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Innovation is Disruptive



“WHAT WOULD 
YOU DO 

DIFFERENTLY?”

“HOW CAN WE
  DO BETTER?”

Image: https://www iheart com/content/2024 12 17 beautiful pennsylvania road crowned most scenic drive in the state/



The Who – 
The Critical Role of Champions

80/20 Rule

10% more is only 4 hours a week

Have a Plan

S.M.A.R.T. Goals

Use your Resources

You are not alone



Challenge
“Whenever enemies have the ability 
to attack the innovator, they do so 
with the passion of partisans, while 
the others defend them sluggishly so 
that the innovator and their party 
alike are vulnerable.”

-Niccolὀ Machiavelli, The Prince (1513)
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NCAT’s mission is to provide 
innovative, relevant, and 
implementable research, 
technology development, and 
education that advances safe, 
durable, and sustainable asphalt 
pavements





NCAT welcomes new inductees to the Wall of Honor



The 3-E’s…

Engineering
Economics
Environment

INTERTWINEDNESS



Volumetric-only 
mix design is not 
fully capable of 

dealing with 
present-day mixes

Pavement Condition Rating11

2002 2020

Unintended 
Consequences



Life Cycle Assessment

• A systematic analysis 
of the potential 
environmental impacts 
of products during 
their entire life cycle

    LCCA is a financial
    accounting 
    LCA is eco-accounting

Materials 
(A1)

Transport 
(A2)

Production 
(A3)

Construction 
(A4, A5)

Use (B1, B6, 
B7)

Maintenance 
and 

Rehabilitation 
(B2-B5)

End-of-Life 
(C1-C4)

The 
Pavement 
Life Cycle

CO2e

CO2e

CO2e

CO2e

CO2e

CO2e

CO2e

START HERE!



What are LCA, EPD, and PCR?

PCRThe Guidelines:
“Set of specific rules, required for developing
 EPDs of a product”

LCA
The Analysis:
“Evaluates the environmental impacts of a product 
over its service-life”

Product 
Category Rules 

for Asphalt 
Mixtures

EPD
The Communication:
“Provides environmental information of a product”



Asphalt Mixture EPD’s

• The current NAPA Eco-Label 
program covers only the 
“Cradle-to-Gate” system 
boundary (EPD)

• Is it fair to compare the 
environmental impacts of two 
mixtures just based on “Cradle-
to-Gate”?

• How important is it to consider 
life-extension benefits in LCA 
consideration?



Pennsylvania 

• Currently…
•      19 Organizations
•      70 Asphalt Plants
• 1,456 Individual Mixes

https://asphaltepd.org/published/ 

https://asphaltepd.org/published/


Random EPD from PA…

A1 - MATERIALS

A2 - TRANSPORT

A3 - PRODUCTION



EPD Units: ##.## kg CO2e / ton of mix

A1 - MATERIALS

A2 - TRANSPORT

A3 - PRODUCTION

15.03

3.45

22.93

41.41



A Simple Mix from a Typical Plant

Materials (A1)
• 95% aggregates
•   5% asphalt binder

Transport (A2)
• 22 miles by truck

Plant Operations (A3)
• Burner fuel – Natural Gas
• 289,000 Btu/ton
• 3.3 kWh/ton – Average grid

Materials (A1) Transportation (A2) Plant Operations (A3)

54.7 kg 
CO2e/ton

60.3 kg CO2e/tonne



The NCAT Test Track

America’s 
Asphalt Pavement 

Proving Ground



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.

Test Track by the Numbers



NCAT Test Track

1. BALANCED MIX DESIGN 
2. AGGREGATE PROPERTIES 
3. BINDER CHARACTERISTICS 
4. STRUCTURAL PAVEMENT DESIGN
5. TIRE-PAVEMENT INTERACTION 
6. ADDITIONAL GOODIES



Our 8th Research Cycle Sponsors!



