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Comparative Performance Concept

HMA, High Performance (HP) Highly Modified
Asphalt Binder
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What Is High Performance/Highly Modified
Asphalt?

Highly Modified Asphalt (often called HIMA™ or HPG) is
exactly what it says, an asphalt binder with 2-3 X the amount
of SBS polymer used to produce grades such as PG76-22

The resulting binder contains a dense polymer network that
significantly improves mixture performance

Much less sensitive to temperature changes over the range of
service temperatures

Much greater resistance to rutting and fatigue cracking

SBS polymers are available that allow the use of high polymer
content (> 7.5%) binders that can be handled at similar
temperatures as PG76-22

In reality, it is an asphalt-extended polymer binder, rather
than a polymer-modified asphalt binder
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SBS in Asphalt Binder (Bitumen)

= SBS polymer absorbs some of the
lighter (maltene) fractions of the
bitumen

= Expands and forms an elastomeric
network in the bitumen that:

Provides an elastic response to
loading at high service
temperatures where unmodified
asphalt binders behave as a viscous
fluid

Improves adhesive and tensile
strength

Reduces temperature susceptibility

= Strength of the network depends on
the polymer content
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“S-Curve” - Effect of increasing SBS content
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High Performance-Graded Binder-Proposed
Specification

Key features:

High Performance-Graded (HPG) Binder

=  Based on AASHTO M332, instead of L — |

Flash Point, T 48, Min. °C 230

M3 2 O Viscosity, T316, Max. 5.0 Pa-s, test temperature, °C1 135

Separation, ASTM D7173, Dynamic Shear, T315, % G*/sind Difference?, Max. 10%,

76
temperature, °C
- U sin g M 3 20 a p p roac h , H PG wou l d Polymer Content, Tex-533-C2 Min. % Sl T i v ok HT 75
g rad e at PG 8 8 = 2 8 O r P G 94 = 2 8 rr::zlsﬁsplt;h:?i:;(:erz::1F-{S£>oh:r::).r,afnl'35[). Jnr, 3.2kPa, Max. 0.10 kPa-1, test temperature, *C 1?6?
Mulliple Stress Creep Recovery, T350, % recovery, 3.2kPa, Min. 90.0%, test temperature, °C 76

Pressure Aging Vessel (PAV) Residue (R 28)

= Uses MSCR, tests RTFO-aged binder PAY g g

Dynamic shear, T315 G*sin{3), Max. 3,000kPa Test temperature @ 10 radfsec., °C 25
t 76 o C Creep Stiffness, T313 @ 60 sec? 5, Max. 300mPa, m-value, Min. 0.30, Test temperature, *C -18

a 1. This requirement may be waived at the Department's discration if the supplier warrants that the asphalt binder can be adequately
pumped, mixed, and compacted at temperaturas that meet all applicable safety, environmental, and constructability requirements. Use
Spindle 21 when testing for rotational viscosity.

J < O 1 O k Pa -1 2. Determined as the absclute value of the percent difference in G*/sin® measurad on samples taken from the top and bottom:
nr3.2 o 100%(G*/sind (top} - G*/sind [bottom)) G*/sind (top)
In Tex-533-C, the SBS peak is changed to 69%m !, representing the polystyrene band.
4. Silicone beam molds, as described in AASHTO T313, are acceptable for use,

=4

- R,, > 90% PAV DSR

= (G*sind) maximum is 4,000 MPa,
which is lower than either AASHTO
specification




NCAT Test Track

‘@ National Center for
phait Technology

About  Test Pavement Education Our
CAT NCAT Track Preservation & Training Research

at AUBURN UNIVERSITY

NCAT’s Test Track—the only high-speed, full-scale accelerated pavement testing
facility in the world—is a 1.7-mile oval with experimental sections sponsored by
highway agencies and the transportation industry.

Want to get involved? Contact us for information on how to become a sponsor.

