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Thomas Harman
Senior Research Engineer

INTERTWINEDNESS
Information Garnered from the Latest NCAT Test Track Cycle

“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/

Have an Idea, Thought, Comment???

Tom.Harman@Auburn.edu
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Increasing use & volume of recycled materials

Inspired by an infographic by Isaac Howard
Reimagined by Tom Harman (NCAT)

BMD…
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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

SEAUPG 2025 Thomas Harman, Sr. Research Engineer-NCAT



11/19/2025

2

The 3-E’s…

Engineering
Economics
Environment

INTERTWINEDNESS

Volumetric-only 
mix design is not 
fully capable of 

dealing with 
present-day mixes

Pavement Condition Rating9

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!

NAPA

• As of 8/12/2025
• 249 Organizations
• 593 Asphalt Plants
• 8,247 Individual Mixes

https://asphaltepd.org/published/

The NCAT Test Track

America’s 
Asphalt Pavement 
Proving Ground

SEAUPG 2025 Thomas Harman, Sr. Research Engineer-NCAT
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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.

2
LAPS & COUNTINGLAPS & COUNTING

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

Dr. Randy West
Dr. Suri Gatiganti

Dr. Ben Bowers Tom HarmanDr. Fan Yin

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

18

SEAUPG 2025 Thomas Harman, Sr. Research Engineer-NCAT
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2015-2021 Cracking Group Experiment

19

• 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

20

N6 BMD
(2021)

S10 BMD
(2018)

S11 Volumetric
(2018)

Mix Design

5.35.54.7Total Binder Content

192020RAP Binder Replacement

4.04.04.0Air Voids (50 Gyrations)

16.416.615.0VMA*

12.412.611.0Vbe*

767673VFA*

* based on Gse

Mixture Designs

BMD Performance Diagram

21

Overlay Test

Hamburg WTT

Testing of reheated (RH) production samples.

TxDOT BMD Field Cracking Results

22Cracking performance: S10 BMD > S11 Volumetric 

20 21 22 23 24 25 26 27 28 29 30

TxDOT BMD Field Cracking Results

BMD overlay life 
extension 
> 9.6 MESALs 
(>1.5 times longer)

LCCA for Texas Mix Comparison

• TxDOT Life Cycle Cost Analysis Policy
• 40-year Analysis Period

• Discount rate: 3.72%

• Volumetric mix: $80.00/ton per TxDOT bid price database
• 12-year performance period (14.4 MESALs)

• BMD mix (S10): $84.80/ton (+0.64% PG70-22 × $750/ton)
• 20-year performance period (24 MESALs)

• BMD mix (N6): $84.00/ton (+0.53% PG70-22 × $750/ton)
• 25-year performance period (30 MESALs)

Image: ChatGPT 4o 

SEAUPG 2025 Thomas Harman, Sr. Research Engineer-NCAT
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LCCA for Texas Mix Comparison

Considerations
• Milling $1.25 / yd2

• Tack Coat $0.23 / yd2

• Patching $120/ton (1% prior to Mill/Overlay)

Maintenance
• Crack Sealing $0.30 / l-ft 

• Based on Test Track cracking rate

• M.O.T. 5.0% of Contract Effort

M & R Schedule 
LCCA – Net Present Value
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Life-Cycle Cost Analysis Results
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LCCA Net Present Value Comparison

Functional Unit – One Lane mile

(a) (b)

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

Functional Unit – One Lane mile

(a) (b)
MT = Metric ton
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SEAUPG 2025 Thomas Harman, Sr. Research Engineer-NCAT
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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

32

BMD and Sustainbility NCAT Cracking Group Experiment – QC Results

Recovered 
Binder Cont.  

Grade

As‐Const.
Density 
(%Gmm)

VMA 
(%)

Air 
Voids 
(%)

Eff. 
Binder 
Content 

(%)NMASDescriptionSection

88.6 ‐16.693.614.73.84.79.5 mm
20% RAP, PG 67‐22

(Control)
N1

82.8 ‐23.092.215.13.25.19.5 mm35% RAP, PG 58‐28S5

101.4 ‐21.591.814.73.15.09.5 mmControl w HiMAS6

Cracking Group Field Performance
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N1 Control

S5 (35% RAP PG 67‐28)

S6 (Control w HiMA)

(20% RAP PG 67‐22)

PG 58‐28)

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)

36

SEAUPG 2025 Thomas Harman, Sr. Research Engineer-NCAT
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Life Cycle Cost Analysis Results

37

Initial Construction Cost Comparison

Functional Unit – One Lane mile

LCCA Net Present Value Comparison

67‐22, 20% RAP
(11.4‐year life)

58‐28, 35% RAP
(17.2‐year life)

HiMA, 20% RAP
(21.1‐year life)

67‐22, 20% RAP
(11.4‐year life)

58‐28, 35% RAP
(17.2‐year life)

HiMA, 20% RAP
(21.1‐year life)

Life Cycle Assessment Results

Functional Unit – One Lane mile
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Our Challenge

40

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

Nuggets

SEAUPG 2025 Thomas Harman, Sr. Research Engineer-NCAT
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https://www.asphaltpavement.org/expertise/engineering/resources/bmd-resource-guide Online Opportunities

Free to DOT staff. Free to everyone.

Customized 
Training

Thank You

SEAUPG 2025 Thomas Harman, Sr. Research Engineer-NCAT




