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CHANGE

| The dogmas of the quiet past
are inadequate to the stormy
present... as our case IS new, So
we must think anew and act
anew.

Balancing Risk & Assuring Performance




Our Visit

e Our Nation’s Transportation System

 Balancing Risk & Assuring Performance
— Need
— Structural Design & Analysis
 Pavement Type Selection, RealCost™
— Materials Characterization & Design
o Superpave PGx, AMPT, Mix Type Selection Guide, NAPA/FHWA
— Quality Assurance Systems
e 6+ Building Blocks
— Production & Placement
» Automation, Innovation, & Basics
— Monitoring & Preservation
« Thinking about tomorrow to drive today’s decisions

« GOAL: Provide you with resources!
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National Statistics:

3,963,262 miles of Roads 590,000 Bridges
2.7 trillion vehicle-miles / year
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National Statistics:
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US Vehicle Population in 2000

Mumber (in millions of vehicles)
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Truck Distribution

HMurmber {in millions of trucks)
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Damage vs. Axle Weight

Remaining traffic, %
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Damage vs. Axle Weight

5% of traffic causes almost 60% of damage
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Traffic distribution Damage distribution
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Networks... Intermodal

Highway Network

O T T
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| National Freight Corridors

NATIONAL FREIGHT CORRIDORS BASED ON HIGHWAY, RAIL, INLAND WATERWAY,
AND PORT TONNAGE AND TRUCK VOLUMES IN 2002
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Commerce : ,\

Billions of Dollars
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Tonnage

In the US, an average 53 million tons of freight

was moved each day in 2002...
Weight of Shipments by Mode: 2002, 2006, 2035
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> Key

* An efficient freight transportation system can
also improve a State or Region’s ability to attract
and retain businesses

/4
i N Economic Vitality and
o Competitiveness
The Environment

Safety and Quality-of-Life

National Security



CHANGES

« Congestion and Freight are driving factors
 Increased traffic and loadings

* Environmental Concerns (sustainability)

— eX. Use of bag-houses at production facilities, increase in
recycled materials

Supply sources (asphalt, polymers, aggregates)
— Escalating materials costs

Production changes
— ex. Drum plants vs. batch plants

« Staff reductions
 Shifting roles
* Personnel experience & shortages

Balancing Risk & Assuring Performance 16



Balancing Risk & Assuring Performance

e RISk
— Risk is the likelihood of a bad or unwanted outcome —

such as poor pavement performance or low profit
margin (or crap dice)

— All systems have some inherent Risk, and

— Changes within a system will either increase,
decrease, and/or shift Risk between parties,
e ex. Owner Agency & Contractor




Balancing Risk & Assuring Performance

* Risk - Law of Unexpected Conseguences...

“*Sometimes in getting what you ask for you loose
what you truly wanted.”




Balancing Risk & Assuring Performance

Innovation

 New materials, testing tools, and production
equipment and procedures offer the potential for
even greater pavement performance!




Balancing Risk & Assuring Performance

Risk and Innovation

* In developing systems that reduce overall Risk,
we can create an environment that does NO'T
foster or reward innovation.
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Structural

Materials
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Evolution of Pavement Design

State-of-Practice State-of-Art

1l

ET 2D F

Past Practices *




Evolution of Pavement Design AT
A
Empirical Mechanistic
0 e Springs
120 | y = 114.32x-0.4766 e Dashpots
1001 o R2 =0.934
§ 80 1
§ 60 -
£ 40 1
£ 20 - tj
S .
0 5 10
Load Applications (thousands)

e Get a lot of data
 Find a Trend (Hope for)
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* Mechanistic-Empirical
— Combines mechanistically based models (equations)
with empirically derived models (equations)




AASHO
Interim Guide
for the Desidn

FOREWORD

This 1Interim guide for the design of pavement
structures i1s based on data from the AASHO Road
Test at Ottawa I1llinois. In those areas not
covered by the Road Test, theoretical analysis
and experience have been utilized.

