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Preamble

David Brower,

“We do not inherit the land from our fathers, we
borrow it from our children.”

The environment is very important!
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'.V Administration

FHWA Pavement & Materials Program

Providing leadership and technology for the delivery of long-life pavements that meet
our customers needs and are safe, cost effective, and can be effectively maintained.

Maintenance &
Preservation Test Procedures

Stakeholder
Engagement

Measurement ONSLruction’ &
& Management & Acceptance

»

 National Leadership

e Technical Assistance

e Training

e Peer Exchanges/Networks
* Reviews

e Policy & Guidance

e Best Practices

¢ Technology Deployment

¢ Stewardship/Oversight
e Competent Workforce

e Long-Life Pavements

o Effective Investment by
State Partners

o Effective Management of the
Assets
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Commitment to Stakeholder Engagement
in the Pavement & Materials Program

Asphalt Concrete
Pavements Pavements

Sustainability
ETG

Mixture &
Construction Binder ETG Models ETG
ETG

Executive ETG Engineer ETG

Task Group Task Group

Preservation Track Team
ETG

WMA MSCR Pavement | Roadmap

Linear
=1 Amplitude
Sweep TG AASHTO
Subcommittees

Task Group Construction | Maintenance Materials Track Team...

RAP/RAS
Task Group

Roadmap
Track Team

AASHTO JTP

Construction DGIT
Task Group . -




“If you can’t measure it, you can’t manage it.”
Peter Drucker

k A company’s primary
e responsibility is to serve its
customers

e e ko v b

e e

BusinessWe

Why Peter Drucker’s
ideas still matter
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Authorization

* MAP-21

DIVISION A—FEDERAL-AID HIGHWAYS AND HIGHWAY SAFETY
CONSTRUCTION PROGRAMS
TITLE |—FEDERAL-AID HIGHWAYS

Subtitle A—Authorizations and Programs

— Asset Management Plan Requirements
— Performance Management (Measures/Metrics)




What is...

1. Measure A. Miles of

\/ Good | Fair |

N

2. Metric B. IRI (inches/mile)




Performance Program Asset Management

e Vleasures / Metrics (A) Listing of assets (condition)
* Pavements (Good | Fair|Poor) (B) Objectives and measures

(C) Performance gaps

(D) LCC/Risk analysis

e |Rl (Level 1)
e Structural ‘l
e Functional

e GOAL Composite (E) Financial plan

(F) Investment strategies




Rulemaking Process

The Regulatory Process (Regulation, aka Rule)

...In simple terms, a FHWA document that may require the
members of the public to do something, or prohibit them from
doing something, is a regulation... FHWA authority to issue
regulations comes from a number of different laws, and the
FHWA issues regulations in a number of areas. However, to be
valid, a regulation must not only be consistent with its
underlying statute, but also must be promulgated in a
procedurally correct manner...




Administrative Procedure Act (APA)

Pub.L. 79-404, 60 Stat. 237, enacted June 11, 1946

MAP-21 GOAL: 18 months

 Provides for public notice and opportunity
for comment on proposed rules,

* Requires an agency to explain the basis
and purpose for its rule, and

* Provides for judicial review of the agency’s
actions.




A Historical Perspective...

Customer Service
 There is no one perfect pavement, a

pavement should meet the needs of the
community and no more.

| é Community Needs (Local to National)

Bureau of Public Roads c. 1919...



Key Pavement Question

Where are the greatest potentials,
d within our control, for reducing
environmental impacts???




Extraction
Production
Transport

Pavement Life-Cycle

Rolling Resistance
Carbonation
Lighting
Albedo
Leachate

Traffic Delay
On-site Equipment

Traffic Delay
Extraction
Production
Transport

Traffic Delay
Salvage
Transport...



http://www.dot.ca.gov/newtech/roadway/pavement_lca/index.htm
http://www.dot.ca.gov/

Ex. Estimate of Total US Emissions for
Hot-Mix Asphalt Production
-

e Qur Nation:

—|In 2011,
380 million tons of asphalt mix

e Typical HMA Production Parameters
— No. 2 Oil, 4% Stockpile Moisture
— 330°F Mix Temperature (350°F Stack)

e Total Estimated Annual HMA Emissions ™ I.
— 8,222,000 US tons CO,e




<~JIWMA Usage

Percentage of Total Asphalt Production in US
source: National Asphalt Pavement Association

-
- 20+%

1% O
-




As the US continues to move from
Hot-Mix to ~JATRA A

Equivalent of removing 1.5 milliongears of the road each year!

