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Local Highway Technical Assistance Council

October 2015

Jeff R. Miles, P.E.
Administrator
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Overview
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 LHTAC Grant Program
 Local Rural Highway Investment Grant 

(no Federal‐aid rules)

 Federal‐aid Programs
 Local Rural
 Local Urban
 Safety
 Federal Lands Access
 Emergency Relief

 Local Sources
 Highway Distribution Account

▪ New H312 Revenue

 Local property taxes and levies

 Cost Effective, High Quality, Durable
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 Always consider 
alternatives to pre‐
patching and crack 
filling

 Recycled Base

$1.00 ~ $2.00 SY

 Partial depth reclamation

 Fiber reinforcement

 Pavement Edge Slope
 3x Nominal Aggregate 
size

 For all projects consider commonly 
available base stock

 58‐28, 64‐22

 Understand Design

 LTTP Bind

 Anti‐Strip
 Warm Mix

 Evotherm –M

 LOF 65‐00

 Foaming
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 Consider strategies to lower cost when 
working in remote or smaller entities

▪ Mix design costs vs. available design

▪ Time for mix design

▪ Existing road condition
▪ Good condition

▪ Patch existing

▪ Crack sealing

▪ Recycled base

▪ Partial depth reclamation

 Training for inspection and 
construction staff

 Through LHTAC T2 Center

 Idaho AGC

 On the job 
training
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 Ola Highway, Gem County

 Overlay

 Limited Recycled Asphalt Base Stabilization

 Partial Full Depth Reconstruction

½” SP‐2 , PG 64‐28
45% RAP
0.5 Anti‐Strip
5.3% asphalt 
0.15’ single lift
Compaction temp 326 ‐ 303
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 Acts as an anti‐strip
 Lowers compaction 
temperature between 
30 and 60 degrees

 Added approximately 
$3.60 per ton

 Heat cost savings



10/23/2015

8

 Yale Road, Burley HD

 2.14 mile reconstruction and realignment

½” SP‐2 , PG 58‐28 WMA
28% RAP
0.56 Evotherm
5.7% asphalt 
0.33’  in 2 courses
Compaction temp 245‐253
Haul 20 miles
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 When designing local roadway paving 
consider efficiencies to minimize cost.

 Warm mix will have a positive impact 
in many cases. 

 Overlays with crack seal

 Long haul

 Replace anti‐strip

 Workability



10/23/2015

10



10/23/2015

1

Tack Coat Best Practices
FHWA Cooperative Agreement Subtask

Idaho Asphalt Conference

October 22, 2015

2014 – Pilot, VA 
Completed (25)
Scheduled (19)
Requested (6)
Have not Requested (3)

Tack Coat Workshops

As of September 2015
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Far too frequent practices.



10/23/2015

3

• To promote the bond between pavement 
layers.

• To prevent slippage between pavement layers.

• Vital for structural performance of the 
pavement. 

• All layers working together.

Importance of Tack Coats

5

Why do we use 
Tack Coats?

½” Deflection,
60# Load

¼” Deflection, 
160# Load

Fully BondedUnbonded

Bonded Demonstration



10/23/2015

4

• Two bonded layers had 
less deflection than five 
unbonded (60#).

• Five bonded layer 
deflected half as much 
as five unbonded with 
267% greater loading 
(60# vs. 160#).

• Up to 5 sheets (layers)

• 48” x 4” x 11/32”

• 60, 100, or 160 pound 
loadings

• Various Bonding 
Configurations

Bonded Demonstration Highlights 

Courtesy of Rich May

Tension

Stress Distribution

Soil Subgrade

Aggregate Base

Shear Transfer?

