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Balanced Mix Design

“asphalt mix design using
performance tests on appropriately
conditioned specimens that address
multiple modes of distress, taking into
consideration mix aging, traffic,
climate and location with then the
pavement structure.”

~ AASHTO PP 105-20 & FHWA ETG,

Balanced Mix Design Task Force (2015)
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Balanced Mix Design

* History of mix design ‘
Balanced

Sl
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Balanced
Mix Design

Asphalt
Pavement
Distresses

Reflection Cracking

Moisture Damage (Stripping)

Low Temperature Cracking

Fatigue Cracking
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Balanced Mix Design

Cracking

Min Max

Binder Content

Rutting
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Balanced Mix Design

* 4 Approaches:

Volumetric design + performance verification
Volumetric design + performance optimization
Performance-modified volumetric design

. Performance design

o 0w >
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Balanced Mix Design

e Performance Tests:
e Rutting

* Hamburg Wheel Track
Test (HWTT)

 Cracking
 |IDEALCT

* Moisture Damage

* Tensile Strength Ratio
(TSR) and/or

* HWTT Stripping
Inflection Point (SIP)
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Balanced Mix Design

e Rutting: HWTT (AASHTO T 324)
 Samples submerged
 50C water bath
e 20,000 passes of steel wheel

 Measures deformation vs. pass
 Max deformation
 No. of passesto 12.5 mm
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Balanced Mix Design

» Rutting/Moisture Susceptibility: HWTT
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Balanced Mix Design

* Cracking: IDEAL CT (ASTM D8225)

* Test Temperature = 25C

* Gyratory compacted specimens
* 62 mMm
* 7% air voids

 Measures Deformation vs. Load
* Cracking Tolerance (CT) Index
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Balanced Mix Design
* IDEALCT

t G e
CTingex = X ! X< >

62  |mss| \ D
where,
t Specimen thickness (mm)
Gy Failure energy

m,:  Slope of curve at 75% of
peak load (post peak)

j displacement at 75% of
peak load

D Specimen diameter

Source: Zhou, F. (2019). NCHRP IDEA Project 195.
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Balanced Mix Design

 Moisture Susceptibility: TSR (AASHTO T 283)

Tensile Strength
Ratio (TSR)
> 80%
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Benefits of BMD

* |nnovation
* Performance tests
provide
* Confidence
e Risk assessment
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Balanced Mix Design

SSP for selected
projects;
payment for

Required for
JMF approval; for

information only
ests (50 gyr. wearing)
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Required to meet
established
thresholds for JMF

approval (wearing &
binder)

2020

2021 2022 2023

Required for JMF
approval; for

information only
(50 AND 75 gyr.

wearing)

2024 2025
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Sustainable Asphalt Pavements
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Federal Buy Clean Initiative

Buy Clean is a procurement policy to promote the purchase
of construction materials and products with lower embodied
greenhouse gas (GHG) emissions, taking into account the life-
cycle emissions associated with the production of those
materials.

CONSTRUCTION MATERIALS:

 Concrete ~50% of all manufacturing GHG
. Steel emissions

- Flat Glass 98% of government’s purchased
C Aspha|t construction materials

Federal Buy Clean Initiative | Office of the Federal Chief Sustainability Officer
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https://www.sustainability.gov/buyclean/#about
https://www.whitehouse.gov/briefing-room/statements-releases/2022/09/15/fact-sheet-biden-harris-administration-announces-new-buy-clean-actions-to-ensure-american-manufacturing-leads-in-the-21st-century/
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Environmentally Preferable Asphalt
(P100 Facilities Standard)

* Federal office buildings, courthouses, and land ports of entry

* Requirements:

e Submit an nvironmental roduct eclaration (EPD) for each asphalt mix

* Use 2 environmentally preferable techniques:

* At least 20% RAP content

* Warm mix technology (reduced onsite mix temperature)

* Non-pavement recycled content (roof shingles, rubber, or plastic)

Improved energy/carbon efficiency of plants or equipment (e.g., natural gas)
Other environmentally preferable techniques (contractor can propose)

https://www.gsa.gov/real-estate/design-construction/engineering-and-architecture/facilities-standards-p100-overview
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https://www.gsa.gov/real-estate/design-construction/engineering-and-architecture/facilities-standards-p100-overview
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Interim IRA Low Embodied Carbon
Materials

* Defines low embodied carbon materials for 11 pilot projects.
* Materials (concrete, cement, concrete masonry units, asphalt, steel, and glass).

