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the 201 9 Presentations

Advanced tools for comprehensive evaluation of pavement surface and subsurface conditions
Tom Scullion, PE.

ITD Asset Management - An Overview
James Poorbaugh, P.E.

You have Pavement Preservation Questions - Road Resource Has Answers
Melvnda Boswell

Development and Evaluation of Performance Measures to Augment Asphalt Mix Design in Idaho
Dr. Emad Kassem, PE, and Hamza Alkuime

Improving Service Life of HMA in Washinston State
Joe DeVol

Pavement Fabrics / Fibers to improve Pavement Performance
Kevin Bussert and Jordan Rabine

Use of RAP in Pavement Preservation Technigues - Parts 1,
Doug Olsen

Use of EAP in Pavement Preservation Techniques - Parts 2.
Rod Thompson

Implementation and Calibration of AASHTOWare Pavement ME Desion for Idaho
Dr. Fouad Bavomy, PE.
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Speakers of the 59th Idaho Asphalt Conference, October 24, 2019

From Left: Fouad Bayomy, Kevin Bussert, Jordan Rabin, Emad Kassem, Dave Johnson, James Poorbaugh, Melynda Boswell, Joe DeVol, Rod Thompson, Doug Olsen,
Mike Santi, Tom Scullion, Hamza Alkuime and Jeff Miles.
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Advanced Tools for Comprehensive
Evaluation of Pavement surface and
subsurface conditions

Tom Scullion P.E.
Texas A&M Transportation Institute
College Station Texas

59t Annual Idaho Asphalt Conference
October 23 -24 2019

10/27/2019

‘-TexasA&M_
Overview of Presentation

Background to TTl and TxDOT

Types of Non-Destructive Testing tools
Demonstration of PaveCheck Software

Use of NDT in FDR Projects

Use of NDT in Pavement Forensic Investigations
Use of NDT in Corridor Studies

Future Directions

No vk wne

CENTER FOR INFRASTRUCTURE

RENEWAL (CIR)

Texas Transportation Institute

Part of the College of Engineering at
Texas A&M University

60+ Years of research on
Transportation Systems

Largest University-Affiliated

Transportation Research
Organizations in the USA

Major Source of Educated
Transportation Professionals

Partners Extensively with TxDOT,
other Public & Private Organizations

New Lab 2018 new TTI Building 2019

g Tamsportai
ransj ation
2 ititte ‘

Flexible Pavement Program

* Research Studies
— Balanced Mix Design for HMA
— FDR for Energy Sector,
— Development and implementation of new Technologies

* Interagency Agreements

— Agency support with Forensics, Pavement Rehab
¢ Training Workshops

— Seal Coats/Thin Overlays

— FDR

— Rubblization

— Pavement Design

— Nondestructive Testing

— Intro to Paving Materials

TEXAS DEPARTMENT OF TRANSPORTATION

Top 100 Most
Congested Roads

Which Roads are the Most Congested? >

-

P4 - , '\ 3 —

. Manaes close to 20,00 lane miles of roadway

* Does not include County or City Roads

* 2018 TxDOT Budget $13 B
» $9 B State Roads $4 B Toll Road Construction

* For State Roads: Designs mostly done in house

* Governor and Citizens want more funding for roads

* 1000 people a day coming to Texas
* Massive construction/widening projects underway
* Energy Sector Boom (still booming)

KL

h-‘h- —y
TEXAS \(
" )
5 Austin {
\ 3 Houston )
—_— X

HIHUAHUA f €. o /
S Y San Antonio
\'.
3
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TxDOT Design Work

» 25 Districts; all manage roughly 6000 to 8000 lane miles

* Each District has 3 to 4 Area Offices managed by an Area
Engineer who comes up with proposed rehabilitation
strategies and pavement designs

* Most work: rehabilitating — widening old roadways
* Area Offices supported by

— District Pavement Engineer 3 :

— Austin Divisions Used extensively for selecting

— University Researchers rehab options when pavement

— Private Consultants (2017 on) ;)e.lrforman'c: is poor or premature
ailures exists

Electro-Hydraulic
High-precisionGPS | oading System

NDT Air-Coupled GPR

* Data Collection and Processing
software developed by TTI

* Training schools taught by TTI

* TxDOT has 5 available units

* Data collected and processed by
TxDOT

* Data collected at highway speed

(60 - 70 mph)

Effective depth of penetration 20

ins

* Measures layer thickness, locates
subsurface defects and section
breaks

A&M E = Texas AGM
Transportation Transp‘grtslmn

Institute Institute

ot e | orl T |l D T
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Successful GPR Applications

Thickness of Pavement Layers
Defects in Base (Wet areas)