Pavement Behavior

Compression

Load Distributed by Tire
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Unbonded

0 50 100 150 200‐50‐100‐150‐200

0 50 100 150 200‐50‐100‐150‐200

Bonded
HORIZONTAL MICROSTRAIN

compression

compression

tension

tension

HORIZONTAL MICROSTRAIN

Consequences of Debonding

Courtesy of NCAT

• Layer independence
• Reduced fatigue life

• Increased rutting

• Slippage

• Shoving

• Compaction difficulty

Consequences of Poor Bonding

Direction of traffic?
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• May and King:
• 10% bond loss = 50% less fatigue life

• Roffe and Chaignon
• No bond = 60% loss of life

• Brown and Brunton
• No Bond = 75% loss of life
• 30% bond loss = 70% loss of life

Loss of Fatigue Life Examples

8 – 10 years (est.) Interstate Pavement

Courtesy of MODOT
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Cores Showing Debonding

Bonding 
Failures

Courtesy of MODOT

Cost of Tack Coat
•New or Reconstruction

• About 0.1‐0.2% of Project Total
• About 1.0‐1.5% of Pavement Total Cost

•Mill and Overlay
• About 1.0‐2.0% of Project Total
• About 1.0‐2.5% of Pavement Total Cost

So is it worth it to apply a tack coat?
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• Assume no inflation for materials

• Estimated traffic control

• Used project plans for thicknesses

• Used bid tabs for:
• Milling

• Material costs

• Replaced pavement markings

Estimated Cost of Bond Failure in Only the Top Lift

30‐100% of Original
Pavement Costs

• Contractor
• Application Rate

• Consistency of Application

• Tack Coat Pickup or Tracking By Vehicles

• Traction for Construction Equipment

• Breaking/Setting Time

• Agency
• Acceptance 

• Dilution?

• Application Measurement

• Bond Quality

• Tort Claims

Tack Coat Challenges
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• Surfaces need to be clean and dry.
•Uniform application.

•All surfaces are tacked.
• Tack should not be tracked off the road.

Best Practices

• Match application to 
conditions.

• Materials

• Residual rate

• Verify application rate.
• Resist tacking too far 
ahead of paver.

Best Practices



10/23/2015

10

• Liquid temperature
• Monitor and match to material

•Calibrate distributor truck
• Spray bar height
• Spray bar pressure 
• Nozzle angle 
• Nozzle selection
• Thermometers
• Volumeter

Distributor Truck Setup

• There are three primary methods of 
determining field application rates.

• Determination by volume.
• Determination by weight or mass.
• Determination by direct measurement, 
ASTM D2995

Calculating field application rates
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•Dilution rates are critical in determining 
final application rates.

• Temperature is important in determining 
accurate volumetric rates.

Critical elements in determining application rates

Ԭ	@݁݉ݑ݈݋ܸ ൈ ௩௔௟௨௘ܯ ൌ 60Ԭ	ܸ݈݋.	

Ԩ	@݁݉ݑ݈݋ܸ ൈ ௩௔௟௨௘ܯ ൌ 15.6Ԩ	ܸ݈݋.	
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Recommended Application Rates

Surface Type Residual Rate (gsy)
Appx. Bar Rate
Undiluted* (gsy)

Appx. Bar Rate
Diluted 1:1* (gsy)

New Asphalt 0.020 – 0.045 0.030 – 0.065 0.060 – 0.130

Existing Asphalt 0.040 – 0.070 0.060 – 0.105 0.120 – 0.210

Milled Surface 0.040 – 0.080 0.060 – 0.120 0.120 – 0.240

Portland Cement 
Concrete

0.030 – 0.050 0.045 – 0.075 0.090 – 0.150

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

Review and Summary
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•Layer Bonding is Vital
•Surface Preparation 

•Clean 
•Dry

•Millings Improves Field Performance
• Shear
•Cleaning

Areas of Known Agreement

• Application Quality Vital
• Proper Rate

• Consistency

• Distributor Truck 
• Setup

• Calibration/Verification

• Maintenance

• Tacking of Longitudinal Joints
• Bonding

• Confinement 

• Excessive Tack is Bad

• Thicker/Stiffer Lifts Less Prone to Slippage

Areas of Known Agreement
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• Tack Coat Rate Depends on Surface Condition
• Fresh 
• Weathered

• Raveled 
• Milled

• Need for Research 
• Field Performance

• Field Testing
• Bond strength
• Application amount

• Treat Tack as Separate Pay Item vs. Incidental 
Item

Areas of Known Agreement

2
8

Tack Coat Application
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Questions?

