)/61425 Northern CH2 


11 Rich Hwy North Pole Interchange ACIM_0A2_4(26) Northern NPI 


12 Alaska Hwy MP 1267-1314 BR_NH_IM_0A1-1(10) Northern TOK 


13 Dalton Hwy. MP 175-197 Rehabilitation 62860/ IM-065-4(10) Central DH 


14 Glenn Highway MP 34-42, parks to Palmer Resurf. 52015/ARA-0A1-5(26) Central GPP 


15 Old Glenn Hwy.: MP 11.5-18 57039 Central OGP 


16 Fairbanks cowles Sreet Upgrade STP-0641(2)/60434 Northern CO 


17 AIA runway 7R_25L Rehab. 58540/ Aip 3-02-0016-129-2010 Central A 


18 PSG Mitkof Highway-Scor Bay to Crastal Lake Hatchery 68819 Southeast Pet 


19 Glenn Higway Gambell to airport MP 0-1.5 58800/IM-oA1-6(35) Central GGB 
20 Glen Why MP 92-97 Cascade to Hicks Creek NE-0A1-5(17)/52507 Central GCH 
21 Palmer-Wasilla Highway Phase II 50900 Central PW 
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SPT (AMPT later)
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SPT 
Tester


After
Test


During
Test
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| E*| Master Curve Summary
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Verification of JMF for Alaskan HMA 


 How the quality of HMA is 
assured is a critical issue


 Variability is inevitable
 to investigate how the 


properties of HMA mixtures 
vary due to mixture 
production


 To verify the HMA JMF, and 
evaluate how well contractors 
meet the requirements of 
mix designs
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Anchorage International Airport


Nenana
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Verification of JMF for Alaskan HMA
 Composition properties


 Gradation & binder content
 Performed by DOT&PF, contractor & UAF


 Volumetric properties
 VTM, VMA & VFA
 L&L, F&F, F&L & core 


 Mechanical properties
 | E*| @ 4, 21, 37, 54oC & 0.1, 0.5, 1, 2, 5, 10, 20, 25Hz (L&L, F&L)
 IDT creep stiffness @ -10, -20, -30 oC (L&L, F&L, F&F, core)
 IDT strength @10, -20, -30 oC (L&L, F&L, F&F, core)


 Influencing factors
 Sublot, operator, scenario, temperature


 Correlation
 Composition and mechanical properties
 Volumetric and mechanical properties
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Findings: Current Practice Works


 Composition properties
 Variance & error of gradation, affected by operator & sublot
 Error of binder content, affected by operator


 Volumetric properties
 Error of volumetric properties, affected by scenario and Sublot
 Variance of volumetric properties, affected by scenario


 Mechanical properties
 | E*|: Variance (sublot & temp), Error (sublot & freq & temp)
 IDT Creep Stiffness: Error (sublot & scenario & temp & loading 


time )
 IDT Strength: Error (sublot & scenario & temp)
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Impact of Fines in the Unbound Pavement 
Layers 


 Conclusions from previous study
 A two to three order of magnitude increase in the strength 


of all materials at subfreezing temperatures


 Significant loss of stiffness occurs upon thawing of most 
soils tested


 Fines content and moisture content co-affect the resilient 
moduli of D-1 materials before and after the freeze-thaw 
cycle


 Under high initial moisture content there is not big 
difference of resilient moduli before and after the freeze-
thaw cycle with the increase of fines content. 
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Project Background
 Limitations on previous study 


 An open system was used in which the material has free 
access to water during the freezing process


 Represents worst scenario that a road structure could 
possibly experience


 Research needed: behavior of base course materials 
under other conditions
 Determine the critical excess fines content (i.e. threshold 


fines content) allowed in the unbound base course


 Determine the situations when AKDOT&PF can relax 
stabilized base policies and/or reduce costs by allowing 
more fines in base layers for highway construction 
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Study Objectives


 Evaluate financial impact of allowable fines in the unbound 
pavement layers, 


 Help to determine the situations when AKDOT&PF can 
relax stabilized base policies and/or reduce costs by 
allowing more fines in base layers for highway 
construction. 


 Further investigate the impact of fines content when frozen 
under different temperature gradients and with limited 
water access
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Summary from Results so far


 Moisture content was the factor that most 
affected the resilient modulus of soils.


 Resilient modulus increases with confining stress 
and decreases with shear stress.


 Resilient modulus increased after a freeze-thaw 
cycle. Thermal gradients also influence MR.


 Soils with 8% fines contents have the best overall 
performance in the closed system tests. (Be 
careful, fines contained no clay)
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Use of the Micro-Deval Test for Assessing 
Alaska Aggregates


 Tests for properly 
characterizing aggregate 
durability are critical


 AKDOT&PF adopts LA 
abrasion and Washington 
degradation tests


 Investigate whether the 
Micro-Deval test can be a 
better alternative to the 
current abrasion and 
degradation tests 
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Micro-Deval Tests
 16 aggregates 


from three 
regions of 
Alaska


 Conducted and 
compared Micro-
Deval, LA 
abrasion, 
sodium sulfate, 
and Washington 
degradation 
tests
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Micro-Deval Test


 Micro-Deval test data had lower values of the 
COV and SD than LA abrasion test


 Micro-Deval test was generally in high 
agreement with any other testing method


 A best correlation was found between the 
Micro-Deval and Washington degradation tests 