BMD and Sustainbility



BMD Experiment

• Field performance comparison of asphalt mixes 
designed with Volumetric vs. BMD approaches

• 2.5-inch mill-and-inlay
• Underlying pavement 15-20% lane area cracking
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• TxDOT 12.5mm Superpave-C surface mix – “Volumetric”
• PG 70-22 SBS binder in all three test sections
• BMD approach A: Volumetric Design with Performance Verification
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Mix Design S11 Volumetric
(2018)

S10 BMD
(2018)

N6 BMD
(2021)

Total Binder Content 4.7 5.5 5.3
RAP Binder Replacement 20 20 19

Air Voids (50 Gyrations) 4.0 4.0 4.0

VMA* 15.0 16.6 16.4

Vbe* 11.0 12.6 12.4

VFA* 73 76 76
* based on Gse

Mixture Designs



BMD Performance Diagram

27

Overlay Test

Hamburg WTT

Testing of reheated (RH) production samples.



TxDOT BMD Field Cracking Results

28Cracking performance: S10 BMD > S11 Volumetric 



TxDOT BMD Field Cracking Results

29

BMD overlay life 
extension 

> 5.5 MESALs 
(>1.3 times longer)



LCCA for Texas Mix Comparison

• TxDOT Life Cycle Cost Analysis Policy
• 40-year Analysis Period
• Discount rate: 3.72%
• 12-year performance period for volumetric mix
• Volumetric mix: $80.0/ton per TxDOT bid price database
• BMD mix:  $84.8/ton 

• $80/ton + 0.64% more virgin PG 70-22 binder × $750/ton



M&R Schedule for LCCA and LCA
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Year Volumetric Mix
(14.4 MESAL Life)

BMD Mix 
(20 MESAL Life)

BMD Mix
(30 MESAL Life)

0 Initial construction Initial construction Initial construction
12.0 2.5” mill & fill
16.6 2.5” mill & fill
24.0 2.5” mill & fill
25.0 2.5” mill & fill
33.2 2.5” mill & fill
36.0 2.5” mill & fill
40.0 End of analysis period End of analysis period End of analysis period

Remaining Life (yrs.) 8.0 9.8 10.0



Life Cycle Cost Analysis Results

Initial Construction Cost Comparison LCCA Net Present Value Comparison

Functional Unit – One Lane mile



Life Cycle Assessment
• Same Analysis Period and 

Performance Periods as LCCA
• Use Stage is not included
• No Third-Party Validation (R&D)



Life Cycle Assessment Results
Initial Construction

(Cradle-to-Constructed)
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Life Cycle Integration
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Case Study No.2
• 2015-2021 NCAT Cracking Group Experiment
• Correlation of BMD Cracking Tests to Field 

Performance 



2015-2021 Cracking Group Experiment
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http://www.brandsoftheworld.com/download/brand/129739.html


BMD and Sustainbility



NCAT Cracking Group Experiment – QC Results

Section Description NMAS

Eff. 
Binder 

Content 
(%)

Air 
Voids 

(%)
VMA 
(%)

As-Const. 
Density 
(%Gmm)

Recovered 
Binder Cont.  

Grade
N1 20% RAP, PG 64-22

       (Control) 9.5 mm 4.7 3.8 14.7 93.6 88.6 -16.6

S5 35% RAP, PG 64-28 9.5 mm 5.1 3.2 15.1 92.2 82.8 -23.0

S6 Control w HiMA 9.5 mm 5.0 3.1 14.7 91.8 101.4 -21.5



Cracking Group 
Test Section Layer Thicknesses

40

Surface (Experimental) Layer 1.5”

HiMA mix Intermediate Layer 2.25”

HiMA mix Base Layer 2.25”

Granular base 6”

Stiff track subgrade infinite

6”
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Cracking Group Experiment: 
BMD Cracking Test Results & Field Performance