= |
« Defects in Hot Mix layers (stripping, trapped A e e |
moisture) f Ly 2w e e = Py zan - = B -

Identifying areas of segregation and poor joint
density

Deterioration in asphalt covered bridge decks
Water filled voids under PCC

Pavement Rehabilitation studies (identifying
changes in structure)

Does not eliminate but permits smarter coring BRI RuR22Ae)

Texas A&M
Transportation
Institute

s Transporta :
ransj ation
- e

(R
Impogtance of site investigation

[E==]
= Texas AGM 4  Texas AGM
"4 Transportation / Transportation
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Importance of site investigation
- . o e
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TxDOT’s Rolling Dynamic Deflectometer
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Electro-Hydraulic

High-precision GPS Loading System
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s for FDR in Texas

* Opportunities No shortage of candidates
* Inadequate structure for loads
« Inadequate width

Challenges

Variable pavement structure

Construction on top of expansive clays

Often poor existing base materials

Early opening requirements in Energy Sector
Need to accelerate Lab designs

Need updated Specs and Design recommendations

Texas A&M
ransportation
Institute

4. Laboratory Mixture Design
v Plasticity Index
v Moisture-Density Curve
v Binder tests (foaming)
v Asphalt %, additive %, add rock % and foaming water %
5. Pavement Thickness Design

6. Construction Quality Control
v Depth of pulverization
v’ Gradation
¥’ Moisture content
v’ Emulsion content

v' Foaming asphalt properties
7. Construction Quality Assurance — Density

8. Performance Evaluation — FWD and Visual

lexas A&M
ransportation
Institute

Step 3 in the FDR Process

PF

Sampling Equipment
« Use GPR/visual information to determine sampling locations.

Auger Milling Attachment Gradall

10/27/2019

Texas A&M
ransportation
Institute

Critical Steps in the FDR Process

1. Assemble Background information
v Coring logs

¥ Maintenance
v Typical section

2. Non-destructive testing
v Ground Penetrating Radar (GPR)
v Falling Weight Deflectometer (FWD)
v Determine thickness & strength variability

v Determine sampling locations

3. Verify Pavement Structure & Sampling
v Auger or milling machine for sampling.

v Drill logs for project

Texas A&M
Transportation
Institute

FM 1996
Waco

lexas A&V
Transportation
Institute

Critical Steps in the FDR Process

Coring Log
TRM
5617 4676
45056 3 4 (EB, 4 7 (EB, 464(WB, 4676 (EB, 47599
(EB) Shoulder) (EB) Shoulder) (EB) Shoulder)a64 (WB)Shoulder) (EB) Shoulder) (EB)
s
ek
o+ — — — — — — — — & 3
= Cement
=1 Treated Base
=
Q20
3 W Bruwn Sandy
[=] Clay
25
30 with Streaks.
35
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Why Upfront Testing So H doi
TxDOT 1st foamed asphalt project (2000) < 1 year old 0 How are we doing

* 2015-2018 total of 12 projects constructed
using these guidelines
* Follow performance evaluations on-going
— Visual
— FWD survey
— Coring (some)

SEVERE RUTTING, ALLIGATOR & OUTSIDE WHEELPATH
CRACKING

Recycled 10 inches deep - Problem: locally only 7 inches of pavement over black clay
Next Foamed Asphalt job 2013

L} .
/ ;’exas Aﬂh:_ / if_'exasA'r%tN! i ‘ ]
ransi ation ransj ation
R [aiiie : P iratithte 1

Post Construction Evaluation on FM 541 San Antonio

* 1% Cement + 2.4% Foamed asphalt PG 64-22

* 4 ins add Rock + 6 ins existing

* 10 inch deep in one pass

* Open to Trafficin two hours

* 3 mile project

* 4 times faster than current undercutting design
* Backcalculated Design Modulus 303 ksi

Structural Design with FPS 21

Pavement Design Thickness

Use Texas Flexible Pavement Design System (FPS 21) software to determine minimum FDR
layer thickness.

Required backcalculated modulus for all layers (MODULUS 7)

MODULUS 7 FWD Results (ETB IH 10) ) )
e Conclusions and Recomendations

Higheay/Rosa:

63,400 ses, 400

15,000

scazion Jpasz =21

* Full design needed for each project

* Do not go to construction without a passing
lab design

* No failures found with approach presented

* Design modulus for future asphalt based FDR
projects 220 ksi

ver coare(n): | 1aes 1656 1676 1el32 z0m1 2230 2195 oo | 2315

Base modulus of 200 ksi assumed for design
Base Modulus computed 283 ksi (two weeks after construction)
Design Base Modulus value 250 ksi (removing outliers)

* Monitoring continuing
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Forensics Studies and their Products

Objectives of Forensic Studies
* What is the cause of the problem

* What should the TxDOT District do now

Sulfate Heave
Spectrophotometer
Tx Method 145E

* How can the problem be avoided in the
future

— “More research is needed”

— New Specs

Thermal Segregation

— New test procedures
— New Equipment

Pave-IR system

: 3 L]
= Texas AGM .  Texas AGM .
"4 Transportation /Tmns rtation
/‘-I"s““efe ‘ ‘nsntm T .