It Is essential that the user of the guide
understand 1ts limitations, which are:




Environmental Section is still in-place today.

Fred Finn — Bituminous Engineer for the Track
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New AASHTO M-E Pavement Design Guide
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New M-E Pavement Design Gui

d - Mechanistic Em Pavement Design Guide
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File Edit “iew Toolz Help

D& ?

O General Information
O Site/Froject Identification
] Analysis Parameters

O Manthly Adjustment
O vehicle Class Distribution
O Hourly Truck Distribution
O Traffic Growth Factor
O #xle Load Distribution Factors
- O General Traffic Inputs
O Number Axles/Truck
O Axle Configuration
O wheelbase
O climate
- O structure
O Hva Design Properties
- O Layers
O Layer 1 - Asphalt concrete
O Layer 2 - Asphalt concrete
O Layer 3 - Crushed stone
O Layer 4- 46
O Layer5- &6
O Thermal Cracking

For M, fress 1

[& mputs [ Results
- O Traffic - O Input Summary
- O Traffic Yolurme Adjustrent Factors Project

O Output Summary
- O Flexible Summary
Layer Modulus
AC Modulus (ploty
Fatigue Cracking
Surface Down Damage (plot)
Surface Down Cracking (plot)
Bottom Up Damage (plot)
Bottorm Up Cracking (plot)
Thermal Cracking
Crack Depth (plot)
Therrmal (C-h) {ploty
Crack Length (plot)
Crack Spacing (plot)
Rutting
Rutting {plot)
IRI (plot)

Anlysis Status:

Analysis % Complete
O Traffic 100%
[ Climatic 100%
[ Thermal Cracking 100%
[ AC Analysis 100%
O Summery 100%

General Project Information:

Parameter [ Value

Tope New Flerble

Design Lite 16 Years

Climate CADG2002\Projectsid SHA Training'td SHA Tr

Constiuction Date  3/2008
Traffic Open Date  10/2008
Initial &4DTT 1500

4 H
Propertiss

Setting Value |
Units US Customary

Andlysis Type Probabilistic
Output Type  Excel Workshest
Wamings  Enabled

Run Analysis




Ife-Cycle Cost Analysis Software
ealCost™

Probabilistic Life-Cycle Cost Analysis

http://www.fhwa.dot.qov/infrastructure/asstmgmt/lcca.cfm

Edit “iew Insert Format Tools Dats \Window Help AbleBits.com  Adobe PDF Type a question far help .8 %
s QAT E AR o8 A 0% 3 @ 2 b st SRRy |
PRy @y R | 2 By | ¥ Renly with Changes.., End Review.., ! Hhp) Dg‘!

Al e A INPUT WORKSHEET
A [ 8 [ ¢ [ o [ & [ F T &6 T H ] o T ® Ty
INPUT WORKSHEET | Tl
1. Economic Variables
“alue of Time for Passenger Cars (8/hour)
“alue of Time for Single Unit Trucks (B/hour)
Walue of Time for Combination Trucks (5/hour) L
2. Analysis Options
Include User Costs in Analysis Yes Yas =
Include User Cost Rermaining Service Life “Walue Yas Yes =
Use Differential User Costs Yes “Yes Ra
User Cost Computation Method Calculated | caloulated v |
Include Agency Cost Remaining Service Life Walue Yes Yes 3|
Traffic Direction Both Both JE3
Analysis Period (Vears) 40

Beqinning of Analysis Period
Discount Rate (%)

w

Project Details and Quantity Calculations
State Route

Project Mame

Region

County

Analyzed By

Mileposts

Begin

End

Length of Praject (miles) 0.00

rafrarafralral ra o | —| oo | | = | | o = -
[l =R ERRRREE [

ra
&

Comments

‘ o

4. Traffic Data
32 |AADT Construction Year (total for both directions)

| 33 |Cars as Percentage of AADT (%) 100.0
34 |Single Unit Trucks as Percentage of AADT (%)
35 |Combination Trucks as Percentage of AADT (%)

| 36 |Annual Growth Rate of Traffic (%)

