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Lots of Research and Practice on PMA! A \&7iiie

Quantifying the Effects of PMA

Quantifying the Effects of PMA for Reducing Pavement Distress
R = PO N * This study (published in 2005) used
national field data to determine
enhanced service life of pavements
containing polymer modified binders
versus conventional binders.




Lots of Research and Practice on PMA! A N&e

Use of Polymer-Modified Asphalts (PMA) in
Dense-Graded Mixtures: Internet Survey and
Tools to Measure Return on Investment

Kevin D. Stuart®, Walaa S. Mogawer” and Shane Underwood*
“Consultant, Phoenixville, PA, 19460

bUn.iversz’ry of Massachusetts Dartmouth, North Dartmouth, MA, 02747

‘North Carolina State University, Raleigh, NC 27695

Use of Polymer-Modified Asphalts (PMA) in Dense-Graded Mixtures:

Internet Survey and Tools to Measure Return on Investment

« The primary objective of this study was to recommended one or more tools that
highway agencies can use to ensure that there will be a sufficient return on
investment when using PMAs in dense-graded mixtures.



What Makes Asphalt Binders “High Polymer”? A N

¢ INSTITUTE
* Definitions may vary:

d Polymer Type (SBS, SB, SBR, Terpolymer, etc.)

h RN s ~.;""\i"’f i -_
O Polymer % often > DOUBLE standard dosage o S WSS T 1
> PMA (2.5%-3.5%) P |

' .r ‘."" "
v ‘0' 2 ‘. 2
» HP (>5-6%); HIMA™ >7.0% RAME Lol
4 Final properties based on dosage/neat asphalt grade

HiMA polymer loading (27%) s —

Polymer Continuous

~6wt%

Property

Typical polymer loading (2.5-3.5%)

Asphalt Continuous

Zou et. al (2023)
Polymer Loading




NCAT, Auburn, AL (2009-2015) e
Recommendation to use an | |
AASHTO structural layer

coefficient 70% higher for HIMA™:
 Built in 2009
1 2 cycles, 20 million ESALs

 Excellent performance
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Structural Coefficient for HP Mixtures INSTITUTE

 For Florida DOT:

» 0.54 for HP mixtures compared to 0.44 for PMA mixtures

» Based on performance properties of binders and mixtures and
mechanistic-empirical simulations and analyses (bottom-up fatigue
cracking, rutting, shoving, and reflective cracking)

* NCAT Test Track (2070 and 2015 Sections):

» 0.75 and 0.92 for HP mixtures - 0.44 and 0.54 for PMA mixtures
» Based on in-situ strain measurements & lab fatigue performance




Objective and Scope of Work
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 Facilitate and conduct a
comprehensive gap analysis on the
use of HP binders and mixtures and
identify critical limitations, gaps, and
needs through a S.W.O.T analysis:

» ldentify and put forth positive practices
and lessons learned by DOTs.

» Complement the work completed under
FHWA EDC-6 TOPS program
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A STRATEGIC LOOK AT GAPS AND
IMPLEMENTATION OPPORTUNITIES FOR
HIGH POLYMER MODIFIED ASPHALTS

This Technical Brief presents a gap analysis of high polymer modified
asphalt (HP) binders and mixtures in pavement construction,
highlighting current limitations and areas for improvement.
Implementable actions and lessons learned from State Departments of
Transportation (DOTs), along with strategies to enhance the design
and implementation of HP binders are identified.

The contents of this document do not have the force and effect of law
and are not meant to bind the public in any way. This document is
intended only to provide information and clarity to the public
regarding existing requirements under the law or agency policies

Introduction

The modification of asphalt binders is not a novel concept and has
stcadily gained traction over the past several decades. For
approximately 50 years, various additives—including polymers,
ground tire rubber, chemical modifiers (e.g., acids), and recycled engine
oils—have been incorporated into asphalt binders to mmprove the
performance of asphalt mixtures.!'?' Several State Departments of
Transportation {DOTs) have acknowledged the advantages of polymer-
modified asphalt mixtures in mitigating different types of distress
caused by traffic loading and environmental conditions in flexible
pavements.”’! Traditionally, polymer-modified asphalt (PMA) binders
have contained polymer contents not exceeding 3.5 p

practical challenges 1
However, advanceme:
incorporation of signify
7.5 percent) in asphalt |
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may contnbute to addn
concem to State DOTs.|
when used in asphalt
traffic.!"?!