]

25% Savings

Warm Mix

LCA Input

Hot Mix

Millions

Total Estimated Emissions, tons CO,e

Total Predicted WMA Annual Emissions ~
6,087,000 US tons CO,e at 265°F



Extraction
Production
Transport

Recent Focus

Rolling Resistance .
Carbonation Traffic Delay

Traffic Delay Lightin Extraction
On-site Equipment ghting Production

Albedo Transport
Leachate P

Traffic Delay
Salvage
Transport...
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Relative Fuel Efficiency Savings

.‘ - - -
— Rigid versus Flexible Pavements
i
¥ Passanger Car

- o - ) ™ Freight Truck
o W Freight Truck

5 Y 1 2] B 260 S

MIRIAM NCHRP 1-45 . (unpublished)
Not (80°F) ‘
| g 104°F)
Statistically on'

Significant fimph, °F)
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How is this information bein;;
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Proving the Adage

vv_’-fm \

For every Ph.D. there is an equal and opposite Ph.D.
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Understanding Use Phase

Vehicle Operation — Fuel Economy & Emissions

e |dentify Relationships Needed for Analysis

z/ e |dentify Sources ﬂ

/l e Define Pavement Section(s)

/l e Conduct Scenario Analysis

T e

-~




| ll Effi&cies '

e What is the US fleet-wide ave?gge for
passenger cars (2011)?

A. 18.5 mpg
B. 21.5 mpg
C. 23.0 mpg
D. 25.5 mpg




Historic Changes in Fuel Economy
9 Models City MPG 1992 to 2007

—

Chevy C1500 V8

Dodge Dakota V8

Ford Explorer 4WD

Chevy Corvett

Toyota Camry

Toyota Corolla

Nissan Sentra
Honda Accord

Honda Civic

-10 0 10 20 30

m City Difference ®2007 m 1992

= -
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‘ SUEl Efficiencies
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.18 Wheeler mpg diesel (ca rﬁfrei nt)
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igh side ~ 11 mpg
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Reasonable to Assume
(But for Today: let’s Assume NO Change)

Historic and Projected Fuel Economy

w
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AHybrids and other
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* Freight Load limits

1/1/1992 1/1/2011
Time, Years

may raise from 80
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What are the relationships
between RR, fuel
consumption, & Emissions?

4




Ongoing Effort

T :
V Road Directorate

MIRIAM: MODELS FOR ROLLING
RESISTANCE IN ROAD
INFRASTRUCTURE ASSET
MANAGEMENT SYSTEMS

Bjarne Schmidt, Danish Road Directorate, Denmark

&

e



Factors Effecting Fuel Efficiencies
Total Driving Resistance

Vehicle Gravitational

Propulsion Engine

Auxiliary Equipment

Vehicle Driving Vehicle Body Air

s (W ferodynamies,

Tire/Road Rolling

: " Bearing
aerodynamic dr,
/ . .
: Transmission
| w -

inertia

; £ ; .
w—ﬁg Suspension




Rolling Resistance (RR)
Fuel Consumption & Emissions |

 Present Knowledge
— Bjarne Schmidt, DRI, Denmark

e Passenger Car at 60 mph
— 50% of fuel consumption to overcome RR

 Truck at 50 mph
— 40% of fuel consumption to overcome RR

L.

4 W fuel consumption

&= i




Tire Wear, Traction, & Force Generation
Automotive View on Rolling Resistance

e Operation of a mid-sized gasoline fueled car
like a Chevrolet Malibu or Ford Focus.

Marion Pottinger, Ph-D, P.E.

7 e‘“r
/ gineering, LLC

l Tire Mechanics and Tire/Vehicle Interactions

1465 M. Hametown Rd.. Akron, Ohio 44333-1055, USA
1-{330) 666-8587 mpottingen@roadrunner.com




Alternatively: Highway Driving

(Source: M’gineering, LLC: Dr. Mariom Pottinger)

m Rolling Resitance

® Braking

69% = Aero

* Accessories
5%

® Standby
25% 20% —_—

* Losses

Engine Driveline " Potentail

-'raking \

s Driveline

-



Fuel Consumptions to Overcome RR
RR Loss / Driveline Potential

Passenger Car

Pavement Auto

Perspective Perspective

50%

250,  31% | 99%

DRI - 60 mph DRI - Ave Urban Highway
Denmark M’gineering, LLC







Fro Went Perspective
/)m/v at is in Our Control?