 A rapid, simple test, not “technician sensitive” 
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Pavement Preservation
 Extend the life of the pavement 


through a proactive program of minor 
activities


 Reconstruction Cost $10.50/sq.yd
 Preservation costs $1.80/sq.yd
 Properly timed, preservation 


improves performance at a lower 
lifecycle cost.
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Example Preservation Activities
 Seal Coats
 Chip
 Fog
 Slurry


 Thin overlays
 Mill and fill


22
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Project Outcomes
 Surveyed International Activities in 


Cold Regions
 Made Preservation recommendations 


for Alaska
 Developed Database for Alaska for 


Pavement Preservation
 DOT staff used to work with FHWA to 


revise definitions
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http://ine.uaf.edu/autc


Billy Connor, PE
Phone: 907-474-5552
Bgconnor@Alaska.edu
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State DOTs, Local Agencies, FHWA
APWA Chapters, ACPA, AEMA, ARRA, ARTBA‐BPA, 


FP2 Inc., IGGA, ISSA, NACE, NAPA
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SEC. 1103. DEFINITIONS.
(a) Definitions‐ Section 101(a) of title 23, United States Code, is amended—


‘‘(2) ASSET MANAGEMENT.—The term ‘asset  management’
means a strategic and systematic process of operating,
maintaining, and improving physical assets, with a focus 
on both engineering and economic analysis based upon 
quality information, to identify a structured sequence of 
maintenance, preservation, repair, rehabilitation, and 
replacement actions that will achieve and sustain a desired 
state of good repair over the lifecycle of the assets at 
minimum practicable cost.’’;


SEC. 1507. MAINTENANCE
Section 116 of title 23, United States Code, is amended—


(a) Definitions‐ In this section, the following definitions apply:
‘‘(2) PAVEMENT PRESERVATION PROGRAMS AND 


ACTIVITIES.— The term ‘pavement preservation 
programs and activities’ means programs and activities 
employing a network level, long-term strategy that 
enhances pavement performance by using an integrated, 
cost-effective set of practices that extend pavement life, 
improve safety, and meet road user expectations.’’;
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Transportation Performance ManagementTransportation Performance Management


Pavement Performance Measures 


States will be required to:


 Use measures to assess pavement condition for:


– Interstate System


– Non‐Interstate System NHS


 Utilize and maintain necessary data elements


 Meet minimum condition levels  established for 
Interstate pavements


 Set targets for each pavement measure


 Report biennially and  make significant progress 
towards its targets


Transportation Performance ManagementTransportation Performance Management


Implementation Schedule


Rulemaking


Planning & Target Setting


Reporting and Assessment


2014 2015 2016 2017 20182013
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Transportation Performance ManagementTransportation Performance Management


NPRM (Notice of Proposed Rulemaking) Status
NPRM Anticipated Publication Date


Highway Safety Program Grants 
(interim rule)


Published January 2013


Transit State of Good Repair and 
Safety Plan (ANPRM)


Published, closes 
January 2, 2014


Safety Performance Measures January 2014


Highway Safety Improvement 
Program


January 2014


Metropolitan and Statewide 
Planning


February 2014


Asset Management Plan February 2014


Pavement/Bridge Performance
Measures


March 2014


System Performance Measures May 2014


Social 
ResponsibilityEcologyEconomy


Sustainable Development


€$
%+


Sustainability means meeting present needs without compromising 
the ability of future generations to meet their needs. 
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Preservation Treatments Applied to HMA Pavements


Treatment Treatment Life (yr.) Life Extension (yr.)


Rejuvenator* NA 3 ‐ 6


Surface Sealer 0 ‐ 1 2 ‐ 4


Crack Sealing 3 ‐ 8 2 ‐ 4


Crack Filling 2 ‐ 4 1 ‐ 3


Slurry Seal 4 ‐ 5 3 ‐ 5


Micro Surfacing ‐ Single 3 – 6 3 ‐ 5


Micro Surfacing ‐ Double 4 ‐ 7 4 ‐ 6


Chip Seal ‐ Single 3 – 7 5 ‐ 6


Chip Seal ‐ Double 5 – 10 8 ‐ 10


Ultra‐thin Bonded Wearing 7 – 12 NA


Dense Graded Thin HMA 5 ‐ 12 NA


Open Graded Thin HMA 6 ‐ 12 NA


Hot In‐place Recycling 6 ‐ 10 NA


Cold In‐place Recycling 6 ‐ 10 NA


* Only certain rejuventors were considered 
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Treatment Quantities Life Ext.


Hot Mix AC 1½ inch 5-10 yr


HIR 1½ inch 5-10 yr


Chip Seal .44 gal - 38 lb/ yd2 3-6 yr 


Type II Slurry 16 lb/ yd2 3-5 yr


Crack Seal 1 lin ft/ yd2 1-3 yr


Crack Fill 2 lin ft/ yd2 1-2 yr


Fog Seal 0.10 gal/ yd2 1 yr


Process BTU/ yd2/ yr lb CO2/ yd2/ yr


Hot Mix (1½”) 4,660 – 9,320 0.9 - 1.8


HIR (1½”) 3,870 – 7,740 0.7 - 1.4


Chip Seal 1,170 – 2,340 .15 - .30


Slurry Seal 968 – 1,935 .10 - .20


Crack Seal 290 - 870 .05 - .14


Crack Fill 930 – 1,860 .13 - .25


Fog Seal 500 .07
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• Increase the understanding of pavement preservation 
as a viable and proactive approach for managing 
highways, roads and streets.