The effectivencss of t
promising tool in the §
Pavement Solutions (T4
asphalt overlay produ
improve performance, §

Page 1 o



Critical Review of HP Binders and Mixtures INSTIHUTE

HIGH POLYMER-MODIFIED ASPHALT
MIXTURES: A BATTLE OF
STRATEGIES

BY DR. JHONY HABBOUCHE, PH.D., P.E. | DECEMBER 14, 2024

Thinner pavements vs. longer lifespans

By Dr. Jhony Habbouche, Ph.D., P.E.
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HP Technology: State-Of-The-Practice INSTITUTE

Habbouche et al. (2021), State
of the Practice for High
Polymer-Modified Asphalt
Binders and Mixtures

\WDOT

Accurate as of 2021
13

I Represents States that currently use or have previously used HP material {as of 2021)
:l Represents States with no prior experience using HP material (as of 2021)




HP Technology: Review of State DOTs INSTITUTE
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5% Represents States that currently use or have previously used HP material, specified in accordance with AASHTO M 320 A Ccurate aS 0f2025

/| Represents States that currently use or have previously used HP material, specified in accordance with AASHTO M 332

| Represents States with no prior experience using HP material
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HP Technology: Selected Specifications
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State AASHTO Standard
New Jersey M 332
T 350
M 320
Ohio M 320
T 301
Oklahoma M 332
T 350
Utah M 320
T 301
T 313
Virginia M 332
T 350

n/a denotes not available.

Binder Properties
PG 76E-28
Jar.32<0.1 kPa! & R35>90% at 76°C

PG 94-22

PG 88-22 (reported as PG 88-22M)
PG 76E-28

Jor, 32 < 0.5 kPa! & R3, > 95% at 76°C
PG 76-34

Re > 90%

ATc >-1.0°C

PG 76E-28
Jnr, 32 S 0.1 kPa-l & R3.2 Z 90% at 76OC

Mixture Properties
Requirements based on
intended application

PG 94-22 designed for use in
hot-applied chip seals
n/a

n/a

Use of high binder content by
requiring high density
compaction based on low void
mix design for all applications,
including both thin and thick
asphalt layers.

n/a

15



ASPHALT

Selected States — Usage and Costs INSTITUTE

State DOT

Cost Increase
Compared to PMA(%)

Usage / Notes

~4.8 million tons placed over 6 years; cost varies with project size and technology

New Jersey  +32% availability. Continued use due to strong performance (fatigue, reflective cracking,
rutting).
+7-10% (large projects); HP used since 2014; costs depend on tonnage, plant modifications, and project
Ohio 0 1Aree PrOJECLS) ise. Used at intersections, bridge decks, and now exploring full-depth & thinner
+10-20% (small projects)
overlays.
Oklahoma £21-31% ~307f887 tons (5 years; ~22 mlles/year). Cost variation dge to plant adjustments,
location, and bidding. Used in structural overlays and as interlayers.
~27,595 tons placed since 2021; 525,000 tons planned (2024-25). Costs depend on
Utah +6.6% trucking distance, location, and production adjustments. HiMod used in overlays
Note: SMA > +27.0% ’ ' '
and structural layers.
Virginia +23-40% (> 8,000 tons); ~94,293 tons placed since 2014. Cost variation by project size and plant setup.

+13-87% (< 8,000 tons)

Used for reflective cracking and fatigue mitigation.

16



Selected States — Virtual Visit Memos INSTITUTE

Oklahoma

Virginia

New Jersey

17
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A STRATEGIC LOOK AT GAPS AND
IMPLEMENTATION OPPORTUNITIES FOR
HIGH POLYMER MODIFIED ASPHALTS

This Technical Brief presents a gap analysis of high polymer modified
asphalt (HP) binders and mixtures in pavement construction,
highlighting current limitations and areas for improvement.
Implementable actions and lessons learned from State Departments of
Transportation (DOTs), along with strategies to enhance the design
and implementation of HP binders are identified.