Forensics Studies and their Products Recent Forensics Studies
Balanced Mix Design 2004 . o
Case 1 Differential Widening problems

Case 2 Drainage not pavement Problems

Premature
Cracking

Balanced Mix Design
Scullion/Zhou 2004 |

Case 3 Damage from Truck Overloads
Case 4 Early Cracking of New Concrete

Austin District’s
Guidelines on the Use

IH 10 2002

Thin Surface Mixes
B,
Tony Yrigoyen — Richard Williammee Balanced Mixes CAM 2008
Charles Gaskin — Dale Rand TOM 2009 and SMA 2014

/‘-' ;’exas Aﬂh;
ransj ation
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Texas A&M

43

Typical Section — 9ft Widening

J 2
d g b, i

T 4
" Widenin 190 ! 190 " Widenin
£

o

Existing Typical Section

>/ 510 945413.00 10 S0 1063+33.00(58)
Ty —

Existing Povement Structure

Existing Passing Lone Widening
Tuoical for Botn S des.

[Trovel Tones T Showicer T~ Wigening 1
1 Tom Mix - 1% Tem <17 Tom Mix

- AR seal A Superoave 0 - 1% Swerpave 0

- Micro Milling(1/4%) - A-R Sea L

~ one Erse seol coot
- Prime c
e e Bose

Long. Crack in surface mix at lane joint.
Cracking and rutting over original pvmt.
Widened OWP good condition.

Cement Treatment of failed
shoulder did not work

10/27/2019

FWD Deflections
Much higher deflection in shoulder

Select Orop (Totl: 20rops and drop 21s selected)

’;J\N\N\J \\ \-\\N\J\ I\(J\ N

Texas A&M
Tmnspanaxinn
Institute

Proposed Design: 9 ft Widening on Existing Pa

" Existing Pavement: s R
&" 8” CTB
—— ) = »
/ Petromat -
" 2” CMHB-C
~ 2.csT
A-R Seal (New)
1” Tom Mix (New)

New Pavement:
16" Flexbase
1-CST

A-R Seal

1” Tom Mix

Texas A&M
Tmnspanaxmn
Institute

HALF SECTION
ALY SECTION SCARIFY b RESHAPE BAST
SUBGAABE WIDENING

Propesed Suogrede Wideh

KALE SECTION
FLEKIBLE BASE

PROPOSED TYPICAL SECTION
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Case Study 2 GPR Data
Frequent Repairs — what is wrong with pavement

/ ;’exas Aﬁh: _
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Nasty clay found at all sites

. &

Very Wet
TRM 264+ .9

[==]
/‘—' il_'exas Aglll; ;
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Conclusions

* TxDOT has a very successful
forensics program

* This program is a critical part of

: a5 the research cycle

Conclusion * Implementation includes new

tools, test procedures and

specifications

Not a pavement layer

* We get better by learning from
problem

our problems not burying them

It is a drainage problem
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Read More

Corridor Analysis
of IH 20
in the Odessa District

av
Tom Scullion
Texas Transportation Institute

STUDY SUPERVISORS
Magdy Mikhail
TxDOT Construction Di
K.C. Evans

TxDOT Odessa District

CONTENTS

1. Color Coded
Priority Map

2. Table of Priority
Projects

3. Additional Work or
Modifications to
Current practice

Section Breakdown

TH 20 [[County: Reeves TRM __ 19.7-25

Pavemen(Struclure: 1996 Las( Treatment: 1996
21m Type: 4.SinchesofTypeB

TotalHMA: _ 6-7in 1.5 CMHB-C

Current Condition:

Distress: Block Cracking with some localized alligator, lofs of crack seal
2009 PMIS: _ Condition Scoresfrom 31 to 76

Cause of Problem:

Severe stripping of the Type B base layer in both lunes both directions and other
sections of TH 20 also have severe stripping. An cvalation shonldbemade of the
‘mixes used to identify the eansc of this severe deterioration. Tris snspectedthatthe
problems areboth mix and construction related. Thelocal materials we thoughtto
be not stripping susceptible but that does not seem to be the case. Longlite
pavement concepts involve placing base mixes which do not deteriorate so only
surface renewal is required. This is not happening on several sections of IH 20,

is 15 years.
Tlexible baselayer in good condition: from the F'WD modulus 100 | Ksi
Subgrade strong 20+ ksi

Complete replacement of all FIMA
Tunds shouldbe included in the contract for reworking any suspect areas ofbase
(very few anticipated. less than 5%)
FPS 19 indicate that 6 inches of new HMA would be required fora 20 year design
life

A fog sealis planned for ASAP to help hold this section together.