GETIN TOUCH

About the Test Track

The NCAT Test Track is a national research proving ground for asphalt pavements. Highway agencies and industry sponsors
fund research on the 1.7-mile oval in 200-foot test sections. This real-world laboratory allows for cutting-edge experimentation
while avoiding the risk of failure on actual roadways. In a step to play a larger role in pavement research, NCAT has also
partnered with the Minnesota Department of Transportation's MnROAD facility to focus on two important national issues that
impact each agency: pavement preservation and validation of cracking tests.

http://eng.auburn.edu/research/centers/ncat/testtrack/index.html



http://eng.auburn.edu/research/centers/ncat/testtrack/index.html

Control (59) and HIMA™(N7) Section Designs,
2009 Construction (NCAT Report 12-08)

Section S9 - Control
178 mm Standard Hot Mix Section N7
32 mm (PG 76-22; 9.5mm NMAS; 80 Gyrations) 145 mm Highly Modified Hot Mix

32 mm (742% SBS, 9.5 mm NMAS)

70 mm (PG 76-22; 19mm NMAS; 80 Gyrations)

7 1in

57 mm (7%% SBS:19 mm NMAS: 80 Gyrations) 5 % -| N

76 mm (PG 67-22; 19mm NMAS; 80 Gyrations)

57 mm (7%% SBS;19 mm NMAS; 80 Gyrations)

Dense Graded Crushed Aggregate Base Lift thicknesses limited by 3:1
Mr = 85 MPa thickness:NMAS requirement 150 mm
n = 0.40

Test Track Soil
M, = 200 MPa
n=0.45

Courtesy Prof. David Timm, Auburn U.

From the report: “workability and compactability were similar to
those of a PG 76-22 binder both in the laboratory and in the field”

Laboratory mix characteristics, field performance were very different
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NCAT Results

= Laboratory:
= Minimal rutting, no moisture damage in Hamburg Wheel Tracking test
= Fatigue endurance limit 3X higher

= Less temperature susceptible

= Field
= After 20 million flexible ESAL, about 4 mm rutting with minor superficial
cracking

= Control had bottom-up fatigue cracking

= No change in ride quality
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Additional HIMA™ work at NCAT

= Section N8 (Oklahoma) rehabilitation
= “Green Group” High Modulus Asphalt (EME) study.
= HiMA mixture, w/35% RAP provided best mechanical properties, performance

= “Cracking Group” - evaluating different laboratory cracking tests vs field
performance

= Promoting top-down cracking, while avoiding traditional, bottom-up fatigue
= Thin base/binder lifts (4.25 in) for all 6 test sections
= No bottom-up cracking after 20 million ESAL

= Section S6 included HiMA wearing course-minimal superficial cracking observed

= Deep (7.5 in), single lift construction

= 12.5 mm NMS dense-graded mixture, consistent densities achieved

= No distress, no change in profile after 10 million ESAL




HiMA™ Rehabilitation, Section N8-Performance
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Figure 4 IRI Evaluation of Oklahoma Perpetual Pavement Sections

= Roughness, rutting stabilized after HPG rehabilitation
= No cracks observed until more than 15 million ESAL

= Aresilient alternative for heavy traffic
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Oklahoma 1-40, Caddo County

= Before rehab: high severity transverse cracks, rutting, very rough
= Rehabilitation: Feb-Apr 2012

= Practically no distress after 8+ years

= 2020 IRI: 55 in/mi (EB), 53 in/mi (WB)
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1-59/20, Tuscaloosa Co., AL MP 62.0-68.4

= Opened in 1970, rehabilitated in
1983, 1990 and 2001

= Extensive longitudinal cracking

=  About 1/3 of cracks extended
beyond the top 4 inches of
pavement

= Deflection (FWD) analysis
suggested the need for additional
pavement thickness

= Numerous bridges within project
limits complicated things

= Very costly to raise bridges to
allow for additional structure

National Highway System: Alabama

= Estimated almost $8.7 million just
to raise bridge surfaces
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Alabama [-59/20 Rehabilitation