Free 4‐hour workshop 
requested through 

FHWA divisional offices

Free webinar: 
http://www.asphaltinstitute.org/public/asphalt_
academy/webinars/tack‐coat‐best‐practices‐
webinar‐recording.dot
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New Technologies in Asphalt 
Testing

Wade Collins
Vice-President

Pavement Technology Inc.
October 22, 2015

 Each day, approximately 1.4 Million tons of HMA are produced in the U.S. 
(M-F production basis)

 Equivalent to ~2500 lane miles @ 12’ wide and 1.5” thick

 Distance from New York to Las Vegas
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Why is Performance Testing Important?
• Can be used to Evaluate a mix design in the lab and Predict how 

well it will perform prior to making an investment to place it on the 
roadway

• Can be used to make the best or most effective use of a situation, 
opportunity, or resource

• Allows a user to increase understanding of the factors which drive 
mix performance

• Can be Used to Correlate lab predictions to field results

• Can be used to test Plant Produced Mixes and Cores from the in 
place compacted mix.

• Provides a performance history of a mix from beginning to end

• Can allow mix designers to look at Life Cycle Cost Analysis versus 
Initial Cost

Why is Performance Testing 
Important?-Continued

• “Mixture Economics” can be introduced into the Mix Design 
Process. Mixes can be designed that cost less without 
compromising their performance. Ex. Increasing percentage 
or RAP/RAS

• Improve the Quality of Asphalt Mixes

• Utilized as a Forensic Tool for projects slated for rehabilitation. 
Information can be used to determine a proper rehabilitation 
strategy

• Rewards innovative and proactive contractors

• Qualify Aggregate Sources

• Warranty  and Design Build Projects

• Conflict resolution between DOT and Producer
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New Technologies

• Performance Testing

– Rutting(AASHTO T340‐10)

– Moisture Susceptibility‐Hamburg(AASHTO T324‐
14)

– Fatigue

• Real‐Time Quality Control

– Asphalt Plant

– Aggregate Plant

AASHTO T 340-10 Test Method

• Test Temperature: Hi-PG Temp(Ex. 64C)
• Load 100lbs.
• Hose Pressure 100psi
• Speed 60 cycles per minute
• Test Duration 8,000 cycles (2 ½ hours)

• Samples are tested in a dry environment
• Gyratory Samples(75mm or Design 

115mm samples) are utilized for testing
• Field Cores and Slab Specimens can also 

be tested
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Asphalt Pavement Analyzer(APA)

Asphalt Pavement Analyzer-Junior 
(APA Jr)
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Chamber View of APA Jr
Rut Testing

Rutted Beam and Cylindrical 
Specimens Tested in the APA
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Rut Specifications

Arkansas DOT

• Design ESAL’s < 3.0, Nmax 115, Ndes 75, 
PG64-22, LWT: Max 8mm

• Design ESAL’s 3.0 – 30.0 Nmax 160, Ndes 
100, PG70-22, LWT: Max 5mm

• Design ESAL’s > 30.0 Nmax 205, Ndes 
125, PG76-22,LWT: Max 5mm

• These LWT results are for any of the type of 
mix, 9.5, 12.5, 25.0 or 37.5mm

Rut Specifications-Continued

Oregon DOT

• Level 3 (80 gyration) with PG 64-22 or 64-
28: 6.0mm max rut

• Level 3 (80 gyration) with PG 70-22 or 70-
28: 5.0mm max rut

• Level 4 (100 Gyration) with PG 64-22 or 
PG 64-28: 5.0mm max rut

• Level 4 (100 Gyration) with PG 70-22 or 
PG 70-28: 4.0mm max rut
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AASHTO T 324-14 (Hamburg Test 
Method)

• Test Temperature: 50C
• Load 158lbs.
• Speed 50 passes per minute
• Test Duration 20,000 passes (Approx. 7 hours)

• Samples are submerged in water during test
• Gyratory Samples(62+/- 2mm height x 150mm 

diameter) will need to cut and “Butted 
Together” inside the molds

• Field Cores and Slab Specimens can also be 
tested

Chamber View with Hamburg 
Wheels and Molds
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Chamber View with Hamburg 
Wheels in Water