37 |Speed Limit Under Normal Qperating C

Mo of Lanes in Each Direction DL

Free Flow Capacity fvphpl)
e T

Structure




Pavement Design Resources

 FHWA:
— http://www.fhwa.dot.qgov/pavement/

e NCHRP, 1-37A: Free software download
— http://www.trb.org/mepdaq/

e National Asphalt Pavement Association
— http://www.hotmix.org/

« Asphalt Pavement Allilance (APA)
— http://www.asphaltalliance.com/index.asp

 APA: Perpetual Pavements
— http://www.asphaltalliance.com/library.asp?MENU=519
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Balancing Risk & Assuring Performance

Superpave®

Performance-Based
Purchase Specification
Design and Analysis Tool

I e e




Why SHRP?

* In the 1980’s procedures
and practices could not
assure performance.

 Unacceptable Risk

e Distress...
— Rutting
— Fatigue cracking

s

— Low-temperature cracking ==




Major Steps in Superpave Mix Design

1. Selection of Materials,
2. Selection of a Design Aggregate Structure,
3. Selection of the Design Binder Content,

4. Evaluation of Moisture Sensitivity
of the Design Mixture, and

5. Performance Characterization.

Balancing Risk & Assuring Performance







ONGOING

Refinement

 Understanding Modifiers, PGx

« Asphalt Mix Performance Tester
« Equipment Calibration

« Understanding acid

e Improved moisture test

e Construction Quality
e Link to Pavement Design
e Communication!



Paul Mack

New York State - Retired

[ Impertfection should never N

stall implementation.

You can still drink from a
\_ chipped cup.

Balancing Risk & Assuring Performance 37



Challenges

Achieving VMA

Suitability of Gyratory Compaction Levels
Issues of Durability & Binder content

Need for a Moisture Sensitivity Test
Deployment of a Performance/Strength Test




NCHRP 9 — Bituminous Materials

RAP: Characterization, 9-12
Gyratory Level, 9-9, 9-16, 9-19
Volumetric Requirements, 9-25, 9-31
Performance Testing, 9-19, 9-29

Mixture Design Manual, 9-33




New Asphalt Mix Performance Tester
AMPT
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AMPT — Pooled Fund Study

« POC: Dr. Audrey Copeland, FHWA
— Audrey.Copeland@dot.qgov

Y e




SHRP Asphalt
Program Coordinator

4 “One of the principal goals of\
the SHRP asphalt program is to
reduce or eliminate the

proliferation of asphalt binder
specifications.” J

Dr. Thomas Kennedy
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Growing Trend from 2002 to 2005

o 34 States with Plus Specs (67%)

o 13 States Straight M 320

e 21 Different Pluses

35

9 30

« 4 Duel / Hybrid g 25
S 20

e The Winner! — g 15
M 320 with 13 Pluses  § 1©
+++++++++++++ < 3

0]

As is M320 Plus Spec.'s

PG Grade Specifications




Superpave® Plus

Balancing Risk & Assuring Performance
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High-Temperature Performance

|-80, Nevada

Same gradation - different binders.

PG 63-22 modified | | PG 67-22 unmodified
No rutting 15mm of rutting

Balancing Risk & Assuring Performance 53



High Temperature (Rutting)
Repeated Creep Recovery Test

PG 67-22 Neat AC

\ 0 200 400 600 800 1000 1200
PG 63-22 Modified Time, {seconds)

Balancing Risk & Assuring Performance Hd



1

New Superpave Tool... PGx (Table 3)