Pavement Layers

125 mm Max Aggregate Size
SMA (Thickness = 2.25 inches)
Used PG 76-22 Binder

125 mm Max Aggregate Size
HiMA Designed to 4% V, (Thickness = 1.5 inches)

25 mm Max Aggregate Size
HiMA Designed to 4% V, (Thickness = 3 inches)

125 mm Max Aggregate Size
HiMA Designed to 2% V, (Thickness = 1.5 inches)

From Braden Smith (Hunt Refining) at 2018 SEAUPG Meeting
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Resurfacing/ Thin Overlays

Dense-graded HMA

More resistant to rutting, cracking, spalling, studded-tire wear
New York City, 15t Ave
Florida (US 90, US 41)
Anchorage, AK

Open-Graded/Permeable Friction Courses

Extend the life of open-graded friction courses by 50% (TTI-led
study for Florida DOT)

Provide OGFC/PFC mixtures that are much more resistant to
raveling and cracking than when using other binders such as
PG76-22 and asphalt-rubber (NCHRP 877, performed by NCAT)
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Manhattan, 1st Avenue

15t Ave, 2013 o 15 Ave, 2019
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= Used NJDOT “High Performance, Thin Overlay” as a guide specification

= Trial project in 2012, performance convinced NYCDOT to overlay 53 blocks on 15t
Ave in 2013

= 1% inches, placed over repaired JRCP, geotextile

= TR News Article, May/June 2019 issue
(http://www.trb.org/Publications/Blurbs/179900.aspx)

= In “good” condition, according to NYCDOT website
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http://www.trb.org/Publications/Blurbs/179900.aspx

Florida-US 90 @ I-10 (Midway), Westbound
Lanes

= Extends from a Pilot station south (east)
of I-10, through the interchange to
beyond the entrance to a Flying J truck
stop

= Channelized truck traffic, stopping and
turning into truck stop

= Planned to reconstruct with concrete
pavement, but milled and replaced 2.5
inches of HMA using HP binder as a
trial/stopgap measure




US 90 @ I-10, Midway

Looking east at turning traffic Stop bar at traffic signal




FDOT Rutting Measurements, US 90

US 90 High Polymer Test Section Rut Data

—— Conventional Mix (2014 PCS) —— High Polymer Binder Mix (2019 PCS)
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US 90 Gadsden County Westbound Outside Travel Lane (MP 11.482 - 12.45\8)
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Florida DOT

Test section at ALF site at State Materials Office in Gainesville

Additional trial projects in FL Panhandle where rutting had been a
problema

July 2017-adopted “High Polymer” binder grade as part of FDOT
Standard Specifications, replacing PG82-22

Research projects at UNR and TTI to evaluate AASHTO layer
coefficient and OGFC performance

Observed improvements in rutting and reflection crack performance
compared to PG76-22 in overlay of JCP in Tampa (US 41)




PFC/OGFC

= Water flows in and through the layer, improving wet weather driving
conditions

= For high speed traffic, porous layer greatly reduces air pumping and sound
generated at the tire/pavement interface

= Shown to reduce TSS in storm water by 90% compared to surfaces with
sheet flow, BMP for highway runoff water quality in Edwards recharge zone

KRATON




Other States

Alaska: mixtures using highly modified asphalt binder (PG64E-40)
are shown to be more resistant to studded tire wear and are used
where this has been an historical problem, especially around
Anchorage

New Jersey: bridge deck waterproofing surface course, binder-rich
intermediate course mixtures

Virginia: SMA and dense-graded mixtures, especially in overlays of
jointed concrete on Interstate highways




High Performance/Highly Modified Asphalt
Binders: Best Uses

Tougher, more durable wearing courses
Permeable Friction Courses, Thin Overlay Mixtures, SMA

Upper lifts for pavements where 20 year design ESAL > 10 million
Perpetual pavements

Deep rehabilitation due to overloads (oilfield, bus pads)

Ability to get in, get out, stay out in challenging construction and loading
conditions

Resilient pavement structures

Low voids bridge deck surfaces




Optimized Mix Design

Should prioritize meeting performance criteria, instead of mixture
volumetric properties

Volumetric properties are important for production QC

Performance-related testing, potential HP criteria (dense-graded
mixtures):

Rutting/stripping: HWT < 6 mm
Cracking:
Overlay test: Critical Fracture Energy > 1.5 in-lb/in

Crack Progression Rate < 0.35
General-allow HMA producers latitude in binder selection

For example, could using HP binders allow the greater use of RAP or
natural sand while still meeting performance criteria?