‘Urgency: High Priority 0 2 years

CostEstimate: S 6 million

0 -2 year
project

Bad news

10/27/2019

Steps in a Typical Corridor Analysis

Conduct a full GPR survey of each direction of highway

Meet with DOT personnel to;

Provide traffic estimates for each section
Identify their priorities and treatment preferences

Plan and Execute an FWD and DCP test program

Plan and Execute a field sampling program including coring to
validate defects and auguring (if needed)

etc.)

Analyze all of the data collected

Run Pavement Design options

Report and Presentation of Findings

Define breaks, identify problem sections or upcoming projects

Conduct laboratory testing where required (FDR, Overlay tests,

4 Tavac ARM

= Priority 1 0-2 Years
Priority 2 25 Years
riority 3 5-10 Years

w= Priority 4 >10 Years

s Mile Marker

Balmarhea B T e

Fort Stockton

Corridor Analysis of IH 10 in the Odessa District

—
Imzn | County: Midland County  J[TRM 122-136

PavementStructure: 2002 Last Treatment: 2002
Base: 16 in Flex base Type: Hot Rubber underseal
Total HMA: 10in CR PMS

Current Condition:

Distress: Longitudinal cracking, rough ride, failures mostly outside lane
outside wheel path
2009 PMIS: Range from 45 to 95
Cause of Problem:

GPR mostof 2 top 4 inches of HMA;
below that the HMA looks solid. However transverse cracks initiating in lowest
layer of HMA have reflected and are seen in both lanes. These cracks are source
of problem letting moisture into susceptible layers.

Recommended Rehabilitation Approach:

The FWD indicated that the base layer in both directions is very good.

This is the most heavily traffic section in the District with 29 million ESAL’s
Flexible pavement Option: (Time to First Over 15 years)

In outside lane only mill 4 inches place a layer to minimize reflection cracks. This
couldbe a 1 inch crack attenuating layer (SS 3165) or a crack retarding fabric
layer, 2 inches of new HMA plus PFC. Mill2 inches inside lane (CAM + PFC)
Rigid OptionIf 30 year design required consider, milling 5 inches then full depth
CRCP — check with' for their recent i IH 20

Good News

Urgency: High Priority 0— 2 years

g]
|l cost Estimate: High SSdong section all in poor condition both directions)

0 — 2 year project

10
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WHAT TS ASSET MANAGEMENT!

Government Definition:

Transportation Rsset Management (MRP-21) - “..a strategic and systematic process of
operating, maintaining, and improving physical assets, with a focus on engineering and
economic analysis based upon quality information, fo identify a structured sequence of
maintenance, preservation, repair, rehabilitation, and replacement actions that will achieve
and sustain a desired state of good repair over the lifecycle of the assets a minimum
practicable cost.”

Doing the righf treatment at the rigH
time for the right reason.

17D ASSET MANAGEMENT TIMELIVE

1978 1986 2007
Highway
Pavement y
Performance Began Simple Economic
Information Gl Requirement
S Analysis System (HERS-
ystem S

The Times have changed - Mission is Still the Same
Mission
- Monitor assets throughout their life - cycle
- Effectively collecting quality data,
- Developing accurate predictive models and investment scenarios,
- Communicating & prioritizing needs across the state, with a focus on stakeholder engagement,
- Provide continuity & effective service which ensure focused stewardship of tax dollars.

Wit! ©

[T THE RTGHT THING T0 DO! =

COST ACROSS THE PAVEMENT LTFE-CYCLE

» \\‘-\4\— Preservation here
\'xf— Or S times more for restoration

(AND WE HAVE TO)
(=]
9.

e “os— Or 8.50 times more for rehabilitation
= “ee— Or 18.75 times more for
540 A .
°._reconstruction
30 S 2
o ~—e—o
10
0
o 4 s o2 owow % o7 ow
vears
10.

HTGHWAY PERFORMANCE MONTTORTNG SYSTEM
(HPMS)

Federally Mandated @\ Measure National Performance
Monitor System Condition ﬁ Rppor tionment:

TRANSPORTATLON ASSETMANAGEMENT PLAN
(TAMP)

Focuses on ITD Processes for Rsset Performance, Targets
and Financial Planning

8 Required Sections

] Management Objectives @ Life-Cycle Planning
Summary of Conditions @ Risk Management
= Measures and Targets @ Financial Planning

gfg Performance Gaps

2l \nvestment Strategies




How?

