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Market Motivations

Marshall Era

Have an Idea, Thought, Comment???

1
Increasing use & volume of recycled materials
[

Tom.Harman@Auburn.edu

Avg. State + Federal Fuel Tax

4

Zoom

Market Trends — RAP (million tons)

1980's 305 m ~9t0 13%
..

2021 3378 "

NCAT'’s mission.is to provide =
innovative, relevant, and
implementable research,

technology development, and
_edueation that advancessafe,
durable, and sustainable asphalt
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» As of 8/12/2025
e 249 Organizations
* 593 Asphalt Plants
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Wear

46 Sections 5 Trucks 1.7 Miles

On the Track Test Track Length

156 995 Ib 4,398,477

Truck Weight in our Fleet \Ls Applied

11 740,464

NCAT’s Test Track-the only high-speed; full-- 4%
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.

NCAT Test Track

BALANCED MIX DESIGN
AGGREGATE PROPERTIES
BINDER CHARACTERISTICS
STRUCTURAL PAVEMENT DESIGN
TIRE-PAVEMENT INTERACTION
ADDITIONAL GOODIES
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Our 8 Research Cycle Sponsors!

BMD and Sustainbility

Dr. Suri Gatiganti

Dr. Randy West Dr. Fan Yin Dr. Ben Bowers Tom Harman
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s BMD Experiment

Department
'of Transportation

* 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

S10BMD N6 BMD
(2018) (2021)
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- el Mixture Designs CAT

Department
'of Transportation

« 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

Mix Design S11 Volumetric $10 BMD N6 BMD
8! (2018) (2018) (2021)
a7 5.5 5.3

g — 1 — Total Binder Content
pe;iff"ﬁ.m - RAP Binder Replacement 20 20 19
of Transportation il
Air Voids (50 Gyrations) 4.0 4.0 4.0
— VMA* 15.0 16.6 16.4
— . — Vie* 11.0 12.6 12.4
I VFA* 73 76 76

* based on G,,

BMD Performance Diagram

—~S$11 Volumetric ~510 BMD N6 BMD
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OT Crack Progression Rate (B)

"Sweet Zone" 0123456 7 8 9 10111213 14151617 18 19 20

-‘ Million ESALs

HWTT Rut Depth at 15k Passes (mm) Hamburg WTT

Cracking performance: S10 BMD > S11 Volumetric

Testing of reheated (RH) production samples.

LCCA for Texas Mix Comparison

<511 Volumetric  ~S10 BMD N6 BMD : » TxDOT Life Cycle Cost Analysis Policy
30% BMD overlay life : .
o5 exteénsion * 40-year Analysis Period
>9.6 MESALs « Discount rate: 3.72%

(>1.5 times longer) + 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 x $750/ton)
+ 20-year performance period (24 MESALs)

+ BMD mix (N6):  $84.00/ton (+0.53% PG70-22 = $750/ton)

5%

012 3 4 5 6 7 8 9 101112131415 16 17 18 19 2021 222324252627282930

Million ESALs < :5-year performance period (30 MESALs)
[ =k @ﬁ‘m‘.ms;
[~ = CAT
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LCCA for Texas Mix Comparison

Considerations
« Milling

* Tack Coat

« Patching

$1.25/ yd2
$0.23 / yd2

Maintenance
« Crack Sealing $0.30 / It

+ Based on Test Track cracking rate

« M.O.T. 5.0% of Contract Effort
=t
—7

$120/ton (1% prior to Mill/Overlay)
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M & R Schedule

LCCA — Net Present Value
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Life-Cycle Cost Analysis Results

Initial Construction Cost Comparison

LCCA Net Present Value Comparison

@

Functional Unit — One Lane mile

$120,000 $400,000
 $100,000 Basis 4.2% 3.6% = Basis
o) 2 $300,000
£ $80,000 E
o @
5 $60,000 5 $200,000
3 3
% $40,000 =
g & $100,000
©  $20,000 z
s 5
VolumetricMix ~ BMD BMD Volumetric Mix
(144 MESAL (24 MESAL (30 MESAL (14.4 MESAL
12rlife)  20yrlife)  25-yrlife) 12-yr life)

-37%
I -48%

BMD BMD

(24 MESAL (30 MESAL

20-yrlife)  25-yrlife)
(b)

Life Cycle Assessment

+ Same Analysis Period and
Performance Periods as LCCA
» Use Stage is not included
* No Third-Party Validation (R&D)

bty Production

)~
ovm-wl'ﬁw'