Hamburg Test‐APA Jr.
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Hamburg-Type Cylindrical 
Samples(Testing Complete)

Hamburg Specifications

California DOT

PG 58 10,000 passes
PG 64 15,000 passes
PG 70 20,000 passes
PG 76 or Higher 25,000 passes

12.5mm Max Allowable Depth



10/23/2015

10

Hamburg Specifications‐Continued

Illinois DOT

PG 58 or lower 5,000 passes
PG 64 7,500 passes
PG 70 15,000 passes
PG 76 or Higher 20,000 passes

Max Allowable Depth shall be less than or 
equal to 12.5mm

Chamber picture with Solid Steel 
Wheels(Fatigue Testing) 
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Asphalt Vibratory Compactor(AVC)

250 lb

HMA Specimen

Bending Beam Fatigue Test
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Superpave Beam 
Properties Tested in APA

9.5mm HMA Rut Susceptibility 
Tested in APA

Superpave Beam 
Properties Tested in APA

12.5mm HMA Rut 
Susceptibility Tested in 

APA
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PG 64‐22 PG 76‐22

Fatigue Beam Tested to Failure
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Robotic Truck Sampling Device (RTSD))
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Benefits of the Robotic Truck 
Sampling Device (RTSD)

• Safely captures a representative sample along the cross section of 
the mix

• RTSD can be used to sample asphalt or aggregate
• Sample sizes can be obtained up to 60lbs.
• Sampling time is less than a minute
• Volumetrics are more consistent (Asphalt Content, Gradation, VMA, 

VFA)
• Adjustments to the plant can be made in a timely manner
• Fewer adjustments have to be made
• Contractors have fewer test result disputes  with DOT’s. 
• Contractors can maximize pay factors by producing mix that is close 

to the original job mix formula
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REAL-TIME QUALITY CONTROL SYSTEM 
ASPHALT PLANT
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Real Time Quality Control (RTQC)



10/23/2015

19

REAL-TIME QUALITY CONTROL SYSTEM 
AGGREGATE PLANT

REAL-TIME QUALITY CONTROL SYSTEM 
AGGREGATE PLANT
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QUESTIONS???????
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Evaluation of Fiber‐Reinforced Asphalt 
Pavements – Idaho Case Study

US‐30 at Montpelier, Idaho

ITD Project Phase 1 (RP 237) – Lab Evaluation of Materials

Project Team:

UI – Fouad Bayomy (PI), Ahmed Muftah (Grad Student)

WSU – Haifang Wen (Co‐PI), Amir Bahadori (Grad Student)

ITD – Dan Harelson and Jesse Barrus

Project Description
US‐30, Montpelier SCL to Dingle Rd.

MP 435.281 – 438.501 (3.22 Miles) 
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Project Description

The project involves 

• Milling and overlaying 0.4 ft of the existing 
roadway and replace by fiber modified HMA 
in three sections. 

• A non modified 4th section is used as control. 

• The four sections are approximately equal in 
length. 

• Construction was completed in August 2014 
under ITD contract No. 7868

Project Description

Control Mix

• The non‐modified Control mix is a Superpave 

SP5 using 47% RAP. Mix Design was 
developed at NCAT, Auburn, AL.

• As per NCAT results, the virgin binder grade 
is PG70‐28, and the RAP binder is PG64‐28. 
The final PG is PG70‐28
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Summary of Mix Design of Control Mix

JMF as provided in NCAT report:
Follows ITD SP5 Superpave mix with 47% RAP

PG70‐28

Pb 4.8%

Pb (RAP) = 2.83%

VTM = 4%

VMA = 13.6

VFA = 70.4%

D/b Ratio  = 1.1

Project Description

Fiber Modified Mixes

• The fiber‐modified sections adopted the 
same mix design. No change in the mix 
volumetrics. 