Keys to Success
I. Be "Quality - Centric ”
2. Honor the People
3. Define the Process
Y. Respect the Tech
S. Life-Cycle -> Go with the flow
6. Rlign with and Drive Rsset Management objectives

Compatibility
TECHNOLOGY PROCESS

Quality is the result of a carefully
constructed cultural environment.
It has to be the fabric of the
organization, not part of the fabric.
=Phil Crosby

N
J
&£

TECHNOLOGY

Compatibility
PROCESS




How?

Quaty s the resat o  carely
enstrcted citud envcrert
s e he b o the
ergmizeton, e par of e i
i Crsky

Ve

How?

19. 20.
MOW? HOW?
Life-Cycle Life-Cycle
‘; Evaluation J \
o;erations J Planning

A" e

Development

21. 22,
Rsset Management Objectives
How? How?

| Evaluation

PROCESS

Development

8 J

Operations Planning
A" &

PROCESS

Development

24,




Rsset Management Objectives
How?
P Planning
Va Evaluation \
B/ ;

Planning

Operations

S i

o
PROcEss
 Development

Stakeholder
& customer

RUI.[S &[ B:‘Iév:;rlza feedback

RESPONSTBILITIES

Delivery

Project
development

Forecast
performance
PROJECT DOMAIN (Districts)
____________________ Performance [N N Project
models tracking

NETWORK DOMAIN (Asset Management)
Forecast
it condition

Treatment
selection

Treatment
cost/effect
monitoring

feasibility,
cost, effect

Deterioration
model
Current
condition Research

25.

26.
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27.

ORGAMIZATIONAL ASPECTS SYSTEWS AVD PROGESSES RESEARCH PROIEGTS

o) P STEM NI
Wikl Wit
&35 SN QS
Wi - i

=

L NETORR 0TS

bl i, @
28.

TAMS ASSET MAVAGEMENT MODULE OVERVIEW

3 Modules Comprise ITD's
Transportation Asset
Management System

(TAMS)

29.

TAMS ASSET MAVAGEMENT MODULE OVERVIEW
3 Modules Comprise ITD's Performance al
Transportation Asset Model
e =N ==t

Construction
History

Database

Priort ized Project
Lt

Project Level
Pavement Testing

Operations and
Mairt enance

Network Level
Budget Scenarios

Project

Evaluate Pavement
Akematives

30.




TAMS ASSET MAVAGEMENT MODULE OVERVIEW

3 Modules Comprise ITD's Performance g
Transportation Asset L ety
Management System  performance ———— [ucm:;k Fari ]‘

(TAMS) Vol e ondtionsurer
tnputs

Treatmert Cost
Network Level
Budget Scenarios

Perfgrmance
Outphits

e ]
History

Project Level
Pavement Testing

Evaluate Pavement
Akematives

Operations and
Mairt enance

31.

TAMS ASSET MAVAGEMENT MODULE OVERVIEW
3 Modules Comprise ITD's Performance 1]
Transportation Asset L —

Management System  performance — Net work Pavemere
(TAMS) Moding | { J

Condt ion Surveys
tnputs
-_Treatmen Cost L Network

Network Level | perfdrmance

- sudse Scenaries | gl
Construction oo
History e

Project Level
Pavement Testing

LE

Evaluate Pavement
Akematives

Operations and
Mairt enance

32.

TAMS ASSET MAVAGEMENT MODULE OVERVIEW
3 Modules Comprise ITD's

Transportation Asset Modek

Management System  performance [ﬁ { Net work Pavemere ]
(TAMS) Vodeing ciion Trees

Condt ion Surveys
tnputs
~— Database

LE

Network Level | perfdrmance
Budget scenarios | gupelies

Priort ized Project
Uit

Construction oo
History e

Project Level Evaluate Pavement
Pavement Testing Akematives

o (e )

Operations and
Mairt enance

33.
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i

ca NETWORK PAVEMENT
5 CONDITLON
SURVEYS

35.

NETWORK PAVEMENT COMDITION SURVEYS - ALL STAR LINEUP

Inertial Profiler Pavement Friction Tester Falling Weight
(PFT) Deflectometer (FWD)*

Vinry " & Chsanica

Lynpd Skidimore’ "Thumper”

* Used on the project level

36.




Pal

PATHWAY INERTIAL PROFILER - Collects rutting, roughness,
" — cracking, geometrics, GPS
position, and roadway
images

+ Collect entire network every
year

+ Primary input into TAMS

A - Produces the "Video Log"

» 5.2 million points per
second

+ 15 photos per second

- 15 TB data per year

37.

