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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.




Distresses in Asphalt

Pavements
A High Temperature Permanent Deformation

A Low Temperature Thermal Cracking
A Load-Associated Fatigue Cracking
A Aging

A Stripping
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High Temperature Permanent

Deformation
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High Temperature Permanent
Deformation (Rutting)

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

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

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




High Temperature Performance
|-80, Nevada (FHWA)
A Same gradation - differet bindes. -

¥ PG 6422 modified/ ¥ PG 6422 unmodified!
No ruttingrcss 15mm of ruttingreer




Low Temperature Thermal Cracking
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Low Temperature Thermal Cracking

A 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).

A Low Temperature Thermal Cracking is predominantly
Influenced by the binder properties.

A Modifiers can improve the low temperature flexibility
of the mixture.
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oad-Associated Fatigue Cracking
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Load-Assoclated Fatigue Cracking

A Load-associated fatigue cracking is
caused by continuous application of loads
over a period of time.

A Load-associated fatigue cracking is
Influenced by both binder and mixture
properties.
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Aging

A Aging or embrittlement occurs during the mixing and
laydown process and during the service life of the
asphalt. The asphalt binder displays large increases in
stiffness due to oxidation and volatile loss in the binder.
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Stripping

A Stripping is loss of
aggregates and as

pond between the
phalt binder which typically

begins at the bottom of the HMA layer and

progresses upward.

AStripping is driven by

affinity for water.

A Additives can change the surface of the
aggregate from hydrophilic (water-loving) to
hydrophobic (water-hating).




ldeal Asphalt Binder and
Asphalt Mixture

A Displays improved resistance to previously
mentioned distresses.

A Improves lifecycle cost of the asphalt
pavement.

A Improved Safety.
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Use of Modified Asphalts

A Hot Mix Asphalt (HMA)

I Dense Graded Mix

I Stone Matrix Asphalt (SMA)

I OGFC
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What are Polymers?

A Comprised of many small molecules
I Poly = many
I Monomers = small molecules or repeat units

A Monomers chemically react ==»larger molecules
I Water-based polymers i latex form (SBR)
I Solvent-based polymers i pellets, bale (SB-,SBS)

A Properties are determined by:
I Types and sequence of monomers
I Molecular weight




Typical Monomers
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Polymers for Asphalt Modification

A Elastomer i Styrene-Butadiene Rubber - SBR
I Latex form 1 polymer particles dispersed in water
I Random monomer addition 17 typ. 75/25 BD/styrene
I High molecular weight i 1,000,000 g/mole
A13,900 BD fimerso, 2400 st
I Broad distribution i chains many different lengths




Polymers for Asphalt Modification

A Elastomer i Polyisoprene i Natural Rubber
I Latex form i polymer particles dispersed in water
I Homopolymer of isoprene T harvested from trees
I High molecular weight i 1,000,000 g/mole
I Broad distribution i chains many different lengths
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Polymers for Asphalt Modification

A Thermoplastic Elastomers
I Styrene-BD-Styrene block copolymer i SB-, SBS
I Monomers blocked in polymer backbone
ATypically 70/30 BD/styrene
I Lower molecular weight T 100,000 g/mole
A1300 BD fimerso, 288 styre
I Narrow distribution 7 all chains similar length




Polymers for Asphalt Modification

A Thermoplastic
I Ethylene vinyl acetate (EVA) resin
I Vinyl acetate content ~ 20% to 40%
ALow Tg, high melt temp due to crystallinity

A Thermoset
I Ground tire rubber (GTR)
I Mixtures of E-SBR, S-SBR, PBd, natural rubber
ADepends on tire component
ATread, sidewall, innerl in
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Polymer Modification of Asphalt

Emulsions
A Emulsify polymer modified asphalt
inPrmeodi fi edo em
I Polymers1 SBS, SB-, EVA
I Higher mod. asphalt viscosity
Ahigher asphalt + mill temp.
I Exit temp. > 100°C

I Heat exchanger, back press.

A Polymer inside asphalt droplet




Polymer Modification of Asphalt
Emulsions

A Add latex external to asphalt
I Methods
A soap batching
A co-milling i asphalt line
A co-milling i soap line
I Polymers 1 SBR, NR latex
I Lower asphalt process T
I No special mill, handling

A Polymer in water phase

A Continuous polymer film formation on curing




Micro Surfacing
Polymer Morphology In Field

Texas State Highway 84
ANear Waco,TX

APaved in 1998
ASamples taken in 2001