• Three types of fibers were provided:
• Fiber #1 (aramid and polyolefin fibers) – Vendor #1

• Fiber #2 (wax treated aramid fiber) – Vendor #2

• Fiber #3 (glass fibers) – Vendor #3
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Project Description

Fiber Modified Mixes

• Addition of fibers at the asphalt plant during 
construction was in accordance with the 
manufacturers’ specifications

• Fiber contents and methods of adding fibers 
to the mixtures were established and 
performed by the fibers’ vendors

Project Description

Project Sections

The study included 4 sections, approximately 
equal in length:

• Section 1 – Unmodified Control section

• Section 2 – Fiber #1 with the rate of 1 lb/ton

• Section 3 – Fiber #2, rate 1/3 lb/ton

• Section 4 – Fiber #3, rate 3 lb/ton
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Fiber Quantities /ton

10
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Construction Data
Section 1 Section 2 Section 3 Section 4

Control Fiber #1 Fiber #2 Fiber #3

Mix Placed (tons) 4,861.38  4,083.82  4,221.28  4,249.42 

Fibers (lbs) ‐ 4,260.00  1,193.30  13,195.90 

Fiber Content lb/ton ‐ 1.04  0.28  3.11 

Fiber Content, % ‐ 0.052% 0.014% 0.155%
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11

Fibers
RAP Virgin Aggregate

Fibers
RAP

Fibers Addition
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Objectives
• ITD’s objective is to rehab the road to 
address the existing cracking and rutting 
problems

• The scope of this lab‐based phase is limited 
to material characterization of the placed 
mixes and to determine whether there are 
significant changes in mixes’ properties upon 
adding the fibers.

• Field performance monitoring on a yearly 
basis. At a later stage, the field data collected 
will be analyzed.
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Studies on Fiber‐Modified HMA

• NCHRP Synthesis 
475 is the most 
recent synthesis 
on the use of 
fibers in asphalt 
pavements. 
(released Summer 
2015)

Studies on Fiber‐Modified HMA
• Various Types of fibers included: 
cellulose, mineral, synthetic polymer, 
and glass fibers, as well as some less 
common fiber types. Recycled fiber 
materials—such as newsprint, carpet 
fibers, and recycled tire fibers—have 
also been used. 
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Studies on Fiber‐Modified HMA
• Effective use of fibers was to reduce 
binder draindown in gap and open‐
graded mixes is quite well established, 
the effects of using fibers for other 
reasons are less clear.

• Most of the studies on the use of 
fibers in dense graded mixes indicated 
fiber content about 0.3% by weight of 
the mix.

Cases Presented on the NCHRP SYN
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Studies on Fiber‐Modified HMA

Ohio Project (in‐Progress)

• Project included One type: (aramid and polyolefin) 
fiber‐modified overlays over jointed concrete 
pavements to address reflective cracking

• As per the project contact: “At this time there is no 
discernible difference in performance between all 
sections. The data indicates that the fibers have not 
reduced reflective cracking severity or extent after 3 
years in service.  Yearly evaluations will continue to 
be performed.”

ITD – UI Project (RP237)
Lab Evaluation of Materials

• Properties Types of Fibers Used

• Lab Testing and Results

• Evaluation using ME Software

• Field Performance Evaluation
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Fiber #1 (Aramid and Polyolefin)

This fiber is a blend of Aramid and 
Polyolefin fibers. Both fibers have 
the same length of ¾” (19mm). 
The specific gravities are 1.44 and 
0.91 respectively. The tensile 
strength of the aramid fibers is up 
to 400 ksi and decomposition or 
break down temperature of 800 oF. 
The Polyolefin Fibers has much 
lower tensile strength of 70 ksi 
and break down temperature of 
315 oF. 

21

Fiber #2 (Wax Treated Aramid fibers)

Aramid fibers with ¾” (19 mm) in 
length, a specific gravity of 1.44 
with a tensile strength of 400 ksi.
The break down temperature is 
800 oF. These fibers are treated 
with melted wax bath to provide 
more control of fiber mixing and 
weighing down the fibers due to 
its light weight. 