0 eTexture, f(time)






Understanding Tire/Pavement
Interaction

o Key Reference:

— Tyre/Road Noise Reference Book

Ulf Sandberg
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Pavement Texture Ra nges N
Defined by Sandberg, et.al. "%;.3

(The vahicla) Referance langth:
Unevenness

"Short stretch of road”

Amplification ca. 50 times

Amplification ca. 5 times

"Tyrefroad contact patch'] e

Ammplification ca. & times
> Texture

Wavelength
(mm)

50 - 500 0.1-50
0.5-50 0.1-20
<0.5 0.001-0.5

Typical Peak
Amplitudes

Microtexture




PIARC Pavement Surface Characterizes
(Scale: um, 10°® m)

It Microtexture Macrotexture Roughness
I R R

Ride Quality (IRI)

I
Rolling Resistance

Vehicle Wear
In-Vehicle Noise
Tire-Pavement Noise
Splash & Spray

Wet Weather Friction | Key:

. Dry Weather Friction Budl i o:

Good Impact
I




Dependent on Similar Textural Range
(Scale: um, 10°® m)

Roughness

Ride Quality (IRI)

Rolling Resistance

Key: » Measure = Texture (Macro, Mega, Roughness)
Bad Impact e Measure = Ride Quality

Good Impact M ® Outcome = Rolling Resistance = f(IRl, Texture...)
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When did Engineers first start exploring
concepts of rolling resistance on pavements?
A. Mid 1800’s (Horse-drawn carriages)
B. Early 1900’s (Trail Road Associations)
C. Mid 1900’s (Bureau of Public Roads)
D. Late 1900’s (pending ‘97 Kyoto Protocol)
E. I like Ice cream




& LITTLE HISTORY... 1845

Robert W. Thompson, a Scottish
engineer, received a British patent
for his new pneumatic carriage tire

greatly reducing rolling resistance
fO F'ce. Mecbanics’ Magagine,

MUSEUM, REGISTER,JOURNATL, ANDGAZETTF.
“Ne.12.]  SATURDAY, MARCH 27,  [Price 34,

Result of Esperiments tried by Messrs, Whitehurst and Co., and {he Patentee, for
ing {Ae comparative Drought of R. W. Thomson's Patent Aerial Wheels and
the common Wheels, Tried in Regent’s Park, March 17, 1847.

Weight of Carriage, 10§ cwis.
Over pew broken fints.. .cuuueuanen.. 1




1888 ~ 40 YEARS LATER...

John Boyd Dunlop, who knew nothing
of Thompson, invented the pneumatic
tire to improve the horrible ride of the

™= now common bicycle




1888 DUNLOP
ROLLING RESISTANCE TEST

Dunlop just rolled his tire across the courtyard.
His would go far enough to hit the wall. The solid
tire would not. (AASHTO TP 001) ©




Fast Forward 165 years

e Rolling Resistance
— Direct Measurement

— Modeling RR from Pavement Surface
Characteristics

L.
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Round Robin Test (RRT)

;/r

at IFSTTAR in Nantes H

Tecj Univ of
/GHlansk

F(Poland)
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US RR Device?

e Most research in the US
has focused on tire and
vehicle drag...

e Automotive perspective.