• Encourage and support all aspects of pavement 
preservation education and training. 


Purpose
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Pavement Preservation
Emulsion Task Force


GOALS
1. Develop improved pavement preservation 


specifications
2. Create surface graded emulsions
3. Establish new recovery methods
4. Identify better and more representative 


emulsion‐performance test methods


Pavement Preservation
Emulsion Task Force
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Materials
Performance
Management


Monitoring
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• Completed appraisals in 44 state DOTs


• Completed  appraisals of 
— Federal Lands Highway Division
— National Park Service
— U.S. Fish & Wildlife
— Major counties


• Posted database of appraisal findings


• Completed appraisals in 44 state DOTs


• Completed  appraisals of 
— Federal Lands Highway Division
— National Park Service
— U.S. Fish & Wildlife
— Major counties


• Posted database of appraisal findings
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www.pavementpreservation.org/survey
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Larry Galehouse, P.E., P.S.
Director
National Center for Pavement Preservation
2857 Jolly Road
Okemos, Michigan  48864
(517) 432-8220 • Fax: (517) 432-8223
email: galehou3@egr.msu.edu
www.pavementpreservation.org
www.tsp2.org
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Larry Galehouse, P.E., P.S. 
Director,  National Center for Pavement Preservation
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• Cable television bills have nearly tripled in the past 10 years
• Individual cell phone bill increased 31% since 2009
• Internet bills have risen 2.6 times faster than cost of living


Consumer Purchase Average Monthly  Bill


Cable Television $ 123


Cell Phone $   71


Internet $   50


Road Taxes $   21


• Nationwide average tax on gasoline is $0.49½ per gallon
• Average annual miles per vehicle 12,334 miles per year
• National average fuel economy is 24 mpg.
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Preservation Treatments Applied to HMA Pavements


Treatment Treatment Life (yr.) Life Extension (yr.)


Rejuvenator* NA 3 ‐ 6


Surface Sealer 0 ‐ 1 2 ‐ 4


Crack Sealing 3 ‐ 8 2 ‐ 4


Crack Filling 2 ‐ 4 1 ‐ 3


Slurry Seal 4 ‐ 5 3 ‐ 5


Micro Surfacing ‐ Single 3 – 6 3 ‐ 5


Micro Surfacing ‐ Double 4 ‐ 7 4 ‐ 6


Chip Seal ‐ Single 3 – 7 5 ‐ 6


Chip Seal ‐ Double 5 – 10 8 ‐ 10


Ultra‐thin Bonded Wearing 7 – 12 NA


Dense Graded Thin HMA 5 ‐ 12 NA


Open Graded Thin HMA 6 ‐ 12 NA


Hot In‐place Recycling 6 ‐ 10 NA


Cold In‐place Recycling 6 ‐ 10 NA


* Only certain rejuventors were considered 


Treatment
Good 


Condition
(PCI=80)


Fair 
Condition


(PCI=60)


Poor 
Condition


(PCI=40)


Crack Fill 1 ‐ 3 0 ‐ 2 0


Crack Seal 2 ‐ 4 1 ‐ 3 0


Fog Seal 2 ‐ 4 0 ‐ 1 0


Chip Seal 5 ‐ 6 3 ‐ 5 0 ‐ 3


Micro‐Surfacing 4 – 6 3 ‐ 5 1 ‐ 4


Thin HMA 4 ‐ 10 3 ‐ 7 2 ‐ 4
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20151050


Very Poor


0 Failed


Poor


Fair


Good


Excellent100


Terminal Threshold
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PMS Data Point


Very
Good


Good


Fair


Poor


Very
Poor


Time (Years)


PMS Data PointPMS Data Point


Measured Life ExtensionMeasured Life Extension


Simply stated it is the:
“right” treatment on the
“right” road at the 
“right” time by the
“right” people
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• Other potential criteria


– Availability of qualified contractors


– Availability of materials


– Time (of year) of construction


– Pavement noise


– Facility downtime


– Surface friction
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Conditions Addressed
• Oxidation
• Maltine Replenishment
• Moisture Infiltration


100


0


50


100 ‐ 85


IRI <95


Limitations
• Initial Low Skid


Costs (yd2)
$0.80 – 0.95
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Conditions Addressed
• Oxidation
• Asphalt Film Thickness
• Initial Raveling
• Moisture Infiltration


100


0


50


95 ‐ 75


IRI <95


Limitations
• Initial Low Skid


Costs (yd2)
$0.25 – 0.45
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Conditions Addressed
• Water Infiltration
• Incompressibles


Primary Working Cracks
• Transverse cracking
• Reflective cracking


100


0


50


95 ‐ 80


IRI <95


Limitations
• Must have Clean & Dry 


Reservoir


Costs (yd2)
$0.55 – .90
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Conditions Addressed
• Water Infiltration
• Incompressibles


Non‐Working Cracks
Secondary Cracks 


• Longitudinal cracking
• Minor block cracking


100


0


50


90 ‐ 75


IRI <95


Limitations
• Potential Hot Weather 


Tracking


Costs (yd2)
$0.55 – .90
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Conditions Addressed
• Moisture Infiltration
• Longitudinal cracking
• Transverse cracking
• Raveling
• Friction Loss


100


0


50


85 ‐ 70


IRI <95


Limitations
• Opening to Traffic 


Dependent on Set‐Time


Costs (yd2)
$1.75 – 2.50
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Conditions Addressed
• Moisture Infiltration
• Longitudinal cracking
• Transverse cracking
• Raveling
• Friction Loss
• Bleeding
• Rutting