22
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Fiber #3 (Glass Fibers)

• The vendor refers to it as Fiber 
Glass Type E. The fibers length 
is ½” (13mm) and has a specific 
gravity of 2.7. The tensile 
strength is 300 ksi. Melting of 
the fiber glass is relatively high. 
For this type of fibers, the 
melting point is 2075oF. Water 
absorption is less than 1%

23

Lab Testing

1. Rutting Resistance:

• Dynamic Modulus and Flow Number 

• APA
• HWTT

2. Fatigue Resistance:

• IDT (Fatigue)
• Jc

3. Thermal Resistance:

• IDT (Thermal)
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Lab Testing

1. Rutting Resistance:

• Dynamic Modulus and Flow Number 

• APA
• HWTT

2. Fatigue Resistance:

• IDT (Fatigue)
• Jc

3. Thermal Resistance:

• IDT (Thermal)

Dynamic Modulus (E*)
AMPT Test Method (AASHTO T 342‐11)

• Sample Preparation for E*
• 2‐2.5 hours heating the loose mixes to the compaction 
temperature

• Compaction

• Core and cutting with air voids within 6.5%‐7.5%

• Testing temperatures ( 40 oF, 70 oF, 100 oF, 130 oF)

• Loading frequencies(0.1Hz, 0.5Hz,1Hz, 5Hz, 10Hz, 25Hz).

26
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Dynamic Modulus (E*)

• E* test using AMPT machine, AASHTO T 342‐11 

27

Dynamic Modulus Test Results E*(psi) at 40F
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Dynamic Modulus Test Results E*(psi) at 70F
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Dynamic Modulus Test Results E*(psi) at 100F
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Dynamic Modulus Test Results E*(psi) at 130F
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Dynamic Modulus Test Results E*(psi) at 
130OF
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Flow Number Test Results on None 
Consolidated Samples

33
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Asphalt Pavement Analyzer (APA)

• The test conducted by Idaho  
Transportation Department (ITD)                                     
in accordance with AASHTO TP 63

• Samples preparation:
 Compact the sample to achieve 

a final air voids of 7േ0.5%.

Sample height of 4.53 in (115mm)

The rolling wheel pass was 60                                              
cycles per minutes for a total                                            
number of cycles of 8000.    
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APA Summary of Results

Fiber #1

Fiber #3Fiber #2
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Hamburg Wheel Tracking Test – APA Jr

• The test conducted in accordance                                
with Tex‐242‐F.

• Samples preparation:
 Compact the sample to achieve 

a final air voids of 7േ0.5%.

Sample size of 2.3േ0.1 in. in height                                       
and 5.9 in. in diameter.

The rolling wheel pass for a total                                            
number of cycles of 20,000.    

Hamburg Wheel Tracking Test – APA Jr
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Lab Testing

1. Rutting Resistance:

• Dynamic Modulus and Flow Number 

• APA
• HWTT

2. Fatigue Resistance:

• IDT (Fatigue)
• Jc

3. Thermal Resistance:

• IDT (Thermal)

Indirect Tension Test:

• The test conducted at 
68F.

• Horizontal and Vertical 
LVDTs to measure the 
strain.

• Using the Fracture work 
density to evaluate the 
sample resistance. 

• 3 core samples for each 
type of mix.
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IDT Fracture Test at 68°F

41
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Bottom‐UP Fatigue Life Prediction Model (ALF)

Fatigue Life for Different Sections

Mix Nf

Control 211493

Fiber #1 209702

Fiber #2 267156

Fiber #3 197193

Fatigue Life Prediction 



10/23/2015

22

Jc test

• It is a fracture toughness parameter

• It is determined in a Semi Circular Notched Bending 
Fracture (SCNBF).

• Samples preparation:
• Compact the sample to achieve 

• a final air voids of 4%.

• Each sample was sliced into

• 4‐quarter specimens.

• One of the quarters was left

• un‐notched, the other three 

• quarters were notched to 

• 0.25, 0.5, 0.75 inches.
43

Jc test cont.

• A ramp load with a constant vertical deformation 
rate of 0.01 in/min. was applied until fracture 
occurred. 

• Draw the relationship between the applied load 
and the displacement.

• Determine the strain energy (U) 
which is the area underneath

the load‐deformation curve 

divided U by the thickness 

of the sample.