Section Description

Critically Aged Test Results
% Lane Area 

Cracking

CTindex

Flexibility 
Index OT-β

NCAT-OT
β Sapp

Feb. 2021
20 MESALs

N1 20% RAP PG 64-22
(Control) 8.8 0.6 2.08 0.50 18.6 44.5

S5 35% RAP PG 64-28 16.3 1.8 1.54 0.33 45.3 1.1

S6 Control w HiMA 18.7 3.8 1.07 0.27 48.0 0.9



Cracking Group Field Performance
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LCCA for Cracking Group

• NCAT LCCA recommendations for
• 40-year Analysis Period
• Discount rate: 4.0%
• Performance Periods

• Control mix: 1 yr. on TT = 3.5 yrs on I-85 = 11.4 years
• 35% RAP mix = ratio of NCAT-OT β = 1.51 = 17.2 years
• HiMA mix = ratio of NCAT-OT β = 1.85 = 21.1 years

• Mix Costs
• Volumetric mix: $70/ton per ALDOT bid price database
• 35% RAP mix: $70/ton (PMA binder & RAP savings wash)
• HiMA mix:  $100/ton (estimate)
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Life Cycle Cost Analysis Results

45

Initial Construction Cost Comparison LCCA Net Present Value Comparison

Functional Unit – One Lane mile



Life Cycle Assessment Results

46 Functional Unit – One Lane mile
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Life Cycle Integration
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FHWA LCTM Grant Program

• Nov 2024, 37 State DOTs, 
DC, and Puerto Rico were 
awarded grants for a total of 
$1.2 billion dollars. 

• The maximum grant per 
recipient was $32 million 
dollars.

48
Image: FHWA website.

https://www.fhwa.dot.gov/lowcarbon/ 

https://www.fhwa.dot.gov/lowcarbon/


Why BMD?

• Volumetrics do not ensure 
performance

• What may be the impact of 
conducing EPD 
benchmarking on existing 
materials?

2020

Superpave
Consequences



LCTM Challenge 

52

BMD needs to be integrated into Mix Design & QA

Traditional Asphalt AQCs 
are primarily a measure of  quantity NOT quality

EPDs do not ensure performance



Consider Leveraging BMD

• PennDOT advancing BMD
HWTT
 IDEAL-CT
Delta Tc

https://www.asphaltpavement.org/uploads/documents/ERT%2
0Related/BMD_Resource_Guide/PA-SOP_11.2024.pdf 

https://www.asphaltpavement.org/uploads/documents/ERT%20Related/BMD_Resource_Guide/PA-SOP_11.2024.pdf
https://www.asphaltpavement.org/uploads/documents/ERT%20Related/BMD_Resource_Guide/PA-SOP_11.2024.pdf




Nuggets



Sample Preparation Guide

• As the asphalt industry moves toward 
BMD and performance testing it is 
important to remember that the 
preparation of the samples being 
tested can affect the results of the 
testing. 

• The Guide on Asphalt Mixture 
Specimen Fabrication for BMD 
Performance Testing is helpful in 
obtaining consistent results



The Challenge of Time/Logistics

Sample 
Mix for 

QA

Lag 
Time

(with & without 
Reheating)

Compact 
Test 

Specimen

Dwell 
Time 

Condition 
& Test 

Specimen



Online Opportunities

Free to DOT staff. Free to everyone.





Field Validation

1 Advantages, 
Disadvantages, and 
Limitations of Existing 
Open-Road Test 
Sections

2 Types of Distresses 
Evaluated in Field Sites

3 Range of Mixtures 
and Materials in the 
Field Validation Effort

4 Number of Test 
Sections for a Site

5 Length of Test 
Sections

6 Roadway Geometrics 
to Avoid

7 Sampling, 
Conditioning, and 
Testing Plan

8 Pavement 
Performance 
Monitoring, Traffic, 
and Climate Data 
Collection

9 Forensic 
Investigation

10 Data Analysis and 
Application of the 
Results in 
Specifications

11 Establishing Interim 
Minimum Criteria

APPENDIX 
History of Road Tests



Customized 
Training
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