100


0


50


85 ‐ 70


IRI <95
Limitations


• Mixture subject to 
reflective cracking


Costs (yd2)
$2.00 – 5.00
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Conditions Addressed
• Moisture Infiltration
• Longitudinal cracking
• Transverse cracking
• Block cracking
• Friction Loss
• Bleeding


100


0


50


85 ‐ 70


IRI <95
Limitations


• Longer set time


Costs (yd2)
$1.50 – 2.50
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Conditions Addressed
• Longitudinal cracking
• Transverse cracking
• Block cracking
• Raveling
• Friction Loss
• Bleeding
• Roughness


100


0


50


85 ‐ 65


IRI <95


Costs (yd2)
$10 – $14


Limitations
• Cost
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Conditions Addressed
• Longitudinal cracking
• Transverse cracking
• Block cracking
• Raveling
• Friction Loss
• Bleeding
• Ride
• Splash/Spray (OGFC)


100


0


50


80 ‐ 60


IRI <120


Costs (yd2)
$6 – $8


Limitations
• Cost
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Conditions Addressed
• Longitudinal cracking
• Transverse cracking
• Block cracking
• Raveling
• Friction Loss
• Bleeding
• Ride
• Corrugation


100


0


50


80 ‐ 65


IRI <170


Costs (yd2)
$1.60 – 2.60


Requires Forensics of 
Existing Pavement
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Conditions Addressed
• Longitudinal cracking
• Transverse cracking
• Block cracking
• Raveling
• Friction Loss
• Bleeding
• Ride
• Corrugation
• Rutting


100


0


50


75 ‐ 60


IRI <190


Costs (yd2)
$8 – $14


Requires Forensics of 
Existing Pavement


Please visit us on the web at www.pavementpreservation.org


Larry Galehouse, P.E., P.S.
Director
National Center for Pavement Preservation
2857 Jolly Road
Okemos, Michigan  48864
(517) 432-8220 • Fax: (517) 432-8223
email: galehou3@egr.msu.edu
www.pavementpreservation.org
www.tsp2.org
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Pavement Maintenance


•Repairing pavements for 
Roadways and Airports


• By: Greg Sharp


Over View


• Short Crack Sealing Discussion


• 3 Different Approaches to Fixing 
Pavement Distresses:


• Hot Applied Mastics 


• Spray Patching 


• Cold Mix
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Why Crack Treatment?


“Cracks are inevitable, and neglect 
leads to accelerated cracking and 


potholing, further reducing 
pavement serviceability.”  


(FHWA-RD-99-147)


WADOT Chip Seal Survey


(one year performance - hot-pour sealant)


•Unsealed cracks 98% reflective 
cracking


•Sealed cracks only 2% reflective 
cracking
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Crack type- fatigue


Same street- slurry seal 
treatment two years later
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Crack Sealing
Things to Know


• Pavement must be clean and dry.


• Pavement must sound.


• Pavement temperature needs to be 40 degrees and 
rising.


• If not than a hot air lance should be used.


• Choose the right sealant.


• Crack sealant is effective when the crack is at least 
1/8” but no more than 1 ½” wide.


• What kind of treatment are we doing, using a 
squeegee, a disk, a joint tip?


• Are we going to rout the cracks?


Proper Sealant Selection
LTPPBIND
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Choosing the Correct Sealant


Temperature 


Performance


Limits
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Correctly Applying Crack 
Sealant 


Routing
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Routing


• Rout at least 1/8” from 
each edge of the crack.


• Keep router centered 
over the crack.


• Reduce spalling by using 
as many cutters as 
possible .


• Keep cut clean by not 
using worn cutters.


Advantages of Routing


• Cut away oxidized asphalt to get to good solid 
pavement for a better bond.


• Creates reservoir (pocket) to get more 
sealant in the crack for better expansion and 
contraction.


• More sealant in the crack and out of the 
wheel paths, protecting it from wear.
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Advantages of Routing


• Maximizes Sealant Life:


• 2-4 Years service life with a band aid 
configuration.


• 5-8 Years service life in a routed crack


• We have seen more than 10 years of service 
with crack sealing in a routed crack.


ROUT SIZE 
RECCOMENDATIONS
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POLYPATCH


PolyPatch: What is it?


• Hot-applied, pourable, self-
adhesive patching material


• has no voids 


• requires no compaction.


• Specially designed to fulfill demand 
for a cost-effective, high 
performance pavement repair 
product 


• Used to remediate distressed areas 
between those areas that are 
typically crack sealed and those 
that require permanent patching 
procedures. 
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PolyPatch
… asphalt binder for crack sealing


Many types of distresses need to 
be repaired.


Standard Crack 
treatments will not 
address all the 
defects.


Remove and 
replace is costly 
and time 
consuming
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Polymer Binder / 
Aggregate Blends


Advantages


• No Voids


• No Compaction


• 100% Seal the Surface


• Thin lift up to several 
inches


• Fast Set Time


• Good Skid Properties


Distressed Area Repairs


• Badly cracked pavement is a problem for thin 
surface treatments.


• The defects will quickly reflect through.
• Polymer Binder / Aggregate Blends mend the 


cracks, seal and bond the pavement together.
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Repair Using Polymer 
Binder Aggregate Blends


Prep the surface


• Clean 


• DRY


• Pour the material 


• Can not pump this 
material.


