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OverviewOverview

BackgroundBackground
–– Who, Why, and WhatWho, Why, and What

ApproachApproach
Findings Findings 
–– GeneralGeneral
–– Specific to adhesion and cohesionSpecific to adhesion and cohesion
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OECD/ECMT Transport Research OECD/ECMT Transport Research 
Project Project -- Economic Evaluation of Economic Evaluation of 

Long Life Pavements:Long Life Pavements:

Design and Testing of Long Life Design and Testing of Long Life 
Wearing CourseWearing Course
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Phase I: White PaperPhase I: White Paper

Life cycle costing of wearing coursesLife cycle costing of wearing courses
Improving loadImproving load--carrying capacities of carrying capacities of 
structures and pavementsstructures and pavements
Investigate the use of alternative materialsInvestigate the use of alternative materials
Minimize disruption to traffic due to Minimize disruption to traffic due to 
construction construction 
Mitigate noise and vibration Mitigate noise and vibration 
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Holy GrailHoly Grail

Wearing course giving 40 + years of Wearing course giving 40 + years of 
performance on heavily trafficked roadsperformance on heavily trafficked roads
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One solution was Epoxy-Asphalt.



APPROACHAPPROACH
BinderBinder, Mix, Mix and Composite testingand Composite testing

Locate source of EA 
  Good properties 
 Curing time observed 
 by DSC, UV, and 
 physical tests 

 Binder testing  
Chemical and 

mechanical 
characteristics (stress 

failure, modulus, 
cohesive strength) 

Mix testing 
Perm. Deformation

Moisture 
Fatigue 

Low Temp Crack 

Candidate reference mix
 FHWA: HMA 
 SWPE: SMA 
 LCPC: SMA 

Composite testing 
1 - Develop methodologies to
 prepare composites in  
 laboratory 
2- Evaluate mechanical 
 characteristics 

- Rutting 
- Fatigue 
- Aggregate wear and 

loss under critical 
conditions 

- Moisture damage 
 

Phase A Phase B
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Working with EAWorking with EA
Lesson #1Lesson #1

Cannot apply Superpave Binder SpecificationCannot apply Superpave Binder Specification
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Epoxy Resin Part AEpoxy Resin Part A
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Epoxy Resin Part BEpoxy Resin Part B
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Binder Test Results Binder Test Results 

SampleSample Penetration Penetration 
((dmmdmm))

Softening point Softening point 
((ooCC))

(A+B) + Filler(A+B) + Filler 8686
40/60 + Filler40/60 + Filler 2323

40/60 pen40/60 pen 4949 50.850.8

Epoxy Binder Part Epoxy Binder Part 
B (binder/curing B (binder/curing 
agents)agents)

259259 35.835.8

Epoxy Binder Part Epoxy Binder Part 
A&BA&B

236236 38.638.6
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Pouring Epoxy Test SpecimenPouring Epoxy Test Specimen
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Epoxy Beam 10 SecondsEpoxy Beam 10 Seconds
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Epoxy Beam 21 SecondsEpoxy Beam 21 Seconds



17

Aging CharacteristicsAging Characteristics
Curing and OxidativeCuring and Oxidative

Pneumatic Adhesion TestPneumatic Adhesion Test
Weathering of beamsWeathering of beams
–– Heat + UV + moisture (cold)Heat + UV + moisture (cold)

RheologyRheology

FTIRFTIR
PenetrationPenetration
MicroscopyMicroscopy
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Pneumatic PullPneumatic Pull--Off TestOff Test
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Pneumatic PullPneumatic Pull--Off TestOff Test



20

Pneumatic PullPneumatic Pull--Off TestOff Test
Cohesive FailureCohesive Failure
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Epoxy Asphalt Curing time
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Working with EAWorking with EA
Lesson #2Lesson #2

Need to understand curing Need to understand curing 
characteristics of EAcharacteristics of EA



Phase A Phase A 
Identification and Procurement of Epoxy AsphaltIdentification and Procurement of Epoxy Asphalt

ARALDITE 2011 A/BARALDITE 2011 A/B

Evaluate curing time of epoxy 
by using DSC

at 100 °C, curing time ≈ 3 min.
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Permanent DeformationPermanent Deformation