44
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Jc test

45
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Jc test Results
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Jc test results
Energy under the whole curve
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Lab Testing

1. Rutting Resistance:

• Dynamic Modulus and Flow Number 

• APA
• HWTT

2. Fatigue Resistance:

• IDT (Fatigue)
• Jc

3. Thermal Resistance:

• IDT (Thermal)
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Fracture Work Density at 14°F 
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IDT Creep Compliance

• AASHTO T322‐07
• A constant load for 
100s  for 100s 

• Six temperatures (‐4, 
14, 32, 50, 68, 86 °F)

• Temperatures 
increasing from low to 
high

• 3 Samples for each type 
of mix
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Creep Compliance Master Curves at 
68° F Reference Temperature   

Fiber Content and Distribution of 
Fibers in the Mix

Lab extraction

X‐Ray Tomography
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Lab Extraction

A side study done in the lab to determine the 
actual fiber content in the fiber‐modified 
mixes

• Follow the extraction method as per AASHTO 
T‐164

• Ignition Oven at 650 oC 
• Lab modification to separate the fibers by 
floating

53

Investigation of Fiber Content in Asphalt 
Mixes:

54

Asphalt Mix Sample
(Binder+Aggregate+F

iber)

Aggregate 
+Fiber

Using ignition oven 
at 650°C

Aggregate +Fiber

Aggregate

Loss of fine aggregate during ignition
Results were not accurate (high fiber content)

AASHTO T-164 :
Extraction of asphalt 
binder from mixtures
With chemical solvent 

Proposed Extraction 
methods
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 Modification of proposed method (Step 2):

Aggregate 
+

Fiber

Sample with 
medium size 
aggregate

+
Fiber

1-Washing of aggregate
(Similar to AASHTO T 11-05)

2-Sieving to separate coarse 
aggregate which trap fiber

Sample with 
medium size 
aggregate

+
Fiber

Use of Calcium Chloride 
to separate fiber and 

aggregate  
Floating fiber 

55

Asphalt content based on mix weight 4.9%

Target AC  4.8%
Weight of fiber 0.38 g

Fiber content (proposed method) 0.0172%

Fiber content based on mix design 0.015%

Aggregate +Fiber (Step 1) Collected fiber after step 2

Results of  Lab Extraction Method:
Fibers #2 (Average of 3 samples)

56
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X‐Ray Tomography 
(in‐progress)

• Imaging techniques is efficient approach to 
characterize the microstructure of the HMA

Gopalakrishnan et al. (2007)                        Gopalakrishnan et al. (2007)                            Krause et al. (2009) 

• X‐ray CT has been used to detect the cracks in 
asphalt mixes

AASHTOWare ME Design input data

• The pavement structure: 4.8 in. new HMA, 4.8 in. 
old existing HMA, 7.2 in crushed base, 19.2 in. 
crushed sub‐base.

• Mix class: SP5, ¾ NMAS.

• R values = 80 and 60 for base and subgrade.

• AADT, Vehicle class distribution, and adjustment 
factors provided by ITD.

• Reliability of 90% used.

58
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AASHTOWare ME Design Analysis

Predicted Thermal Cracking and IRI

61
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Summary of Results

• Lab Evaluation concluded that there is no 
significant difference among the 
performance of the fiber modified mixes. 
Statistical Analysis of ANCOVA showed No 
significant differences were observed.

• AASHTOWare ME Pavement Design software 
also revealed that mixes perform the same in 
terms of Rutting resistance, Fatigue cracking 
resistance, and thermal cracking resistance. 
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Field Performance of the Constructed 
Sections   (First year) 

63
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Epilog

Inland ASCE Pavement Committee – APAO position 
paper on use of Aramid Fibers in Asphalt (July 2014)

“We have encouraged local agencies to treat this 
technology as experimental and to include control 
sections in all of their projects so differences in 
performance can be determined. We do not 
recommend reducing thickness because in our view 
the research does not justify doing so at this point..”