• Spread with a lute


• Cover the complete 
area of the defect.


Repair Using Polymer Binder 
Aggregate Blends
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• Use a torch  and an 
ironing tool to seal 
the edges tight and 
correct any mistakes.


Repair Using Polymer 
Binder Aggregate Blends


Repair Using Polymer 
Binder Aggregate Blends
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Conventional Repair vs
Remove & Replace Repairs


R&R Repair Poly Patch Repair


3" Base + 1.5" Wear Course 1/2" Surface Wear Course


5 Labor 2 Labor


Saw Patcher Melter


Backhoe 1 Small Truck


2 Dump Trucks


Roller


65 Sq Yds/ Day 165 Sg Yds/ Day


$48.00 /Yd $31.00 / YD


Versatile Uses – Large Cracks


Cracks that are too large for 
standard sealants can be 
repaired.
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Too Big for Traditional Crack 
Seal


Versatile Uses – Elevation 
Corrections


• With the ability to feather 
these materials you can 
correct elevations to 
create a smooth ride. 







2/19/2014


16


Versatile Uses – BIRD 
BATHS


Versatile Uses – Large 
Cracks


• Sunken Utility cuts can be leveled and sealed in 
one quick repair.
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Advantages of Repairing Using Polymer 
Binder Aggregate Blends


• Less traffic disruption
• Reduces preparation 


work required 
• No large equipment 


required like remove & 
replace repairs.


Backhoe, Roller, Paver, 
Trucks…


• Less Labor Required
• Opens to traffic in 


minutes.


• 100% sealed repair
• Water is what make the 


base soft.  Seal out the 
water and the base will 
stay firm. 


• Thin applications can be 
used without desalination 
issues.


• Wide and Deep repairs 
can be made with the 
same material and 
equipment.


• Good skid resistance


• Improves the 
performance of the thin 
surface treatment


Thank  you


Questions?
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Magnum Model 
P/N 91000


•Local Chip Seal Aggregate
•Local Emulsified Asphalt


Materials
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• Traffic Compaction


• No mechanical compaction required, 
rolling optional


• Up to 7 tons per hour application


• Less than one minute to repair pothole 
for traffic


• Can be used in damp conditions


• Forgiving process to environmental 
conditions 


Benefits


• Low, medium and high severity asphalt repairs 
of all nature


Solution For:
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Usage:
Medium-High Severity Alligator Cracking


Before


After


Potholes
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Shoulder Repairs


Manholes
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Application:
Step 1 Blow Out


High Velocity Air Removes Dirt,
Loose Pavement, Water
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Application: Step 2 
Tack


Adhesion
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Coated mix is applied under force
from bottom up creating


compaction


Application: 
Step 3 Fill and 


Compact
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COLD PATCH


What Is Cold Patch?


• A plant produced cold mix which is a  blend of 
quality construction aggregate and liquid 
cutback asphalt cement that is used for patching 
both asphalt and concrete pavements 


• Cold patch, also known as cold mix, was first 
recognized as a way to make road repairs quickly 
because it can be applied right from the 
container without heating 
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Basic Components
• Performance Grade Liquid cutback 


AC 


• High Performance Anti-Strip


• Top Quality Aggregate


Washed Aggregate


• Aggregate- most 
important!!!


• Must be fractured or 
crushed


• 5/16’s minus


• Tested and 
approved by quality 
control lab before 
mixing.
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Why?
• Cold mix does not require 


any special heavy rolling 
machines or special 
applicators as it can be 
shoveled or poured into a 
pothole or utility cut and 
tamped down with a hand 
tool.


• It can be used for 
emergency repairs or for 
temporary repairs.


• Opens to traffic 
immediately


• Convenient and easy!!!


What Types of Cold Mix?


CTemporary repairs
3/8” aggregate/ fines


• Packaging
Bags 45lb or 60lb
Bulk / Ton


• Uses:
Trench Plates
Utility cuts
Curb build up


• old Patch(SC800)
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Permanent Patch


– Permanent repairs


– Aggregate 5/16” 
crushed washed no 
fines


• Packaging


• 50 lb bag, Bulk / 
Ton


Manufacturing


Batch Plant
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• Trained personnel 
provide “on-site” 
supervision of each 
production run


Supervised


Work well in a variety of 
climates.







2/19/2014


30


What makes Cold Mix Work?


• Air


• Compaction, (Traffic)


Pot Hole can be Wet or Dry 
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Fill Pot Hole and Level 
Apply in 2” lifts


Hand Tamp or Wheel Roll
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Open to Traffic


Permanent Repair!
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Unique Characteristics of High 
Performance Cold Mix


• They can be installed in a wet pot hole- will 
displace the water.


• They require minimal preparation
• They requires no tack coat
• They are guaranteed to perform as long as 


the surrounding pavement  is sound.


LIMITATIONS


• Need confined vertical edges. They don’t 
perform well in a bowl shaped pothole.


• Surrounding pavement must be in good 
condition.


• Constant water underneath will strip 
away additives.
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Questions?
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 Research and Evaluation
 Innovation in Materials 
 Innovation in Application Equipment
 Pavements Selection
 Materials Selection
 Tack Coats
 Thinking Outside the Box
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 Foundation for Pavement Preservation’s 
“Spray Applied Polymer Surface Seals” 2007 
Lessons Learned Workbook.