PAVEMENT FRICTION TESTING

WHY?
- Key component of roadway safety;

+ ~20% of crashes occur on wet
pavement

- Approximately 14% of all fatal crashes
occur on wet pavement;

» Ensuring acceptable friction levels
leads to 50-60% decrease in wet
weather accidents;

38.
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39.

PERFORMANCE Munns/ DECISLON ThEES S ————
m CONSTRUCTLON COsTS
PERFORMANCE CRITERTA

- — - p— -
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2 v SYSTEM INRUTS.
A
v Wit *=
I51) HODELING TS S0 DT

w
Wi o lontl iR

= . ©
w

NETWORK DUTRUTS
ol i, @

4.

NETWORK QUTPUTS
o

NETWORK PREDICTED
PAVEMENT PAVEMENT
PERFORMANCE PERFORMANCE

BUDGET PLANNING

42.




. L~ . o~ —

17D ASSET MAVAGEMENT = AN OVERVIEW

ORGAMIZATIONAL ASPECTS SYSTENS AND PROGESSES RESTARCH PROIEGTS
p > SISTEM TS
® A
Vit Wil e
Y13 MODELING NPUTS WM st b
S
Wi o lontl
= . ©®  \QVAVIEY
a
L NETORR 0TS
ol @l ©

43. 44,
13 |601A - DISTRICT 6 8  Restoration Restoration - Flexible $582,490.00 1015
14 |601A - DISTRICT 6 8  Restoration Restoration - Flexible $879,648.00 1015
15 |601A - DISTRICT 6 8  Restoration Restoration - Flexible $2,616,768.00 1015
16 |601A - DISTRICT 6 8

£ PROJECT

Toweei{<]ia =] iapos

Htumans always make the decisions. :
Computers assist us by processing
data, consistently following
processes, performing unbiased

Restoration Restoration - Flexible $784,735.00 1015

»rP®000> >

tumans always make the decisions.
Computers assist us by processing
data, consistently following
processes, performing unbiased
analysis, and providing information.

analysis, and providing information. e :' : "'_‘:“f: ————
45. 46.
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PROJEGT LEVEL PAVEMENT WANAGEMENT & LIFEGYOLE

| Evaluation

PAVEMENT TESTING \

Operations Planning E l

Construction | Development
l | n

49.

PROJEGT LEVEL PAVEMENT MAVAGEMENT & LIFEGYGLE
From Rsset Management , )

Project Outputs ‘ Rt

Operations Planning E l

Construction | Development
l | n

50.

PROJEGT LEVEL PAVEMENT MAVAGEMENT & LIFEGYGLE

From Rsset Management ,

Project Outputs ‘ Rt

PAVEMENT TESTING \
/’ Operations )
To Rsset

Planning El
Management

Network Evaluation

Construction | Development I
ﬁﬁ L

51.

FALLING WETGHT DEFLECTOMETER (FWD)

WHY?
« Non-Destructive Test;
« Can determine what is failing (i.e. base or pavement);
- Estimate remaining pavement life;

- Simulates the expected deflection from a moving load ; — i
- Can be used in conjunction with distress survey; |

« Identify locations for destructive testing;

« Tailor treatments within project limits;

+ Recommended for overlay design.

52.
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RESEARGH PROJEGCTS

Travel Speed N Skid Number
Performance .
Deflectometer Translation
Measures

56.

TRAVEL SPEED DEFLECTOMETER (TSD)

- State of the Art

« Measures structural capacity

+ Builds on D6 work

- Part of a 3-year multi-state pooled fund study
- Collecting over 2,500 miles

« Allow ITD to tailor pavement treatments

- High ROI

57.

TRAVEL SPEED DEFLECTOMETER (TSD)

58.

Measuring your road network

59.

60.




61.

62.

Jackson

Homer Youngs Peak

" (@) e

Bridge Deck Condition

Beaverhead National Forest

Salmon Natianal Farest
Borehole Data

2\

Deflection
Seaverhead
Deflection Analysis
Forest
Segment Analysis
Remaining Life Segment
= less than 3 years
== 3107 years
7to 12 years
- 12017 years
= greaterthan 17 years
Patterson

—_— Chafs \

s
© 2010 NAVTEQ, © 2017 Micr¢

63.

64.

