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Overview

m Background
— Who, Why, and \What

m Approach
m Findings
— General
— Specific to adhesion and cohesion

m Conclusions and Euture Direction



OECD/ECMT Transport Research
Project - Economic Evaluation of
LLong Life Pavements:



OECD EA Participants

m Denmark = New Zealand
m France = United Kingdom
m Germany m United States



Phase I: \White Paper

m Life cycle costing of wearing courses
m Improving load-carrying capacities of
structures and pavements

m Investigate the use of alternative materials

m Minimize disruption to traffic due to
construction

m Mitigate noise and vilbration



Holy Grail

\Wearing course giving 40 + years of
performance on heavily trafficked roads
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APPROACH
Binder, Mix and Composite testing

Binder testing Composite testing
Chemical and 1 - Develop methodologies to

mechanical prepare composites in
characteristics (stress laboratory
failure, modulus, 2- Evaluate mechanical
cohesive strength) characteristics

Mix testing Rutting

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

Perm. Deformation Fatigue
Moisture Aggregate wear and
Fatigue loss under critical
Low Temp Crack conditions
Moisture damage

Candidate reference mix
FHWA: HMA

SWPE: SMA

LCPC: SMA

Phase A Phase B



Working with EA
| esson #1

Cannot apply Superpave Binder Specification
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Epoxy Resin Part A
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SCQH

Binder Test Results

SENIE Penetration | Softening point
(dmm) (°C)

40/60 pen 49 50.8

Epoxy Binder Part 259 35.8

B (binder/curing

agents)

Epoxy Binder Part 236 38.6

A&B

(A+B) + Filler 86

40/60 + Filler 23




Epoxy: Test Specimen

Ing

Pour
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Epoxy Beam 10 Seconds

15



Epoxy Beam 21 Seconds
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Aging Characteristics
Curing and Oxidative

m Pneumatic Adhesion Test

m \\eathering of heams
— Heat + UV + moisture (cold)

m Rheology

m EFTIR
m Penetration

m Microsco
MATERIALS & CONSTRUCTION
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Pneumatic Pull-Off Test
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Pneumatic Pull-Off Test
Cohesive Failure
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—4— Pull off strength (100C)
-8 Pull off strength (115C)
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Working with EA
|_esson #2

Need to understand curing
characteristics of EA
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Phase A
ldentification and Procurement of Epoxy Asphalt
ARALDITE 2011 A/B

1000

Evaluate curing time of epoxy
by using DSC

40 60

Temperature {"C)

at 100 °C, curing time = 3 min.




Permanent Deformation

m Binder rneology

m French Rut Tester

mSST

B Simple Performance Test
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SUPEPEVE PerfeiainCe liester
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OLD ALF Epoxy
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LLow Temperature Properties

= Binder
— “Superpave” grading -8
m [SRST
— Failured at —24 C

30



Fatigue

= Binder
— Torsion geometry

m Mix
— IDT
—4 pt hending

— Essentral work of fracture
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Beam Fatigue




Moisture Damage

m Pneumatic Pull-Off Testing of EA binder
B Hamburg
m Pine Rut Tester

i



Pneumatic Pull-Off Test
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Pneumatic Pull-Off Test
Adhesive Failure
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Pull-Off Strength

Pneumatic Adhesion Test Results

@ Pull-off strength at 0 hrs.
Wl Pull-off strength at 24 hrs.
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Hamburg Wheel Tracker
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Deformation vs. Hamburg WTD
wheel passes, 58 °C.
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Pine Rut Tester
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Pull-Off Strength

Pneumatic Adhesion Test Results

@ Pull-off strength at 0 hrs.
Wl Pull-off strength at 24 hrs.
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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 Direction

m EA give rise to excellent adhesive and cohesive
properties.

m Preliminary findings are guite encouraging with
legard to permanent deformation, moisture
damage, and aging. But models still need to be
develop to predict long term environmentall effects
on EA.

m Low temperature and fatigue performance data are
encouraging.
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Future Work Continued

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

m Approaches to evaluate EA as a composite
need to be developed.
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Findings from other labs
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Phase A
|dentification and Procurement of Epoxy Asphalt

Curing agent Pot life Elevated Chemical Mechanical
families temperature | resistance resistance
Aliphatic amines |  Fast cure at Good Very | Very good
ambient or low good

temp.
Cycloaliphatic Range Good \ery \ery
amines

good good

Aromatic amines Range Good Good Good
Amidoamines [Faster cure Good - :

Speed
Latent Amines Few hours to - - -

SIX months




Phase A
|dentification and Procurement ofi Epoxy Asphalt

Test 1 : ARALDITE 2011 A/B

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

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

\

Pot life :
2 hours at 25°C ~ Increase In temperature =» decrease In curing time

—/



Phase A
ldentification and Procurement of Epoxy Asphalt
ARALDITE 2011 A/B

1000

Evaluate curing time of epoxy
by using DSC

40 60

Temperature {"C)

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

. Proportion : Failure | Failure
(%) (%) | (Mpa)
| | | | | | | |
Biwme 70100f 100 | - | 0+ | + } 0 | 10 | 20 | 083

e ronoo| 75 |aaotezoris] 2 | 50 | 0 | 10 |20 | 0es_
Bitume 70/100| 65 |Arladite2011B] 35 | 50 | 0 | 10 | 184 | 0,62 |

Proportion Fallure Failure
siiet e S o] s
(%) (%) (Mpa)
Bitume 70/100 ——————m
Bitume 70/100| 75 |Arladite2011B| 25 | 50 | 10 | 10 | 127 | 348 |

Comparison between Epoxy-bitumen and pure bitumen
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B Binder testing — Direct Tension
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< Epoy-Bitumen 55/45 (180/220 grade)(B. brulé, 1973)
A Resin-Hardener (B. Brulé, 1973)
# Epoxy-Bitumen 75525 (70100 grade)

1

Failure stress (MPa)

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




SCQH

Binder Test Results

SENIE Penetration | Softening point
(dmm) (°C)

40/60 pen 49 50.8

Epoxy Binder Part 259 35.8

B (binder/curing

agents)

Epoxy Binder Part 236 38.6

A&B

(A+B) + Filler 86

40/60 + Filler 23
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Mixture Design for SMA

SMA Control - Unaged SMA Epoxy @ 6.3%
Binder Content
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Stiffness transition - HRA

—&— 7.2% HRA Epoxy
—l— 7.5% HRA Epoxy
—<—7.2% HRA Control
- A= 20hrs @120 C
—K=—120hrs @85 C

et

30
Days curing at 20C

56



Stiffness transition - SMA

SMA with 40/60 Pen SMA with Epoxy
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5.50% 14000
g 8000 6.00% T 12000
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% @ 8000 ‘//
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Thank you.
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