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ASPHALT MIXTURE
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ASPHALT MIXTURE

Mix Design Historical Trends

Barber Asphalt
Paving

Company
Mix of AC with Sand and
Pulverized carbonite Lime

Hubbard -Field

Method

Sand asphalt design
30 blow, 60 diameter with
compression test

> 1890 >> 1905 »>> 10205 > > 1927 > >

Clifford Richardson,
New York Testing

Company

Surface Sand Mix

Asphalt mix for lower layers
VMA terminology used

Timeline prepared by

Francis
(Caltrans)

binder content (

Issues with fatigue cracking

Sina.V after reviewing OHistory of asphalt mix design in North

AmericaO published by Asphalt Magazine, Asphalt Institute Link

http://asphaltmagazine.com/history

-of-asphalt - mix -design -in-north -america -part -1/

Hveem

Surface Area factors to determine

and cohesionmeter ) |

Air voids not used initially, mixes
generally drier relative to others |

Bruce Marshall

(Mississippi DOT)

Refined Hubbard Field Method b
standardization of compaction energy
with drop hammer

Used only air voids (3 to 5%)

VFA and VMA added in 1962
Stability and flow utilized

1943 >> 1993

> 2

Hveem stabilometer

Superpave

I' Level 1 (volumetric
approach) using 4% air
voids, VFA, VMA, DP
Introduction of gyratory
compactor

Level 2 (performance
approach) D Never

-based

-based

implemented

First trial in Ontario placed

in 1996

#
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ASPHALT BINDER

Historical Trends in Testing Binders in Canada

Penetration
Graded
(i.e. 85/100)

Stiffness
Characterization
At 25 iC
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Penetration in units of 0.1 mm

Asghal(:emem A It ¥ Cement
| 5C(TF) | l spztsn_c (77°F) |

After 5 seconds

. . Performance Graded
Viscosity Graded (i.e. PG 58 -28)
(i.e. AC -5) o
: Array of testing
Stlffnes§_& Stiffness  at Low, Intermediate and High
Workability Workability
25iC Aging susceptibility
135 & 165 C

Now?

Vacuu

60°C




STIFFNESS

ASPHALT BINDER e

: Aging due to Oxidation during

Desired Characteristics :  production and after being
(Stiffness vs. In  -Service Temperature) In-service
4 Thermal Fatigue Rutting Handling
Cracking Cracking Shoving Production
Non -load Load Associated Load Associated Workability
Associated
shear plane

ldeal D Desired

P Temperature

Below

-16 iC 40 iC - 60 iC 120 j C Above

%



ASPHALT BINDER

- 1 hour
Temperature k

Time Sensitivity

and
1 hour 10 hours
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RESILIENCY AND SUSTAINABILITY

NAPA

= ™

NATIONAL ASPHALT
PAVEMENT ASSOCIATION

RESILIENT
ASPHALT PAVEMENTS

Industry Solutions for the Resilience Goal

NAPA Report by

= Benjamin F. Bowers, PhD, PE.
Assistant Professor, Auburn University, Auburn Alabama

= Fan Gu, PhD, PE
Assistant Research Professor, National Center for Asphalt Technology
Auburn University, Auburn Alabama

Sustainability in Practice 105

Sustainable + Resilient Practices or Attributes

Sustainable
Practices or

Attributes

Resilient
Practices or
Attributes

Figure 1. Venn Diagram of Sustainable, Resilient, and Resilient
+ Sustainable Practices and Attributes for Asphalt Pavements



RESILIENCY AND SUSTAINABILITY

Sustainable + Resilient Practices or Attributes

Sustainable +
Resilient Practices

or Attributes

¢ \Warm Mix Asphalt
(low emissions + .
increase in haul Susta.lnable
distance) Prac_:tlces or

* Porous pavement Attributes

systems (stormwater
management +
nuisance flooding)
e Perpetual Pavement
Design
* Deep reconstruction Sustainable Practices
of pavement (increase or Attributes

deep layer moduli) e Use of recycled
* Rapid construction

Resilient
Practices or

i - materials -
* Ability to adjust Attributes
pave{nent dJesign to * Cold Recycled Asphalt
climate / climatic events ~ ® Asphalt mix and plant Figure 1. Venn Diagram of Sustainable, Resilient, and Resilient

_ C + Sustainable Practices and Attributes for Asphalt Pavements
to extend pavement life optimization P

Resilient Practices

or Attributes That

Are Not Sustainable

e Use of novel
materials with unknown
environmental or safety
risks

e Use of climate
adaptable materials
when the social and
environmental benefits
do not outweigh
the costs (e.g., use of
polymer modified
binders for low volume
roads)

e Over-designing for
low-risk catastrophic
events
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THE DECARBONIZATION PATHWAY

Materials and Processes

AVOIDED
EMISSIONS

REMAINING
EMISSIONS

» Carbon sinks to reach

NET NEGATIVE net negative carbon.

CURRENT STATE CARBON

NEUTRAL
POINT

ZERO CARBON
POINT

Source: Synergy Enterprises



Decarbonization Requires EPDs and
Product Category Rules (PCRS)

Environmental Product Declaration

ONutrition labelO for asphalt pavement products

EPD “Nutrition” Label

Your Bullding Product
e

Amount per Unit

LCA IMACT MEASURES TOTAL
Primary Energy (MJ) 124
Global Warming Potential (kg C0? eq) 0.96
Ozone Depletion (kg GFC- 11 eq) 1.80E-08
Acidification Potential (mol H* eq) 0.93
Eutrophication Potential (kg N eq) 6.43E-04
Photo-Oxidant Creation Potential (kg 03 eq) 0.121

Your Product’s Ingredients: Listed Here




BUT REQUIRES UNDERSTANDING..