MIRIAM Modeling Rolling Resistance

! Texturei ,{J R Tﬂ Speed RR




RRC=C, + C, MPD + C, IRl + C, IRI (V-V._/)

For a car:

RRC = 0.0148 + 0.0020-MPD + 0.00064-IRI +
0.00005-IRI-(V - 20)

For a truck:

RRC = 0.0061 + 0.0014-MPD + 0.00095-IRI +
0.000076:IRI-(V - 20)

Where:

a 2 De pth (mac ote Volvo FH-480,
: 2N -

onal Roughness Inde ?_;..;;
Speed in meter/sec -

. ] | 1
.'..I — ;
i \."‘J"

27tons




What is the potential impact of RR on fuel efficiency?
EU — Energy Conservation in Road Pavement Design

10 %tRR ~ 3%' Fuel Consumption







Stiffness Concept
ldeal Spring: load/unload (no losses)

0
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Stiffness Concept
ldeal Spring: load/unload

=
=
©
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50 100 150 200

Displacement (um)




Hysteresis effect
Energy Loss during load/unload

50 100 150 200 250

Displacement (um)

‘

o i



Benbow et.al.(2007) Lab Study at TRL, indicated a
positive effect of stiffness; however, the effect was

not statistically significant.

Concrete Asphalt Pavement

iy i)
il N7/ //4
)

Load [kN]

Displacement [pm]

2sis effect meast
e pavement (left),




However... NCHRP 1-45 VOC Model

All Things Equal (Similar in concept to MIT)
IRl = 95 in/mile, MPD = 0.05 in, 80°F

Percent difference in fuel consumption per vehicle type
Air temperature = 86 °F (30 -C)

5
X
= 4
&
£ 3
a
%2
:_-,1
3
S 0
@ -l
2

W 35 mph (56 km/h) & 45 mph (72 km/h) /55 mph (88 km/h)




NCHRP 1-45 Model does not appear to
address AC Stiffness Adequately

Typical Unmodified Asphalt Binder Master Curve
(FHWA ALF)
100,000

10,000

1,000

100

10 “ Average, |E*| Mpa

Sigmoid Fit, |E*| Mpa

1
1.E-08 1.E-05 1.E-02 1.E+01 1.E+04 1.E+07

Reduced Freq. (Hz)
Special Thanks to Dr. Nelson Gibson




1-45 Model Fuel Consumption
for Asphalt & Concrete

NCHRP 1-45 Models - Articulated Truck

35mph

3,000 _, AC

Z, k

2,500 £ -=-PCC

=4 AC|E*|

N
-
-
o

Modulus |E*| at 10

IC

AC Dynam

Air Temperature, °F
or Speed, mph







State Data Collection
Smoothness Data for HPMS

Questions? Concern
~%, State DOT l
We think ~ % do '

Who is collecting the data? ~% Contracted Out l

Daily Calibration

I

l

l We think > 7% do
Sampling Frequency l % Network each yr

I

l

l

Certification Some RR Testing
Changing to annual l
Sampling Rate(*) Unknown l From 1” to 13”

Independent Assurance None

Material Effects (PCC) Not accounted for in data collection

Certification: to reference roadway surveyed
(*) Proposed AASHTO R43 will standardize it 1”
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e Analysis Period = 30/ years
e 2-way AADT, ;... ~29,800 vehicles/ day
e 29% Trucks (Total Rural Interstate - IDOT)
_* 36% Passenger Vehicles
e 35% Lt. Wt. Trucks (including SUV’s)

e 80 million Total Design ESALs (2,680 kESAL/yr) -
* Project Length is 25 miles

|

ACPA

”7»

Total ESAL Calculffor™ _ -




Ottawa, lllinois
T 2009 ADT

-

28l RE 10
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Annual Average 24-Hour Traffic Volumes

EBI} Traffc 1rv l.-:.--q;-_
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Comparison Section
Glooptonite™

» Constant Surface, “Fair Condition”

— IRl =112 inches/mile [ —
1.77 m/km

— I\/IPD 0.900 mm

l: 125
- ‘ 100 n




JLTPPJ GPS-1 (AC) IRI Model

* IRl =-0.143 + 1.0765(IRI,) + 0.0424(6 Time) +
0. 0094(Traff|c1/2 / SN°) + 0.0012 (6 Time *PL) +
0.006(6 Time * BaseP200)

* Based on 168 sections
e 40% of the GPS-1 sections were deassigned

age at deassigl

ge IRI at de




From a Materials Perspective

Future Ph.D. Topic

3.50
_.. Not So Good
2’ s
c; \
o 2.50 E
@ \
= \
gZ.OO “\
z . Good
€ 1.50 -

85 87 89 91 93 95
Initial Density, % Gmm

m(IRl,o) =m_.. + m

a=-6+(-12/G )¥(G

| mm-range

G

mm-initial ~ mm-min)