. Original Spec was based on Modulus,

H ates grade bumplng
7 ccounts for traffic level through Jnr crltena =




Materials Resources

 FHWA:
— http://www.fhwa.dot.qgov/pavement/

e NCHRP, 9-series
— http://www.trb.org/mepdq/

e National Asphalt Pavement Association
— http://www.hotmix.org/

« Asphalt Pavement Allilance (APA)
— http://www.asphaltalliance.com/index.asp

« Asphalt Institute
— http://www.asphaltinstitute.org/
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e Contacting Mechanisms
— Design Standards (ex. Superpave) to Performance

Specifications to Warranties to Public-Private-Partnership

ality Assurance Systems
— EXx. Percent Within Limits (PWL)

Compaction & Intelligent Construction Systems (ICS)

— Longitudinal Joints, Automated Plants, IC Rolls, Infrared
Cameras, Real time project information...

 Warm Mix Asphalt Technologies
« HIGH RAP Materials




U5, Deportment of Transportation
Federal Highway Administration

FHWA

Quality Assurance
Assessment

FY 2008




What it is NOT and what 1t IS...

 The Assessment is NOT...
— A “Gotcha”
— A way to compare States
— A indication of pavement performance
— Perfect

 The Assessmentis...
— A tool to identify potential areas of RISK
— A tool to identify “successful practices”
— A tool to prioritize training
— A tool to guide specification refinement

Balancing Risk & Assuring Performance
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Driving Factors

e Quality Assurance Reviews (HIPT)
— State Agency Compliance with CFR

« National Review Program: Quality Assurance In
Materials & Construction (Division Office
Assessment of Risk)

— Kevin McLaury (MT), Team Leader, Max Grogg (1A),

Mike Praul (ME), Brad Neitzke (WFL), Ken Jacoby
(HIAM), Pete Kulyk (HPC), & Tamiko Burnell (HSA)

Balancing Risk & Assuring Performance 53



National Review Program: Quality
Assurance In Materials & Construction

Six Building Blocks...

. Contractor Quality Control

. Agency Acceptance

ndependent Assurance

Dispute Resolution

_aboratory Accreditation and Qualification
Personnel Qualification/Certification, and
RISK

SR e A

Balancing Risk & Assuring Performance

QC LA/Q




Risk-based Process

/

Risk-based
Assessment

Tool

'S
) <
<

Training / Roundtables

[ Benchmark } L

Prioritize
Areas of Risk

Conduct

ldentify
Successful Practices <:

Refine >
QA Specifications

Balancing Risk & Assuring Performance

[Action Plan }

gy
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F,
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Division Office Interview (wike/Lee/Dennis)
Assessment of RISK (QA System)

e 18 Questions...
— Covers the Six Building Blocks
— Questions Weighted
-1,2,3,5 &7