 US Army Corp of Engineers “Runway 
Preservations Systems” Study


 DOD Comprehensive Evaluation, ONR, 
NAVFAC


 Many Other State and Private industry 
Materials Research and Evaluations  Projects


 Conclusions of this study state:
 “Field observations all confirmed that a 


defined application strategy of fog seals is a 
cost-effective tool for pavement preservation.”


 “Fog sealing decreased friction, but original 
skid resistance returned over time. Sanding 
after application increased the friction levels 
significantly.”


 “The sealers were generally inexpensive and 
yet effective in providing protection to 
pavements and prolonging service life.”
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 “an effective pavement sealer that can be used 
as an effective preventive maintenance 
technique”


 Best material tested for retaining aggregate 
 Most effective material tested at preventing 


aging in asphalt Marshall specimens
 “did not change (harden) with aging”
 “a major benefit in regards to durability”
Source: “Evaluation of Runway Preservation System “, J. Kent Newman, PhD, Army Corp Eng, 


WES, Research and Development Center


 Greater than 75% of asphalt pavement distresses on 
DOD airfields are due to environmental causes 
(weathering); the leading cause of increased 
maintenance costs and foreign object debris (FOD). 
With aggressive early asphalt preventative 
maintenance these costs could be significantly reduced 
and pavement readiness increased.


 Review of the MicroPAVER data from these airfields 
indicates application of some materials significantly 
reduced the rate of pavement deterioration. In some 
cases, the useable life of the treated airfield pavement 
doubled.
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 Penetrating/Rejuvenating Sealers
 Faster Break and Cure Times
 Longer Lasting Modified Materials
 New (non coal tar) Fuel Resistant Sealers
 Cold Weather Materials Development
 Construction Joint Treatments 
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 Troubled New Pavements.
 Airfield Pavements. 
 Grooved Airfield Runways.
 PFC’s (porous friction courses) Runways.
 Mainline Roadways with good surface texture.
 Rural or Residential Surface Streets. 
 Shoulders, Especially those with Rumble 


Strips.
 Chip Seals, Slurry Seals and Micro’s as They 


Age.


BEFORE TREATMENT AFTER TREATMENT
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13 YEAR OLD PFC 1 DAY 
AFTER TREATMENT 


17 YEAR OLD PFC 4 
YEARS LATER
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 Safety First.
 Performance History on the Product.
 Weather During Application.
 Goals to be Achieved From Treatment.
 Traffic Volumes and Activities.
 Cost. 
 Product Availability.
 Project and Application Support.


PENETRATING SEALER SURFACE COATING
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 Studies Have Been Done.
 Specs Need to Be Reviewed.
 Field Inspections Need to Improve.
 Surface to be Tack Treated Should be 


Considered.
 Milled Surfaces Show a Good Bond or Bad 


Bond form Prior Tack Coats.  


 Thin Film Treatments are Very 
Environmentally Sound.


 Seek Information From Local Suppliers About 
Their Products and There Best Uses.


 Don’t Assume That A Problem Can’t be Solved 
With a Specialty Liquid Application.


 Give Suppliers a Chance to Demo New 
Products.


 Attend Workshops and AEMA Meetings 
Whenever Possible.        
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An Introduction to
Modified Asphalt Binders


Presented by:


Alaskan Asphalt Pavement Summit  
Anchorage, AK – Nov, 2013


Modified Asphalt Binders


The Basics covered include:


 Background


 Chemistry


 Polymer modification


 Modified Emulsions


 Handling


 Lay down


 Field Experience


 Testing for Modified


 Testing to AASHTO M320


 Rheology Basics
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Outline


• Introduction to Asphalt Modification


• Polymer Chemistry/Modifier Basics


• Polymer Compatibility/Dispersion in Asphalt


• PMA Storage and Mixing/Compaction Temps


• PMA Benefits – AI Study


• Superpave M320 “Plus” Testing and MSCR


Reasons for Asphalt Modification
 The perception that asphalt cement has changed since 


the 1970's.


 Traffic factors have increased: including heavier loads, 
higher volumes and radial tires with higher tire pressures. 
(Twofold increase in truck traffic from 1974-1989.)


 Deferred maintenance because of funding shortages.


 Higher costs have created a tendency to construct 
thinner pavements, thus reducing the service life of the 
pavement.


 To meet new Superpave design specifications.
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Useful Temperature Interval


• Maximum to Minimum temperature range 
where the binder is expected to perform 
properly.


• Often referred to as the ‘True Grade’ or 
“Continuous Grade” of the binder.


• The Rule of ’92’.


Useful Temperature Interval  (UTI)
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Distresses in Asphalt 
Pavements


• High Temperature Permanent Deformation


• Low Temperature Thermal Cracking


• Load-Associated Fatigue Cracking


• Aging


• Stripping


High Temperature Permanent 
Deformation (Rutting)


• Rutting is caused by the accumulated plastic 
deformation (flow) in the asphalt mixture with 
repeated application of loads at upper pavement 
service temperatures.


• Rutting is predominantly influenced by the 
aggregate and mix design.


• Modifiers can stiffen the binder and provide a 
more elastic material.







5


Low Temperature Thermal Cracking


• Thermal shrinkage cracking results from either a single 
thermal cycle where the temperature reaches a critical 
low temperature (Single Event Thermal Cracking) or 
from thermal cycling above the critical low temperature 
(Thermal Fatigue).


• Low Temperature Thermal Cracking is 
predominantly influenced by the binder properties.