Life Cycle Assessment of Asphalt Mixtures in
Support of an Environmental Product Declaration

NATIONAL ASPHALT
PAVEMENT ASSOCIATION

Emepald

ECO~#7LABEL

Cradle

Key Processes Within System Boundaries

Al: Extraction & Processing A2: Transport of Raw Material

Extracted Crude Oil
Refine
Terminal

Quarry Extraction
Screening & Washing

Raw Material Extraction
MFG Sorting & Processing
Handling & Packaging

Crushing and Milling
Separating & Processing RAP

Fuel Extraction
Processing

Upstream Processes

Virgin
Binder

Virgin
Aggregate

Misc

Additives

Recycled

Aggregate

Energy Use

- Natur 235

Water
Use

A3: Plant Operations

Plant Core Processes

Asphalt Mix

Gate
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The Bigger Issue B OAsphalt Mix IcebergO

Navigating using PAST EXPERIENCE by seeing
I Asphalt Binder Physical & Chemical Properties

| Aggregate Properties

I AGG-Binder Volumetrics (ABV) Relationship

The Operformance testsO donOt really reflect performanceE
I Marshall Stability, Flow, and Tensile Strength Ratio

DoesnOt do a good job at evaluating the benefits (or potential risk
| PG binders

I "RAP/Rubberized Asphalt

I WMA additives

| Etc.

S) in the incorporation of:

Rely on field performance (with many years in service) to

OproofO changes/modifications



INCLUSION OF PERFORMANCE TESTINGE

Four Approaches

Standard Practice for

Balanced Design of Asphalt Mixtures

AASHTO Designation: PP 105-20" AASHIO

First Published: 2020

Technical Subcommittee: 2d, Proportioning of Asphalt-Aggregate Mixtures

(&



ASPHALT MIXTURE

Considering Performance in Mixture Design

A Recipe & Volumetric Selection

B Performance - Verified Volumetric Design

Verification of resistant to a specific distress

Example: Asphalt Cement (AC) modification to resist fatigu e cracking
Adjustment of mix proportions to resist a specific di stress

Example:

Durability

Performance testing for Pavement design input
Conduct volumetric for QA

RUTTING

MiXx
Durability
POOR MIX SOFT MIX
(non-surface, low traffic, or ; (Reflective crack control —
temporary use onl : interlayer when overlaying
E porary V) concrete)
- R — /[
g STIFF MIX ] HEAVY DUTY MIX
(Bottom layer of full depth i (SMA, Heavy Traffic)
pavement) ’

—

CRACKING RESISTANCE
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NEED FOR EXPERTS IN
SELECTING THE RIGHT MIX DESIGN AND TEST

Not designing for a driveway, if runway airfield
mix was needed

Understanding
Tools



BE PRACTICAL!
THEORY VS. PRACTICALITY

Avoid measuring with a caliper precision,
..mark with piece of chalk
..and cut with
an axe

Must be able to see the dOtaI pIC'[U e O
and Not just a part
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ASPHALT MIXTURE

Test Methods D Permanent Deformation/Rutting

Hamburg Wheel Asphalt Pavement
Tracking Analyzer

\ ) Stress |
Y — — —
Simulative Time —
Deformation Vertical | T I
(Rut Depth) Deformation |~ e I
..................... .

» Cycles Time
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UNDERSTANDING THE PERFORMANCE-RELATED MIX
TESTS PART OF OAETGOs 5 YEAR VISION
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SP125FC2 OCATEO
Zone 3 (PGAC 70 -28 XJ)

SP12.5FC2 OCATDO SP12.5FC2 OCATEO
Zone 3 (PGAC 70 -28 XJ) Zone 3 (PGAC 70 -28 XJ)

Contractor A & B Mixes MTOOs Superpave Same as Round 1

Hot Mix Inter -Laboratory Testing
Program

Plant - Produced

Plant - Produced Lab-Produced
Lab-Compacted

Lab-Compacted Lab-Compacted
3 to 4 labs participated

4 to 6 labs participated 4 to 11 labs participated

Round 3
Included BMD exerscise

Understanding effect of  RAP up to 30%
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EFFECT OF VARIABILITY ON OBALANCE MIX DEISGNO OUTCOME
PERFORMANCE SPACE DIAGRAM (PSD)
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ACADEMIC WORKS IN PROGRESS

Establishing Low - Temperature
Grade of Asphalt Mixtures

Using Different Practice -ready
Asphalt Mixture Performance Testing Methods

Establishing High - Temperature

Grade of Asphalt Mixtures
Using Hamburg Wheel Track

Critical Evaluation of Flexibility

Index
Measured Using SCB

43



STRUCTURAL RESILIENCY

Need to Consider All Around Approach

Accelerated Loading Facilities
(ALFs)

Laboratory Torture Testing Pavement
Instrumentation
MATERIALS STRUCTURAL
STRENGTH RESONSE/RESILIENCE

FIELD
NON- DESTRUCTIVE
EVALUATIONS



STRUCTURAL RESILIENCY
Need to Consider All Around Approach



Last Few WordsE.
Enhancing our understanding, while being practical

1.
2.

Understand the thresholds

Collect at least 3- YEAR for Oinformation onlyO testing as part of MIX
DESIGN SUBMISSION

Understand efforts required in coarse and fine -tunning phases of
thresholds D avoid any desperate changes to mix design to just
pass the test (i.e. aggregate changes, PGAC and etc.)

Request PERFORMANCE- VERIFIED MIX DESIGN SUBMISSION
Control the Performance throughout the contract using traditional

Quality Assurance Measures (i.e. gradation and AC%)

ONLY do performance testing on plant - produced, field retained, and
fleld compacted if Forensics required
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Sina Varamini,

General Manager D Canada
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