9] Ele Bt Yew jraert Format Jook Data Window el Adobe PR P2 & question for .8
RRET: NERETRE kA NEN SIS RASRAE N RS T L L =1 =B U [ s s SRR DA
HER BT IE S ISR I e T — |
e IQ»‘
4 = &
. r e u e n C B c [1] E [ F 6 [ H [0 STk T L T N A
1 | Question # |Question Stats | State | State | Stats | Stats | State | Stats | State | State | Stats | S
2 Weight 1 2 3 4 5 [ T 8 i) 10
3 A State ID must be included
Dines the State use a materials management system, which
- 1 includes all test results (State andfor Contractor), that is
5 2 I n F Y 2 O O 8 4 used in the acceptance process? 5 ¥ N ¥ N Y Y N ¥ v _[S]N
5 Cines the State have 3 documented process for contralling
& i =3 3 ling? T il N ¥ X N Y N M M N
3 3 State control of the locations for venfication testing
[ and takes immediste possession of the samples? 7 L] N 4 N N Y oy N N N
7 |Quality Charactenstics used in Acceptance
l | p ate I B D \Which of the following does the State Use for Hot Mix Asphalt
"] 8 | (HM&) paverment acceptance? (Total weight 3) 3
9| | Asphalt Binder Content. P 08 i N ¥ Y M N N N
10| 4 Voids in Togal Mix, Va 06 ¥ 2l Y ¥ Y N ¥ X k3
1| Voids in Mineral Aggregate, VA 04 ¥ N Y M M N N Y N
12| In-place density oa 1 b Y o i A Y ¥ G Y ¥
13 Smoothness (ex B1) 08 ¥ ¥ ¥ i 2 ¥ N ¥ ' ¥
Which of the fallowing doss the State use for Concrate
14 pavermnent acceptance? (Total weight 3) ]
15 Strength jether compressme or izaural] 0.8 .l 1 4 T il Y AL f ¥ Y ¥
16 | 5 Pavemnent Thickness 06 ¥ N L oo ¥ M N N i Y
17| Entraingd Air Cortent 08 ¥ ¥ Y ¥ k| Y ¥ ¥ Y
11| i 0B ; N M N N N N N N ¥
18 Smonthness [ex 1) [i):] oy ¥ 43 ¥ | M b M ¥ ¥
Which of the followang doss the State use for Concrate
2| Bridge Dieck acceptance? (Total weight 3) 3
21| [ Strength (ether compressre or Mexural) 0.78 il ¥ ¥ 14 Y Y ¥ ¥ i k'
21| Entrained Alr Content o7s 11 ¥ Y ¥ Y ¥ ¥ Y ¥
23 Penmeability 075 i M M N M ] M M ] N
AA 24| Smoothness (ex. 1) 0.75 ¥ N N N N N N N N N
%5 7 Are the payrnent lot sizes between 7 and 20 tests? 3 M N M ki N M M M M N
.3 8 Dioes the State use PWLYPD type specifications? 5 N N W ks \d i N N N N
Does Stafe inciude confracions fests in acceplance
1A 7| iecision? (Total weight 3 - f applicabis) N v ¥ v ¥ N N ¥ ¥ v
(] If the Siate uses fesis in the
. does tha Slala verdy the confracior feal resulls with FE §
BalanC|ng F iests using & minimum of five (5) Stefe resulls fo 5 -20
2 e rpzude? a Y] N W v ¥ M N ] L] ] -

| marfracd
QC LA/Q :M;t u\npmlﬁm?km—g Grades J Summary J/ weighted Scoring [/ |« »




Two desired outcomes...

 We get what we pay for... Balanced, low-risk system

e Create a culture of Trust

Balancing Risk & Assuring Performance

DRuQC

LA/Q
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Definitions

e Advanced States

— Those States that have highly developed QA programs that
demonstrate their capability for measuring the quality of their
construction and materials programs. An advance QA program
Includes highly developed Contractor Quality Control, Agency
Acceptance, Dispute Resolution, Independent Assurance,
Technician Certification or Qualification, and Laboratory
Certification programs.

e Intermediate States

— Those States that have substantially demonstrated an effective
QA program for measuring quality and includes most of the QA
elements of an advanced QA program.

 Opportunity States

— Those States that have a demonstrated a weakness in their
construction and materials programs to measure quality or have
a weakness in their program that could lead to fraud.

Balancing Risk & Assuring Performance 58



NPM — A low rating is not a compliance issue with
23 CFR 637.

Cluality Assurance Systeim - Overall Rating (52 Responces)

— Y
2_,...--"' X National Rating
= 61%
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Distribution of Rating

Histogram of QA System Rating - FY 2000

Number of Agencies

109% 25%  40% 559% 70% 85% 100%
QA System Rating

60



% of Agencies Needing Advancement

FALCON 5 - Gap Analysis

QA Assessment of RISK
Weighting Factors: Yellow-7, Orange-5, Green-3, Blue-2, Brown-1

13. Warranties
12. NTPEP
10. PWL Risk Analysis
7. Lot Size
6. Bridge Quality Char.
5. PCC Quality Char.
4. HMA Quality Char.
14. Limited use of visual acceptance
11. Continuous Equations
8. PWL/PD
1. Materials Management System
17. Project Field Labs Approval
15. System IA with 90% tech checked.
18. Personnel Qualification. 7:|
16. Formal Dispute Resolution |
9. Use of F&t |