S
N
o o

uooo
o o

)/106 ESAL
.y
o

m/km
Noow
o o

(
o =1
o o

88% of Gmm - Low 96% of Gmm -
Compaction

In situ Density

High Compaction

H Fair Mix
B Good Mix




/ﬂp/ SPS-9: Validation of SHRP Asphalt
Specification and Mix Designh — Superpave®

o Simplified IRl Model for Superpave (Interstate)

IRI, = IRI, + 1.4 Time (yr), in/mile
IRI, = 65 + 1.5 t (Scenario), year 1 to 18

IRI, = 85 + 1.8 t (Scenario), overlay @ 18+

Interstate l
US Route |

State Road l
] e




LTPP IRI Models

AC Sections (GPS-1 & Superpave®)

LTPP IRl Data, GPS & Superpave®

=—=5PS-9

10
Service Life, years

'

o i



LTPP Data - Concrete

GPS-3 (JPCP) — Doweled & GPS-4 (JRCP)

LTPP IRl Model, JPCP (Dowels) & RICP
IRI, = 0.12284 + 0.94229 IRl, - 0.00733 (Time x PCC,,)

=—=GPS-3JPCP

-—=GPS-4JRCP

10 15 20 25 30
Service Life, years

T ... B



Not Considered... Yet

TechBrief

JULY 2010 | FHWA-HIF-10-01088 4 -
Our understandlng of'ff;;_"-f ncrete

: : A --;tfﬁ
roughness has advanced consmdbraslashgt1 ]

® Quartile 1
= Minimum
A Median

< Maximum
% Quartile 3

M Widnight Profile

B

B Noming Profile
[ Afternoon Profile

! 1
i Curvature ! ze
1 Lurva .Joint fu nalysis showing diurnal

30 w
20 i
10 L.
Early AM i
= e
0

40

PseudoGradient Distribution (n dem}
ia

8

+ (upward) '
CH

FIGURE 4. Diurnal curvature analysis. Example of a

curled up.

Impact of Temperature Curling and
Moisture Warping on
Jointed Concrete Pavement Performance

box plot for a test section where most of the slabs are

73



Potential Impact
Curling and Warping is a function of..

e = A T =

— CTE of the concrotBINI RS T il &

y ETEE =
s N

— Weather Conditions
(esp. cloud cover, temperature)

— Joint “Freedom”
(function of width, joint reinforcement, etc)

— Some sites fluctuate as much as 40 in/mile % Car IRI
~11% A in RCCyypiam OF 3.4% A in fuel/emissions

— Others around 10 in/mile (from day to nlght)
Impact of Temperature Curling and
Moisture Warping on e
Jointed Concrete Pavement Performance s







Data Gaps

l
extu

does nc
etwork le




Texture f(time)

e Macrotexture, MPD (mm)
— Static Method (CTMeter)

e Data Sources:
— LTPP, CT SPS 9

— Virginia Smart Road, Environmental Effects Only
— NCHRP. 634, Long. Textured Concrete Pavement




Environmental Impact

Special Thanks to Edgar de Ledn'lzeppr -

Virginia Smart Road

2.50
-=-o.smmsuperpave. (EEEE I
Eh \ =¢=19mm SMA |
% 2.00 \ =#=9.5mm OGFC R
= e==12.5mm SMA
G 1.50 % Tined CRCP
>
n N
€ 1.00 o '
é i ?K— -
—F —0
& 050
=
0.00
2002 2004 2006 2008 2010 2012
Year Tined CRCP

-




2009 CT DOT
LTPP SPS 9 Sections,
Constructed in 1998 (t = 11 years)

LTPP SPS 9 | Average MPD |
Section ID (CT Meter), mm

090901 | 0.81 |
090902 | 1.04 |
090903 | 0.91 |
090960 | 1.02 |
090961 | 1.27 |
090962 | 1.32 |
Average | 1.06 79|