The contents of this document do not have the force and effect of law
and are not meant to bind the public in any way is document is
intended only to provide information and clarity to the public
regarding existing requirements under the law or agency policies

Introduction

The modification of asphalt binders is not a novel concept and has
stcadily gained traction over the past several decades. For
approximately 50 years, various additives—including polymers,
ground tire rubber, chemical modifiers (e.g., acids). and recycled engine
oils—have been incorporated into asphalt binders to mmprove the
performance of asphalt mixtures.'? Several State Departments of|
Transportation {DOTs) have acknowledged the advantages of polymer-
modified asphalt mixtures in mitigating different types of distress
caused by traffic loading and environmental conditions in flexible
pavements.”! Traditionally, polymer-modified asphalt (PMA) binders
have contained polymer contents not exceeding 3.5 percent duc to
practical challenges related to mixing, storage, and workability.
However, advancements in polymer technology have cnabled the
incorporation of significantly higher polymer contents (approximately
7.5 percent) in asphalt binders, referred to herein as high polymer (HP)
binders. These binders exhibit substantially enhanced clasticity that
may contribute to addressing certain pavement failure mechanisms of
concem to State DOTs.**! HP binders also offer additional advantages
when used in asphalt mixtures subjected to heavy and slow-moving
traffic.!"?!

The cffectiveness of the HP binder technology was highlighted as a
promising tool in the Every Day Counts (EDC)-6: Targeted Overlay
Pavement Solutions (TOPS) program toolbox, featured alongside other
asphalt overlay products.'® Its inclusion aimed to enhance safety,
improve performance, preserve investments. and realize cost savings.

Page 1 0of 16




HP Technology — S.W.O.T Analysis INSTITUTE

People

Variability in Expertise: Differences in experience levels among DOTs, contractors, and researchers
can lead to inconsistent implementation.

Limited Contractor Familiarity: May require specialized handling, mixing, and placement techniques,
which may not be widely understood.

HP Technology

Lack of Standardized Definition: The absence of a formal definition for HP binders and mixtures
among State DOTs creates inconsistencies in specifications and performance expectations.

Higher Initial Cost: Increased material costs compared to conventional asphalt binders may limit
widespread adoption.

Specification Variability: Lack of standardized definitions and performance-based specifications across
different agencies.

Potential Workability Concerns: Higher polymer content may impact mixture compaction and field
performance.

Optimization Challenges: Issues related to polymer dosage, aggregate compatibility, tank storage
stability, shelf life, and long-term durability in varying environmental conditions.




HP Technology: Nomenclatures !!!
High modulus asphalt Highly polymer
(HIMOD or HMAC) modified binder (HiMA)
Stiffness Proprietary

High polymer binder (HP)
Non-proprietary (Al, VIRC, FDOT)

High polymer grade Highly-modified asphalt
(HPG) mix (HiMod)
TXAPA UDOT

ASPHALT
INSTITUTE



HP Technology — S.W.O.T Analysis INSTITUTE

Supply Chain and Material Availability: Limited production capacity
for high polymer-modified binders may create procurement challenges.
Budget Constraints: Higher upfront costs may deter State DOTs with
limited funding.

Workforce Training Needs: Adoption may require additional training
for engineers, inspectors, and contractors to ensure proper field
Implementation.

State Priorities: Potential changes in infrastructure policies or funding
priorities could impact adoption rates.

7
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Key Strategies for Implementing HP Mixes INSTITUTE

R

Prioritize MSCR, elastic recovery, and phase angle over polymer %.

Supports innovation and cost-effective sourcing.

Tailor HP mixes to distress types (e.g., NJ, VA, OH, OK).
Not a substitute for poor structural design or maintenance

& Cost-Benefit Evaluation

Integrate lab testing, field data, and spec updates for continuous

improvement.
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