Binder rheologyBinder rheology
French Rut TesterFrench Rut Tester
SSTSST
Simple Performance TestSimple Performance Test
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Superpave Performance TesterSuperpave Performance Tester
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Low Temperature PropertiesLow Temperature Properties

BinderBinder
–– ““SuperpaveSuperpave”” grading grading --88

TSRSTTSRST
–– FailuredFailured at at ––24 C24 C
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FatigueFatigue

BinderBinder
–– Torsion geometryTorsion geometry

MixMix
–– IDTIDT

––4 pt bending4 pt bending
–– Essential work of fractureEssential work of fracture
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Beam FatigueBeam Fatigue
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Moisture DamageMoisture Damage

Pneumatic PullPneumatic Pull--Off Testing of EA binderOff Testing of EA binder
HamburgHamburg
Pine Rut TesterPine Rut Tester
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Pneumatic PullPneumatic Pull--Off TestOff Test
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Pneumatic PullPneumatic Pull--Off TestOff Test
Adhesive FailureAdhesive Failure
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Pneumatic Adhesion Test Results
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Hamburg Wheel TrackerHamburg Wheel Tracker
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Pine Rut TesterPine Rut Tester
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Sequential Testing of Epoxy-Asphalt on Pine RT
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Pneumatic Adhesion Test Results

0

100

200

300

400

500

600

Flux
Base HG AB

Elvaloy
SBS-lg

SBS-l
SBS-rg EVA

EVA-g
Epoxy-Asphalt

Pu
ll-

O
ff 

St
re

ng
th

Pull-off strength at  0 hrs. 
Pull-off strength at 24 hrs.



43

Nature of contact region in boundary lubrication
Bowden and Tabor, The Friction and Lubrication of Solids
(Oxford University Press, 1950)
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Conclusions and Future DirectionConclusions and Future Direction

EA give rise to excellent adhesive and cohesive EA give rise to excellent adhesive and cohesive 
properties.properties.
Preliminary findings are quite encouraging with Preliminary findings are quite encouraging with 
regard to permanent deformation, moisture regard to permanent deformation, moisture 
damage, and aging.  But models still need to be damage, and aging.  But models still need to be 
develop to predict long term environmental effects develop to predict long term environmental effects 
on EA.on EA.
Low temperature and fatigue performance data are Low temperature and fatigue performance data are 
encouraging.encouraging.
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Future Work ContinuedFuture Work Continued

Effect of aggregate type and durability on Effect of aggregate type and durability on 
overall performance needs to be overall performance needs to be 
determined.determined.

Approaches to evaluate EA as a composite Approaches to evaluate EA as a composite 
need to be developed.need to be developed.
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Findings from other labsFindings from other labs



Phase A Phase A 
Identification and Procurement of Epoxy AsphaltIdentification and Procurement of Epoxy Asphalt

Curing agent Curing agent 
familiesfamilies

Pot  lifePot  life Elevated Elevated 
temperaturetemperature

Chemical Chemical 
resistanceresistance

Mechanical  Mechanical  
resistanceresistance

Aliphatic amines Fast cure at Fast cure at 
ambient or low ambient or low 

temp.temp.

GoodGood VeryVery
goodgood

Very goodVery good

Cycloaliphatic 
amines

RangeRange GoodGood VeryVery
goodgood

VeryVery
goodgood

Aromatic amines RangeRange GoodGood GoodGood GoodGood
Amidoamines Faster cure Faster cure 

speedspeed
GoodGood -- --

Latent Amines Few hours to Few hours to 
six monthssix months

-- -- --



Phase A Phase A 
Identification and Procurement of Epoxy AsphaltIdentification and Procurement of Epoxy Asphalt

Resin : bisphenol A-(Epichlorhydrin)
Curing agent : N(3-Dimethlylaminopropyl)-1,3-Propylenediamine

Uses :
The bonding of metals, ceramics, glass, rubbers, rigid plastics
and most other materials in common use

Pot life :
2 hours at 25°C

Mixing prior to use (parts by weight) :
Component A  = 100
Component B =    80

Increase in temperature Increase in temperature decrease in decrease in curing timecuring time

Test 1 : ARALDITE 2011 A/BTest 1 : ARALDITE 2011 A/B



Phase A Phase A 
Identification and Procurement of Epoxy AsphaltIdentification and Procurement of Epoxy Asphalt

ARALDITE 2011 A/BARALDITE 2011 A/B

Evaluate curing time of epoxy 
by using DSC

at 100 °C, curing time ≈ 3 min.