NJDOT does this for their high performance, thin overlay and bridge deck
surfacing specifications
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Example- TxDOT Item 341, Type C

Rut Depth at 20K passes (mm)

TXDOT C Mix Hamburg & Overlay Test Results
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LCCA-Agency Costs:
3.5% discount rate, 40 year analysis period

NPV-Agency Costs, $ X 1000/mile

Roadway Classification PG76-22 HP Binder, AHMA, Cost/ton
$15.00 $25.00
Rural Arterial $4,146.95 $3,905.00 $4,007.68
Urban Arterial $6,796.58 $6,550.95 $6,677.15
Limited Access $8,058.65 $7,662.99 $7,869.77

= Estimated net present value for project types assuming different
asphalt mixture cost differences (per short ton) of hot mix asphalt

= Accounted for difference in project costs assuming different mixture
cost differentials

= Typical difference: $15-25/ton depending on mix type

= HP mixture is cost-effective due to increase in service life
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FHWA “Every Day Counts”
Initiative

= Targeted Overlay Pavement Solutions

= Solutions for integrating innovative overlay procedures into
practices that can improve performance, lessen traffic
impacts, and reduce the cost of pavement ownership.

= Approximately half of all infrastructure dollars are invested
in pavements, and more than half of that investment is in
overlays. By enhancing overlay performance, State and
local highway agencies can maximize this investment and
help ensure safer, longer-lasting roadways for the traveling
public.

State of the Practice

Recent improvements to design methods, interlayer technology, slab geometry, and concrete
mixtures have broadened concrete overlay surface treatment applicability, reliability,
sustainability, and cost-effectiveness. A joint effort by Georgia, lowa, Kansas, Michigan,
Minnesota, Missouri, Narth Carolina, and Oklahoma resulted in the development of an
improved design procedure for jointed unbonded concrete overlays on either concrete or
composite pavements.

For asphalt overlays, several State departments of transportation (DOTs) have adopted SMA
due to increased service life and performance. The Maryland, Alabama, and Utah DOTs
each used over 1 million tons of SMA during a 5-year period. DOTs in Florida,_Georgia, New

DOTs in Alabama and Oklahoma
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EDC-6 Innovations (2021-2022)

Crowdsourcing for Advancing Operations

Crawdscurced dals can be chlsined whenever and wherever people traved, allowing
ssgercies b clure in real lime what happens between sensees, inrral regians, along
arteriaks, and beyand jurisdictional boundanes. Agendes af all levels can use crowdsourced
daat integrated fram mlliple streems t opimize radwey use o redeced congesSan and
increaised safely and refiabiity.

e-Ticketing and Digital As-Builts

Converling paper based materiabs lickefng systems and as-bull plans nlo slecranic (e
Tickeling ) warkflaws snd digital as-buits enhances the accessiilty of highway project data,
e-Tickeling improves the tracking, exchange, and archiving of materials tckets, Digitl
infarmalion, swech as 30 design models and other metadala, enhances the fulure usability of
as-buill plans far cperafions, manlenance, and assel management.

Mext-Generation TIM: Integrating Technology, Data, and
Training

Traffic Incident Management (TIM} programs aim to shorten the duration and impact of
roadway incidents and improve the safety of motorists, crash victimes, and responders. Mew
tools, data, and training mechanismes are available that can benefit balh new and existing
TIM programs, induding lecal agency and of-nterstale applicaans.