3. Immed. State Possession of Verf. Tests

2. Control of Random Sampling Location ]

MSIY Buls

0% 10% 20% 30% 40% 50% 60% 70% 80%

Percent of Agencies Requiring Improvement

Balancing Risk & Assuring Performance
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X Weighting Factor

FALCON 5- Gap Analysis
QA Assessment of RISK using Weighting

Factors
Weighting Factors: Yellow-7, Orange-5, Green-3, Blue-2, Brown-1

13. Warranties

12. NTPEP

10. PWL Risk Analysis
7.LotSize

6. Bridge QualityChar.

5. PCC QualityChar.

4. HMA QualityChar.

14.Limited use of visual acceptance
11. Continuous Equations

8. PWL/PD

1. Materials Management System

17. Project Field Labs Approval

15. System |IA with 90% tech checked.

18. Personnel Qualification. [ ]
16.Formal Dispute Resolution \

MSIY BuIs

9. Use of F&t

3.Immed. State Possession of Verf. Tests [ ]

2. Control of Random Sampling Location ]

- 1.0 2.0 3.0 4.0 5.0 6.0 7.0

Percent of Agencies Requiring Improvement x Weighting Factor 6

N




National Performance Measure (SIP)

FALCON 5 - QA National Performance Measure
QA Assessment of RISK

100%
95%
90%
85%

(@)]

£

g 80% — - —NPM
T 75% GOAL
@

>

o

70%
65%
60%

55%
2008 2010 2012 2014 2016 2018

Fiscal Year
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Risk-based Process

/

Risk-based
Assessment

Tool

'S
) <
<

Training / Roundtables

[ Benchmark } L

Prioritize
Areas of Risk

Conduct

ldentify
Successful Practices <:

Refine >
QA Specifications

Balancing Risk & Assuring Performance

[Action Plan }
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Intelligent Construction Systems

Reducing Risk
100% Sampling
Link to PMS

Balancing Risk & Assuring Performance

65



Intelligent Compactors

(aka Smart Rollers)

e Solls and Asphalt

 Intelligent

— Measures a parameter that relates to
performance (density/stiffness)

— Adjusts compaction effort based on measure
response

— Provides real-time graphical information
— Records response tied to location (GPS)

Balancing Risk & Assuring Performance 66
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National RAP Expert Task Group
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HMA Asphalt Pavement Recycling
Expert Task Group

4 Advance the use of RAP in asphalt paving
- applications by providing highway

| agencies with critical information

= regarding the use of RAP, technical
guidance on high-RAP projects, and
direction on research activities.

The members consist of representatives from
highway agencies, industry, and academia.

Website: www.ncat.us/rap/rap

National Center for

Balancing Risk & Assuring Performance Asphalt Technology

NCAL



RAP Resources

 New Expert Task Group on High RAP

e« FHWA
— www.fhwa.dot.gov/pavement/recycling

 Recycled Materials Resource Center
— www.rmrc.unh.edu

e Green Highways Partnership
— www.greenhighways.org

e FHWA R&D
— http://www.tfhrc.gov/hnr20/recycle/waste/index.htm
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The Pavement Preservation Concept
Thinking about tomorrow to drive today’s decisions
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Acceptance & Construction Resources

« FHWA: Asset Management

— http://www.fhwa.dot.gov/infrastructure/asstmgmt/index.
htm

« National Asphalt Pavement Association
— http://www.hotmix.orqg/
« Asphalt Pavement Alliance (APA)
— http://www.asphaltalliance.com/index.asp
« Asphalt Institute
— http://www.asphaltinstitute.orqg/

e Foundation for Pavement Preservation
— http://[fp2.org/
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Risk and Innovation

o Systems like Superpave reduces the Risk of
poor pavement performance, and

« Are adapting to address innovative materials
and other evolving technologies.




Questions?
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