Pavement \
Life Cycle

LCA Pave: A Tool to Assess
Environmental Impacts of
a1

Eseliity

Life-Cycle Assessment Results

WCAF

‘Hatignal Canter for
A

Total Life Cycle Perspective

Cradle-to-Construction

Cradle-to-Grave

MT = Metric ton @

Functional Unit — One Lane mile

_80 __200 -
270 Z1g0 Basis
€ 111% 9.3% € 160
¢ gg Basis 2 140
= 2120
3,40 2,100
£ i
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52 5 i
510 S 20
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Volumetric Mix ~ BMD BMD Volumetric Mix
(144 MESAL (24 MESAL (30 MESAL (14.4 MESAL
12rlife)  20-yrlife) 25y life) 12-yrlife)

-17%

I '37%

BMD BMD

(24 MESAL (30 MESAL

20yrlife)  25-yrlife)
(b)

Initial Construction
(Cradle-to-Constructed)

Full Life Cycle
(Cradle-to-Grave)

Volumetric
E 300 ] 20% RBR
A G 7622
60 ]
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Emissions, M-Tonne CO2e / lane mile

=10 A aowrer
212 PG 76-22
50 £ 100
$75 $80 $85 5 $100 $120 $140 $160 $180

Cost, $1000 / lane mile NPV, $1000 / lane mile

@511 mS10 AN6 @511 mS10 AN6
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Case Study No.2

» 2015-2021 NCAT Craeki

» Correlation of BMD @
Performance

BMD and Sustainbility

NCAT Cracking G i QC Results

Binder Air As-Const. Recovered
Content Voids VMA Density Binder Cont.
Description (%) (%) (%G m) Grade

20% RAP, PG 67-22

(Control) 88.6-16.6

35% RAP, PG 58-28 5 . 82.8-23.0

Control w HIMA i X 101.4-21.5

Cracking Group Field Performance

100%

80% —N1 Control  (20% RAP PG 67-22)
S5 (35% RAP PG 58-28)

Total Cracking
(% of Lane Area)

60% —S6 (Control w HiMA)
40%
20% mmmmmm e
0% J
0 5 10 15 20

ESALs (Millions)

LCCA for Cracking Group

« NCAT LCCA recommendations for AILDOT &l
+ 40-year Analysis Period e
+ Discount rate: 4.0%
» Performance Periods
« Control mix: 1 yr.on TT = 3.5 yrs on 1-85 = 11.4 years
« 35% RAP mix = ratio of NCAT-OT B = 1.51 = 17.2 years
* HiMA mix = ratio of NCAT-OT B = 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

Initial Construction Cost Comparison LCCA Net Present Value Comparison Initial Construction Full Life Cycle
(Cradle-to-Constructed) (Cradle-to-Grave)
$80,000 $150000 _ 50 5 180
z 42 Hincrease o 8% decrease 245 £ 41% D
4 2 E 18% Increase g 10 o-Decrease
E E <0000 @ 40 5 27% Decrease
g se0000 H S0 s 3% Decrease g
- NoChange 2 26 docrease 3% e £
] g s9000 S 30 < 0
5 $40,000 E 525 7 ©
00 = 8
: i ex .
$20,000 F g 15 s
g £ smo : $
3 F s 10 &
£ s g . % 5 20
67-22,20% RAP  58-28, 35% RAP HiMA, 20% RAP 67-22,20% RAP  58-28, 35% RAP  HiMA, 20% RAP 0 0
(11.4-year life) ~ (17.2-year life) ~ (21.1-year life) (114-year life]  (17.2-year life)  (21.1-year life) 67-22,20%RAP  58-28,35% RAP  HiMA, 20% RAP 67-22,20%RAP  58-28,35% RAP  HiMA, 20% RAP
(114vearlife)  (17.2vyearlife)  (21.1-year life) (114yearlife)  (17.2+earlife)  (211-ear life)
Functional Unit — One Lane mile Functional Unit — One Lane mile

Total Life Cycle Perspective \NCAT NCAT

Initial Construction Full Life Cycle
(Cradle-to-Constructed) (Cradle-to-Grave)

5 140 Control EPDs do not ensure performance
LX  20%RAP
PG 67-22

j Traditional Asphalt AQCs
are primarily a measure of quantity NOT quality

Emissions, M-Tonne CO2e / lane mile
Emissions, M-Tonne/CO2e ) lane mile

30 80 A
25 60
$35 $45 $55 565 $60 $80 $100 BMD needs to be integrated into Mix Design & QA
Cost, $1000 / lane mile Cost, $1000 / lane mile
@®N1 @S5 AS6 @®N1 @S5 AS6

Nationa| Center for
echralogy

CAT

Erre——
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https://www.asphaltpavement.org/expertise/engineering/resources/bmd-resource-quide

Online Opportunities
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