• Modifiers can improve the low temperature flexibility 
of the mixture.


Viscoelastic Behavior –
Asphalt vs SBR Polymer Film


• G* = f(T) = res. to deform.


• Asphalt
 High G* at low T – brittle


 Low G* at high T – viscous 


 G*(80oC – 20oC) = 1000x


 SBR Polymer
 Lower G* at low T – flexible


 Higher G* at high T – elastic


 G*(80oC – 20oC) = 10x1.E+03


1.E+04


1.E+05


1.E+06
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What are Polymers?


• Comprised of many small molecules
– Poly = many
– Monomers = small molecules or repeat units


• Monomers chemically react       larger molecules
– Water-based polymers – latex form (SBR)
– Solvent-based polymers – pellets, bale (SB-,SBS)


• Properties are determined by:
– Types and sequence of monomers
– Molecular weight


Typical Monomers


C C


C C


H


H


H


H


H


H


Styrene
Mw ~ 104 g/mol


Butadiene
Mw ~ 54 g/mol


C C


H H


H


H


HH


H


H
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Polymers for Asphalt  Modification


• Elastomer – Styrene-Butadiene Rubber - SBR


– Latex form – polymer particles dispersed in water


– Random monomer addition – typ. 75/25 BD/styrene


– High molecular weight – 1,000,000 g/mole 


• 13,900 BD “mers”, 2400 styrene “mers”


– Broad distribution – chains many different lengths


• Thermoplastic Elastomers


– Styrene-BD-Styrene block copolymer – SB-, SBS


– Monomers blocked in polymer backbone


 Typically 70/30 BD/styrene


– Lower molecular weight – 100,000 g/mole 


 1300 BD “mers”, 288 styrene “mers”


– Narrow distribution – all chains similar length


Polymers for Asphalt Modification
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• Thermoplastic 


– Ethylene vinyl acetate (EVA) resin


– Vinyl acetate content ~ 20% to 40%


 Low Tg, high melt temp due to crystallinity


• Thermoset


– Ground tire rubber (GTR)


– Mixtures of E-SBR, S-SBR, PBd, natural rubber 


 Depends on tire component 


 Tread, sidewall, innerliner (halobutyl),…


Polymers for Asphalt Modification


Chemical Modification


• Polyphosphoric Acid (PPA)


• Air Blown or catalytically blown.


• Others
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Polyphosphoric Acid (PPA)


• PPA Chemical Attributes
– Different from Orthophosphoric acid


– No Free Water


• 105% and 115% most common 


• Increases asphalt stiffness, improves rutting resistance, 
expands PG range to meet Superpave specs


• Does not affect low-temperature grading


• Modification does NOT involve oxidation and actually slows it down


• Retards binder aging


O H


O


O OP


O


H O


H O P


O


O H


O HP
X


Morphology of Polymer Modified 
Asphalt Cements


The polymer is a separate phase 
dispersed in the asphalt. (~1-5 wt% 
polymer) This is the most commonly 
observed system.


The asphalt is dispersed in the polymer 
phase. This usually happens at  much 
higher loadings of polymer ~>7 wt%.
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Physical and Chemical 
Polymer Networks


The polymer can form a network in the 
asphalt through physical entanglements.
This behavior gives the polymer-modified
asphalt more elastic behavior.  An 
example of this would be a PMA with a 
high % of block polymers.


The polymer can be chemically 
bonded to certain functionalities on the 
asphalt molecule.


Elvaloy (+PPA)
Reactive Elastomeric Terpolymer
(RET)


Separation


• My asphalt has waxes, asphaltenes, metals, 
salts, etc., yet it stays together. Why do my 
polymers separate?


• Because Flory-Huggins says so!


Gmix = Hmix – TSmix


Gmix/RT = (A/XA)lnA + (B/XB)lnB + ABAB


• where


• AB RT
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Solubility Parameters


Saturates


Cyclics


Aromatics


Resins


Asphaltenes


EVA


PET


Nylon


PE


Separation Test


• Use to measure the separation of polymer from the 
asphalt.


• 50 grams, toothpaste tube, upright for 48 hours at 
163C.


• Remove from oven, quench, run test on top third and 
bottom third of container.


– G* or viscosity


– G*/sin delta 


– Phase Angle


– Softening Point
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Separation Test


Vertical tube held at elevated temperature


Source Koch Materials


Microscopy of Various Types of 
Systems


• There are numerous methods used to define the 
macro relationships of modified asphalt systems.


• These tests are more subjective than objective, 
but provide a clear visual indication of 
compatibility.
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Fluorescence Microscopy


Optical reflective fluorescence photomicrograph of a
swollen polymer-asphalt blend.


Initial Dispersion of Polymer in Asphalt


Fluorescence Microscopy


Fully Cured Polymer in Asphalt
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“Dispersion” in Asphalt


• What is the appropriate scale?


• Millimeter scale – visible particles


• Micrometer scale – HMAC film thickness


• Nanometer scale – molecular size


• Working Premise – to truly be considered a 
binder modifier, the modifier must disperse at 
approximately the scale of HMAC film thickness 
and behave more as a liquid than as a solid at 
mixing and compaction temperatures.