* Asphalt:
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https://www.gsa.gov/system/files/Interim%20IRA%20LEC%20Material%20Requirements%20-%20used%20in%20Pilot%20May%202023%2005162023.pdf
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Environmental Product Declaration

(
Environmental Quantified environmental information on
Product the life cycle of a product,
. Enables comparisons between like
Declaration products fulfilling the same function*
\
(“ LN b}
Nutrition label
: for ISO Type Il Environmental Label
environmental
Impacts
\ P
(
NAPA Emerald EcolLabel: John Beath
Independently Environmental
verified National Science Foundation
Others...
\
*Source: 1ISO 14025:2006. EPDs from different Product Categories should NOT be compared to
each other.
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Image source: NAPA
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Sustainability

Two primary ways to reduce
carbon emission in asphalt
pavements:

1. Increase RAP

2. Reduce Temperatures
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Importance of RAP

Increasing RAP

1%

0

= COy per 1000 cars

Increasing RAP in new asphalt
mixtures by just 1% reduce
nationwide = reduction emissions
(CO.e) of 30,000 passenger vehicles
(US. EPA, 2018)
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RAP in PA
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Asphalt Mixes

Virgin asphalt
pavement
comprised of:

Virgin
('g‘ggrrseeggtned Asphalt Binder
fine)

Image sources:

NCAT
https://www.sbsg.com/products/sbsg-bulk-aggregates/
West, R. (NAPA QIP 129)
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Reclaimed Asphalt Pavement

Aggregate

Aged Binder

-

~N

Image sources:
West, R. (NAPA QIP 129)
Virginia Asphalt Association
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RAP Mixes

Virgin Asphalt
Aggregate Binder

Aggregate

Aged Binder
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RAP Management

* RAP management and use is highly regulated
* PA DEP permitting for beneficial use of RAP

 Examples of requirements:
e C(Clean stockpiles free of deleterious materials
e Turn over the stockpile (cannot sit for prolonged period of time)

* Industry has invested in plant adaptions
* Retrofitting of plants
e Upgrade to drum plants (higher RAP capacity)
* In-line screens, crushers
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Performance of RAP Mixes:
National Perspective
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https://www.fhwa.dot.gov/pavement/asphalt/pubs/hif22003.pdf

July 26, 2023

Performance of High RAP Mixes: National
Perspective

* Performance of RAP mixes:

* FL DOT: when accounting for traffic volume, and for
RAP mixes with 30 — 50% RAP, performance was
better than mixes without RAP

* NE DOT: “the overall condition of the highway system
has improved since the implementation of high RAP
asphalt mixtures”

* WS DOT: “No statistical evidence to suggest a
difference in performance between high-RAP (> 20%)
and up to 20% RAP mixtures”
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https://www.fhwa.dot.gov/pavement/asphalt/pubs/hif22003.pdf
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Value of RAP

e Cost of Virgin Materials:
* Aggregate:
e S20/ton
* 95% of mix
* Asphalt binder:
e S600/ton
* 5% of mix

Avg. Value of RAP =
$10/ ton of mix
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Cost Savings of RAP Mixes

* Ohio DOT High RAP project (2021)
e Side-by-side comparison
Mill /fill:
Marshall Intermediate Course
Marshal Surface Course
e Surface mixes:

High RAP: 55% RAP (53% RBR + 0.1%
Recycling Agent)

Control: (20% RAP/ 16.3% RBR)
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https://www.dot.state.oh.us/OTEC/Documents/2022OTECPresentations/23_A_Biehl_Eric.pdf
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Cost Savings of RAP Mixes

* Ohio DOT High RAP project (2021)

* Eric Biehl, P.E., State Asphalt Materials Engineer reported at OTEC, 2022.
Related to cost savings associated with the high RAP section (assuming

service life is equal):
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Cost Savings of RAP Mixes

* Ohio DOT High RAP project (2021)

* Eric Biehl, P.E., State Asphalt Materials Engineer reported at OTEC, 2022.
Related to cost savings associated with the high RAP section (assuming

service life is equal):
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Responsible use of Resources

* Tools to successfully increase RAP %
e Balanced Mix Design
* Recycling agents
 RAP binder correction factor
* LVR High RAP mixes

e SCDOT
* GADOT

Cracking

38
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Importance of RAP

Increasing RAP

1%

0

= 1000 cars (US EPA, 2018)

Increasing RAP in new asphalt
mixtures by just 1% reduce
nationwide = reduction emissions
(CO.e) of 30,000 passenger vehicles
(US. EPA, 2018)
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Thank yow

Mary Robbins, Ph.D., P.E.
DIRECTOR OF TECHNICAL SERVICES
PA Asphalt Pavement Association

mary@pa-asphalt.org

(717) 657-1881 ext. 2
(419) 290-6360
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mailto:mary@pa-asphalt.org

July 26, 2023

Upcoming PAPA Events

PAPA ANNUAL CONFERENCE
Hershey, PA
January 15, 16 & 17, 2024

PAPA REGIONAL TECHNICAL MEETINGS
Pittsburgh | State College | Allentown
March 19, 20, & 21, 2024

PAPA ENVIRONMENTAL SEMINAR
Harrisburg, PA
April 10, 2024
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https://www.pa-asphalt.org/events
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