We Concur with this recommendation………
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Thank you
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Utilization of Very High RAP Contents 

Lessons Learned from the Japan Scan Tour

1

2

Japan Tour Delegates and Hosts 
at Maeda Road Asphalt Plant

December 2014
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3

Ryoan‐ji Zen Rock Garden
Kyoto, Japan

• Comparisons of Japan and USA

• Motivations to Recycling

• Performance of Recycled Mixes

• RAP Management Practices

• Mix Design Practices

• Plant Operations

• Other Technologies

Outline

Comparisons 
U.S. Japan % 

Land Area 3,806,000 mi2 145,925 mi2 3.8%

Population 321 million 128 million 40%

Miles of Paved Roads 2,605,331 791,189 30.4%

No. of Asphalt Plants ~3000 1150 38%

Asphalt Mix Tons/Yr. 350 million 55 million 15.7%

4
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RAP Performance Studies
Conducted by Ministry of Construction from 1982 to 1984

6
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RAP Performance Studies
Conducted by Ministry of Construction from 1982 to 1984

7

8

RAP Management

1. RAP source is not restricted
2. Processing achieves uniformity and low moisture contents
3. RAP is tested for quality standards
4. RAP is fractionated
5. RAP stockpiles are covered
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RAP Quality Specifications 

Characteristic Spec. Limit

Min. Asphalt Content 3.8%

Min. Pen. of Recovered AC 20

Max. P200 of Unextracted RAP 5.0%

9

10

Sieve 
Size

Design 
Gradation

Expected 
Plant 

Gradation

Specification 
Gradation 

Range

19 mm 100 100 100

13.2 mm 99.2 97.5 95–100

4.75 mm 64.4 62.5 55–70

2.36 mm 44.1 42.5 35–50

0.60 mm 26.0 24.0 18–30

0.30 mm 17.7 15.5 10–21

0.15 mm 9.7 11.0 6–16

0.075 mm 5.5 6.0 4–8

Parameter Criteria

Air Voids (%) 3–6

Voids Filled with Asphalt (%) 70–85

Stability 

(kN)

Traffic ≥1000 vpd ≥7.35

Traffic <1000 vpd ≥4.90

Flow (1/100 cm) 20–40

Mix Design Criteria Typical Surface Mix Gradation
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IDT “modulus” Performance Test

11

• Marshall specimen
• 20°C
• load @ 50 mm/min.

Project Type IDT Modulus (MPa/mm)

General Use 0.60 ‐ 0.90

Cold and Snowy regions 0.40 – 0.60

Soft Asphalts and Rejuvenators

12

Rejuvenators
• Formulations are Trade Secrets
• Typical dosage rates: 5 to 10% of RAP 

binder, based on target IDT modulus
• Spec ranges on viscosity, flash point, 

TFOT viscosity ratio and mass loss.

High Pen. Asphalts
• Penetration‐based blending charts 
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Asphalt Plants in Japan

• 1150 total plants

• 84% are batch plants

• Plants visited in Tokyo 
were very sophisticated

13

14
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2/3 of Batch Plants use 
Parallel Heating System for RAP

16
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Parallel RAP Dryer

• Low moisture content of 
RAP prior to drying/heating

• RAP dryer at one site was 8 
ft. diameter by 33 m long 
with a capacity of 110 tph

• Exhaust  gases thru thermal 
oxidizer to eliminate smoke 

• RAP exit temp. ~330°F

• Hot RAP mixed immediately 
with rejuvenator and stored 
for 2‐3 hours prior to mixing 
with virgin materials 17

Mixes were produced for us with all virgin materials, 
45% RAP and 60% RAP. All of the mixes looked and 
handled the same. 18



10

19

Hybrid SMA‐PFC “POSMAC”

20
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Double Layer PFC

21

Cooling Pavement Technologies

22
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23

Key Takeaways

• Motivation to use high RAP contents in Japan is 
primarily from a conservation perspective.

• Specifications are fairly simple and include a simple IDT 
test to avoid brittle mixes.

• RAP dried separately, rejuvenator added and allowed 
time to condition the RAP.

• Japan has culture of quality, and integrity.

• Limited number of contractors who are willing to 
heavily invest in sophisticated plants and R&D.

24
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What keeps us from using higher 
RAP contents?

25

26

NCAT Test Track
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Questions and Comments

Arigato

28

Thank you!

Randy West, PhD, PE
Director

westran@auburn.edu