Mix & Compaction 
Temperatures


• Current practice is 
to follow supplier 
recommendations


• NAPA & Asphalt 
Institute use 
EC101
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General Guidelines for Storage 
and Mixing Temperatures


PG Binder Storage Temperature   Mixing Temperature
(oF) (oF)


64-22 285-315 265-320


70-22 300-325 280-330


76-22 315-340 285-335


Extended Storage    <275oF


Source: EC-101


• Titled “PMA for Enhancing HMA Performance”
• Two objectives:


– Quantify the effect of using PMA as compared 
to conventional mixtures in terms of 
increasing pavement life and reducing the 
occurrence of surface distress.


– Identify the conditions or site features (for 
example, traffic levels, layer thickness, 
climate, etc..) that maximize the effect of PMA 
on performance


Asphalt Institute Study
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*Harold von Quintus, “Polymer-Modified Asphalts- Enhancing HMA Performance,”
AMAP Annual Meeting, February 10, 2004


Polymer Modified HMA shows a substantially lower 
Rut Depth and less % Fatigue Cracking


Modified versus Unmodified 
Performance


*Harold von Quintus, “Polymer-Modified Asphalts- Enhancing HMA Performance,”
AMAP Annual Meeting, February 10, 2004


Expected Service Life Increase for 
a 20-year Design*
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High Temperature Performance
I-80, Nevada  (FHWA)


• Same gradation - different binders.


PG 64-22 modified 
No rutting TG63


PG 64-22 unmodified 
15mm of rutting TG67


Superpave Binder Specification
AASHTO M320


Framework was developed as part of the Strategic 
Highway Research Program (SHRP). Initially 
released as AASHTO MP1


Performance-based specification for the purchase of 
asphalt binders used in hot-mix asphalt.


Measure of the rheological properties of the binders 
over a wide range of temperatures, loading, and 
aging conditions.







18


Background:
Pre-Superpave Shortcomings


• Viscosity Grading
– Viscous effects only


• Penetration Grading
– Empirical measure of viscous & elastic 


effects
• No low-temperature properties measured
• No consideration of long term aging
• Problems with modified asphalt 


characterization 
• Specification proliferation


Superpave Binder Equipment


Fatigue
CrackingRutting


PAV - aging


RTFO - aging 
No aging 


Pavement Age


Construction


[RV] [DSR]


Low Temp
Cracking


[BBR]


[DTT]
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Empirical Tests for Binders
All used to identify “qualities” of specific modified asphalt 
binders


•Forced Ductility
•Elastic Recovery
•Toughness & Tenacity


All have a non-uniform stress/strain relationship which make it 
impossible for true comparisons or understanding of 
engineering material properties.


Specification proliferation has become a costly problem.
- Many different procedures, temperatures, and loading times are used 
across the Country.  
- The same tank is tested for all required procedures.
- Forced to formulate to the most difficult procedure


Forced Ductility & Elastic Recovery
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Toughness & Tenacity


Elongation


S
tr


es
s


TNT


Polymer Modified Asphalt Straight
Run
Asphalt
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Typical “Plus” Results for Mod. Binder


• Forced Ductility Ratio, Spec. 0.30-0.35 min. 
– Break stress / Maximum stress at 4C


• Elastic Recovery, Spec. 65-75% minimum. 
– Pull 10/20cm, wait/no wait 5 mins, cut, measure 


recovery after 60 mins, test at 10C or 25C, 
original or RTFO residue


• Toughness, 110 in-lbf min
Tenacity, 75 in-lbf min 
T&T is normally specified for SBR.- in-lbf or N-m at 25C


Example - PG76-22


MSCR (TP 70) vs. Modulus


Modulus


Stress
• G     =  ---------


Strain


Compliance


Strain
• J      =  ---------


Stress
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Multiple Stress Creep Recovery


• MSCR Identifies beneficial elastic properties.


– Rutting Performance
• Direct measure of Non Recoverable Compliance


• Goal is quantify the non-linear performance of the 
binder to predict Rutting Performance. (Jnr)


– % Recovery Performance
• Direct measure of Recoverable Compliance


• Goal is investigate differences in linear & non-
linear performance of the binder (% Difference)


Relationship: Compliance to Rut Depth
MN Road


Excerpts from D’Angelo & Dongre’







24


Relationship: Compliance to Rut Depth
Miss DOT


Excerpts from D’Angelo & Dongre’


MSCR Testing Specification


Excerpts from D’Angelo & Dongre’
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Example of a Newtonian Material
Neat binder PG64-28 tested to MSCR at 64oC


Jnr3200


Jnr100


Example of a Visco-Elastic Binder
Modified binder PG70-28 tested to MSCR at 70oC


100Pa


3200Pa


Jnr3200


Jnr100
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Visit our website…


www.modifiedasphalt.org


• Contact AMAP directly by:
• Phone:  (314) 843-2627 
• E-mail:  amap@sbcglobal.net


Contributors:
• Gaylon Baumgardner (601) 933-3217
• Paragon Technical Services Gaylon.Baumgardner@ptsilab.com


• John Casola (973) 740-1534
Malvern Instruments John.Casola@malvern.com


• Ron Corun (410) 952-4020
NuStar Asphalt Refining Ronald.Corun@nustarenergy.com


• Bob Kluttz (281) 676-2426
Kraton Polymers Bob.Kluttz@kraton.com


• Laurand Lewandowski (813) 621-5777
PRI Asphalt Technology LLewandowski@priasphalt.com 


• Henry Romagosa (801) 274-0955 
• ICL Performance Products Henry.Romagosa@icl-pplp.com


• Chris Lubbers (936) 524-9262
Kraton Polymers Chris.Lubbers@kraton.com