Strategic Weorkforce Development

The demard for highway constructian, maintenance, w1 cperations workess i= grawing,
while at the same time, emerging technakgies g
Highway Corstnuction Warkforce Partnership
sirategies for identifying, training. and placing individuals in the Coniractors” workfiaroe filling
the canstructian jobs thal suppart the Nation's highway sysiem

eloped new nesounces and innovative

ire these warkers o have new skills. The

Targeted Overlay Pavement Solutions

UHPC for Bridge Preservation and Repair

Ukra-high performances concrete (UHPC) is 2 new malesisl for bridge construction that has
become popular for field-cast connecions between prefabei bridge elemants. Bridge
preservaion and repai is an emerging and promisig ape for UHPC. UHPC-based
repair selutians are robust, and affer superiar sIrLrgIh dhurabi wand impeowed e-cyce
cost over iradiSanal methads. State and local agencies can degioy LHPC for bridge
preservation and repair io mainisin or improve bridge conditions:

Virtual Public Involvement

Public engagement during Fanspartation praject planning and development helps sgencies
idenify issues and concems early in the propess, which can ulimalely acodlerste defivery.
Wirlual public invoivemend sirategies supalemenl Faditional face-to-face mfermitan sharing
with tichnlogy platfarms that increase the numiser and variely of methods agencies use (o
infarm the public, receive feedback, and collect and consider comments.

Contact

w list af EDC-E cantacts

EDC Rounds




https://kraton.com/products/

KRA ON COMPANY MARKETS PRODUCTS INVESTORS SUSTAINABILITY INNOVATION CAREERS CONTACT US Q SEARCH ENGLISH ~

ROADWAYS

BRIDGEDECKS
SEAPORTS & INDUSTRIAL COMPLEXES

We bring you the best pavement experience through cutting-edge bitumen modification, pavement design and RACE TRAIAS
construction support for a range of paving applications. AIRPORTS

CITIES & TOWNS
* Invented the SBS polymers
* Pioneered SBS bitumen modification SUSTAINABILITY
* Has over 40 years of experience implementing SBS in paving applications PAVEMENT DESIGN & ENGINEERING
» Authored numerous patents related to styrenic block copolymer technologies ‘
» Continuously innovates expanding the technology portfolio | 3. PAVEMENT CONSTRUCTION
* Reaches Americas, Asia, Africa, Australia and Europe =

ASPHALT MIXTURE PRODUCTION
BITUMEN (ASPHALT BINDER)
KRATON PRODUCTS
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https://kraton.com/products/paving/pavingsbs.php

Legal Disclaimer

Kraton Corporation, on behalf of itself and its affiliates, believes the information set forth herein to be true and
accurate, but any recommendations, presentations, statements or suggestions that may be made are without any
warranty or guarantee whatsoever, and shall establish no legal duty on the part of any Kraton affiliated entity.
The legal responsibilities of any Kraton affiliate with respect to the products described herein are limited to
those set forth in Kraton’s Conditions of Sale or any effective sales contract. All other terms are expressly
rejected. Kraton does not warrant that the products described herein are suitable for any particular

uses. Users of Kraton’s products must rely on their own independent technical and legal judgment, and
must conduct their own studies, registrations, and other related activities, to establish the suitability of any
materials or Kraton product selected for any intended purpose, and the safety and efficacy of their end
products incorporating any Kraton products for any application. Nothing set forth herein shall be construed as
a recommendation to use any Kraton product in any specific application or in conflict with any existing
intellectual property rights. Kraton reserves the right to withdraw any product from commercial availability and
to make any changes to any existing commercial or developmental product. Kraton expressly disclaims, on
behalf of all Kraton affiliates, any and all liability for any damages or injuries arising out of any activities
relating to the use of any information set forth in this publication, or the use of any Kraton products.

*KRATON and the Kraton logo are either trademarks or registered trademarks of Kraton Corporation, or its
subsidiaries or affiliates, in one or more, but not all countries.

©2021 Kraton Corporation