Binder testing

UV Microscopic observations

Pure bitumen

Bitumen 
with 

25 % Epoxy Bitumen 
with 

35 % Epoxy



Binder testing – Direct Tension

Comparison between Epoxy-bitumen and pure bitumen

Bitumen
Proportion   

Bitumen (%) Hardener
Proportion 

Resin/Hardener 
(%)

Quantity 
A/B (%)

Temperature 
(°C)

Speed 
(mm/min)

Failure 
Strain 
(%)

Failure 
Stress 
(Mpa)

Bitume 70/100 100 * * * 0 10 20 0,83
Bitume 70/100 75 Arladite 2011 B 25 50 0 10 26,9 0,63
Bitume 70/100 65 Arladite 2011 B 35 50 0 10 18,4 0,62

Bitumen Proportion   
Bitumen (%) Hardener

Proportion 
Resin/Hardener 

(%)

Quantity 
A/B (%)

Temperature 
(°C)

Speed 
(mm/min)

Failure 
Strain 
(%)

Failure 
Stress 
(Mpa)

Bitume 70/100 100 * * * -10 10 8,0 3,5
Bitume 70/100 75 Arladite 2011 B 25 50 -10 10 12,7 3,48



Binder testing – Direct Tension

Typical relation between stress and strain at failure conditions
Comparison with B. Brulé Work, 1973)
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Binder Test Results Binder Test Results 

SampleSample Penetration Penetration 
((dmmdmm))

Softening point Softening point 
((ooCC))

(A+B) + Filler(A+B) + Filler 8686
40/60 + Filler40/60 + Filler 2323

40/60 pen40/60 pen 4949 50.850.8

Epoxy Binder Part Epoxy Binder Part 
B (binder/curing B (binder/curing 
agents)agents)

259259 35.835.8

Epoxy Binder Part Epoxy Binder Part 
A&BA&B

236236 38.638.6
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Mixture Design for SMAMixture Design for SMA

SMA Control - Unaged
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Stiffness transition Stiffness transition -- HRAHRA
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Stiffness transition Stiffness transition -- SMASMA
SMA with 40/60 Pen
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Thank you.Thank you.


	Epoxy Asphalt
	Acknowledgements
	Overview
	OECD/ECMT Transport Research Project - Economic Evaluation of Long Life Pavements:
	OECD EA Participants
	Phase I: White Paper
	Holy Grail
	APPROACH�Binder, Mix and Composite testing
	Working with EA�Lesson #1
	Epoxy Resin Part A
	Epoxy Resin Part B�
	Binder Test Results 
	Pouring Epoxy Test Specimen
	Epoxy Beam 10 Seconds
	Epoxy Beam 21 Seconds
	Aging Characteristics�Curing and Oxidative
	Pneumatic Pull-Off Test
	Pneumatic Pull-Off Test�
	Pneumatic Pull-Off Test�Cohesive Failure
	Working with EA�Lesson #2
	Phase A �Identification and Procurement of Epoxy Asphalt�ARALDITE 2011 A/B
	Permanent Deformation
	Superpave Performance Tester
	Low Temperature Properties
	Fatigue
	Beam Fatigue
	Moisture Damage
	Pneumatic Pull-Off Test�
	Pneumatic Pull-Off Test�Adhesive Failure
	Hamburg Wheel Tracker
	Conclusions and Future Direction
	Future Work Continued
	Findings from other labs
	Phase A �Identification and Procurement of Epoxy Asphalt
	Phase A �Identification and Procurement of Epoxy Asphalt
	Phase A �Identification and Procurement of Epoxy Asphalt�ARALDITE 2011 A/B
	Binder Test Results 
	Mixture Design for SMA
	Stiffness transition - HRA
	Stiffness transition - SMA