NEXT GEN PERFORMANCE MEASURES

Project Background and Description - Utilizing existing data, processes, and asset management systems, validate
and apply 8 leading performance measures and a cross asset optimization to determine benefit of long-term

g and decisit king.
Life-Cycle
Measures Financlal

Measures « Optimize treatments through Life cycle planning and Project selection

« Perform Trade-off Analysis using Cross-asset and Cross-program
analysis to build Program

+ Monitor Performance using TPM, Level of Service, and State of good
repair

« Not a black box solution, this is a framework which will enable and
inform ITD decision makers regarding implications of prioritization across
competing programs and assets.

65.

SKID NUMSBER TRANSLATION

This study had the following objectives:

Examine the correlation between SN, pavement and speed

Investigate the effect of pavement characteristics on the measured SN

Develop a statistical model that can be used to predict SN at a reference speed

Develop a software utility that can be used by operators to easily convert SN to different speeds.

* We got an equation.
SN, = 097145 - SN; — 0.58093(V, — V;) + 1.37935MPP

Improved SAFETY
Improved EFFECTIVENESS
Showed value of CONSTRUCTIVE CULTURE

66.
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67.

TARE AWAYS

- Rsset Management takes more than a computer program.
- Effective AM does the best with less.

- Quality AM requires people, process, technology.

- AM occurs across the pavement life cycle

- Network RM vs Project RM

- AM is about changing “data” into “information”

-

- o~
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SYSTEM INRUTS.
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i d
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TARE AWAYS

Poset Management fakes wore fhan a computer program.
Effective M does the best with ess.

- Qualty WM requires people, process, technalogy.
<AM occurs acroms the pavement Bfe cycle

e
Vet

Network M vs Project AM.

~RM s about changing “data” info “information”
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{@PPRA

Road Resource Better Roads Today. Stronger Roads Tomorr

Website Features
RoadResoul'ce.org Treatment Toolbox | User Profile | Network Optimization

A COMPREHENSIVE RESOURCE FOR Website Features
OPTIMIZING NETWORK MANAGEMENT Pavement Preservation | Sustainability Calculator

Website Features

Three Associations Join Together to Support

The Situation:
e Situation the Industry at Large

Demand is increasing

for asphalt emulsions, However, many city and county o ﬂ[\ [\
I agencies are still unaware of benefits . SA = -
preservation 8 AEMA mwm ARRA

and best practices to successfully

and recycling.

choose and apply these treatments.

MING THE PAVEMENT PRESERVATION & RECYCLING ALLIANCE
4{@®PPRA

3 RoadResource.org +  RoadResource.org

Two Guiding Questions Research & Collaboration
1 2 .
© titive exploration International SIS
How do we equip road owners How do we better disseminate ompe _ < < ISSA, AEMA &
i B . & Industry affiliations data survey .
& end users with tools to increase research, success stories, ARRA leadership
the successful use of pavement and learning across all
preservation and recycling? agencies, making information Input from over Interviews & beta-testing with agency- Page by page

more accessible? 45 agency and level users, pavement managers, DOTs, technical review
industry leaders & roadway engineers from multiple
committees

{ePPRA

4{@PPRA ¢ RoadResourcear

s RoadResource.org
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PPRA

Bothe roac iodey Stronger networks formorom:

1 What treatment
is right for my road?
+ Pavement Criteria Input
* Photo Example Suggestions

Build A Better Network

Treatment Toolbox

T ——— - Treatment
Resource Center
* Comprehensive Technical Menu
* Regional Success Stories
SECTION 3 > * Research and Performance
Network Optimization
* Spec Resources

PPRA User Account
SECTION 2

WEBSITE FEATURES

RoadResource.org

{#PPRA {#PPRA
Which treatment is best for my road? Treatment Resource Center
Input pavement criteria or select photos for treatment options Ensure treatment success with comprehensive information on 18 treatments

o P o € 47

{»PPRA {oPPRA
Success Stories & Research Compare Treatments

Use, performance & best practices in your region Project Cost & Environmental Benefits

Every calculator gives users the ability to

use average life extension numbers and
cost data from an internationally
aggregated cost survey (US & CA) or
input their own costs and life extension
relevant to their region.
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WEBSITE FEATURES

User Account
Capabilities

* Enter unit cost, life
extension, and structural
numbers from your area

« Update units
of measure
PPRA User Account for US or Canada

Tailor tools & calculators to your area

Network Optimization

{#PPRA
My PPRA Account

Input costs and life extension in your area to make the most of the site & tools

Change aggregate data into costs, life

extension, and structural numbers relevant

to you. Tools throughout the site

automatically re-populate with your data
every time you log in.