-



@ National Center for
Asphalt Technology

LMl 2012 Harman Analysis

at AUBURN UNIVERSITY

Test Track 2003 to 2010 Superpave Mixes

: Regression Analysis — <Model
16 Sections . e S 3 SP PG76-22

PG 67 & PG 76 e Sec 9 WMA-latex

e Soc 25 SP PG72-22 20% RAP
HMA / WMA ' e Sec 20 WMA 50% RAP
0 to 50% RAP I

10 to 40 m ESAL's

=
=]
o
o

o
o)
o
o

€
€
[
S
=
]
3
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=
“1 20

' Traffic, ESALs




RR Inputs based on

SPS-9 IRl and NCAT Texture Model, Overlay at year 18

2.00

Rolling Resistance Analysis
MIRIAM Model: f(IRI, MPD, V)

Glooptonite™

1.60

1-80 | - - - - - - - - - -

1.40
£1.20

£
3.000 £
o
>
2.500 %
@

- 2.000 = BaselinelRI

e |R| (M/km)

€ 1.00

= 0.80 )

1.500
== Baseline MPD

0.60
0.4

- 1.000 e===NMPD (mm)
¢ CT SPS-9 Ave

- 0.500

A VA SmartRoad

0 5 10

30

Analysis Period, years

0.000




MIRIAM RRC f(IRI, MPD)

Flexible Scenario

Rolling Resistance

Glooptonite™

Flexible Section

l Additional

0.0200

(@)
e 0.0150

I

Savings

__l

10 15 20
Analysis Period, years

- _




Texturing of Concrete Pavements

NCHRP 634 — 2009 Report

No. of Sections l 38
No. of States l 7
Ave. Service Lifel 7.7 years (5 to 15)
Ave.MPD | 0.80 mm

II-—.——.——.——.—

Min. MPD 0.25 at 6 years

Max. MPD 1.58 at 6 years

Range MPD 1.33 (166% of Ave.)

St.Deuv. (s) 0.299 | -

-

s



Basic Model for Tined Concrete Pavement
(Harman PCC. ., Texture Model)

Tined Concrete Pavement
Smart Road - NCHRP Report 634

Y= 0.016x +0.78 ¢ Ave Data
R2=0.5

Model
- = Model + 20

- = Model - 20




RR Inputs based on

GPS-3 IRl and Harman PCC,, ., Texture Model

2.50

2.00

0.50

Rolling Resistance Analysis
MIRIAM Model: f(IRI, MPD, V)

Glooptonite™

15 20
Analysis Period, years

3.000

2.500

Texture, mm

2.000

1500 = =Baseline IRI
e |R| (M/km)

1.000 = =Baseline MPD

0.500 — MPD (mm)

0.000




MIRIAM RRC f(IRI, MPD)

Rigid Scenario

Rolling Resistance

l Additional

0.0250
Glooptonite™
0.0200 —_—é
Rigid Section
& 0.0150 e

NEWTS

I
l

0 5 10

' Analysis Period, years
| = T A .

15 20



 The purpose of the
presentation is to
demonstrate how these
analysis tools can be used
(period)

* |t is not to compare
Superpave SPS/Test Track
Sections to LTPP GPS
ConcretesSe ti9ns.




Accounting for IRlI/Macrotexture (MPD)
Within 2% of each other

7,000,000
6,000,000
5,000,000
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WesTrack Fuel Consumption

“Pavement roughness had a significant impact
on fuel consumption of trucks applying loads
to WesTrack pavement test sections.
Under otherwise identical conditions, trucks
used 4.5 % less fuel on smooth (post
rehabilitation) than on rough (pre
rehabilitation) pavement.” NCHRP =

. r 4'
2port 435, ¢




Summary of MIRIAM Models k- e
Similar to WesTrack (4.5%) B

Impact of

Good to Poor Lisiis!

Flexible Scenarios 5.0%

Rigid Scenarios




MIIRIAM Moael Breakdown
Example Concrete Section 30 year Period

Contribution of Macrotexture (MPD) and Ride (IRI)

= f(MPD)
= f(IRI, V)

IRI / MPD MIRIAM RRC Model
¢ RCC=C, +C, MPD +C, IRl + C, IRI ( V-V, )
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Summary of Modeling

Analysis Method

MIRIAM f(MPD, IRI, V)

1-45 VOC Models
@ 77°F / 55mph




2009 NHS
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Simple Math

e |f Fair is similar to Glooptonite™, and

— 11% miles traveled generates 6% additional,
and

— 20% of miles traveled generates 3% less...




Potentlally Powerful Tool for assessing
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Where are the greatest potentials, within
our control, for reducing environmental
Impacts???
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