WEBSITE FEATURES

Calculators &

Concepts

* Network How-To
- « Equivalent Annualized Cost

« Life Cycle Cost

* Remaining Service Life

st-Benefit Value

Network Optimization

Information at the Network Level

{#PPRA
Equivalent Annualized Cost

Compare treatment cost based on Life Extension

Vs oer watinmaly aggrogaled data or enter yuur own data

{#PPRA
Life Cycle Cost Calculator

Save big over the life of your pavement with progressive maintenance

SN TE
°
o
o

{#PPRA
Remaining Service Life
How much life is your network gaining or losing each year?
e
Remaining Service Life s
Is yasr metwork gaining or losing life sach year? Total nmyx::ﬂunrmlu Average ll:: Width (ft) M:::;:,d,';‘ Hlml:\z\nglzgldn(

funds toinjoct mors lfe

See how this agency reallocatad|
into thei network,using the same budgot

vouooen
1009 UNEMILEYEARS OF LTE
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{#PPRA
Cost-Benefit Value

Which projects will give the “biggest bang for the buck?”

Cost-Benefit Value

Totl Budget
s | a0

Total Network Lane-Miles DT Constralnt

(Trafic/ Constrain Factor ) x (Lif Extension )

CBV =

(Unt Cast) x (PC1 )

LT ——

= = T
BT e R [ e eV
. -]
(011 6 o .
e e 1 d =] e )
L~ Srtin) e EIW cem ssen
- e
T e T, Pt s A hr Bt

[{SL“Calculator Worst First A: p roach

s oo stisz

o

2 RoadResource.org

RSL Calculator | Optimized Approach

Total Network Lan-Miles  Avrags Lane Wit 1)

Total Bt Remaining Bdget

Tota Network act

preservation Rensbitation

Conpratltions

21 RoadResource.org

Rt
January 31, 2019 or indus Sales Team
——
ute Lane-Miles Lane-Mile- Unit Total
Trestment Type. Extension Tres Years cost cost
JFullDepth Reclamation + 4" HMA. Recanstruction 2 2 50 2850 $401,843
[Major bl & il Rehabiltation 15 2 3 $1660 $231201
[Minor il & Fil Rehabiltation n 2 2 $9.80 $137.08¢
rack Seal Preservation 2 8 1 048 27,058
ToTALs i1 $ao1,152
reak even)
[optimized Approach -
ute Lane-Miles Lane-Mile- unit Total
Category Years Cost
[FullDepth Reclamation + 4" HMA Reconstruction 2 1 s 2858 00922
Wil & il Rehabiltation 15 1 15 St66e $117,146
Rehabiltation n 1 1 $9.80 68,992
riati 2 E @ 5048 s67.5
[Rejuvenating Fog seal Preservation 3 8 2 s067 $37,734
hip Seal Presenvation i 8 a8 $2.06 $116,018
IMicro -sigle it Presenvation 6 6 3 $277 $117,005
seal Presenvation 10 2 2 $5.20 s13.216
ToTALs + 219 $738,618

2 RoadResource.org

Subscribe to the Road
Resource Newsletter

Get the latest in industry trends, research, success stories, and technical updates in a succinct monthly e-newsletter.

_ Svem

23 RoadResource.org

Like and Follow PPRA on Social Media

0-0

2 RoadResource.org

{@PPRA
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FOR MORE INFORMATION

Melynda Boswell

Boswell Asphalt Paving Solutions, Inc. Visit the new RoadResource.org

(208)-884-1050

boswellapsolutions@gmail.com

For Association Information

RoadResource.org A GET THE MOST OUT OF ANY PAVEMENT WITH JUST ONE NEW TOOL.
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Development and Evaluation
of Performance Measures to
E Augment Asphalt Mix Design

A in Idaho
Universi

ofldaho

ngi

Emad Kassem, Fouad Bayomy, Hamza Alkuime

QOctober 24, 2019

Outline

m Research Motivation

m Research Objectives

m Research Methodology and Tasks

m Research Findings

m Research Recommendations/Implementation

AGGREGATE SELEGTION ASPHALT SELECTION

Research Motivation

VOLUNETRIC WIXTURE
OESIGN INCLUDE
MOISTURE. SUSCEPTIBILITY.

VOLUMETRIC DESIGN

1

WERSUREWENT OF
PERFORMANCE BASED
MATERIAL PROPERTES

MECHANICAL PROPERTIES

FIELD CONTROL

le

Universityofldahol Universityoridahof
Research Motivation bk ? H Motivati
esearc otivation
m Superpave volumetric mix design is conducted without performance criteria to evaluate the
mix resistance to cracking and rutting. m Rutting and cracking have been observed in pavements that were designed using the
Superpave method
aw Won W e
Pertormance Grsce 34| 0] a6 |10 18] 22] 20 34 a0 a1 22 [20] 54 [0 va s 22 28] 2a] w0 | =
Rutting criteria =) "% Rutting
Fatigue criteria —) %
Low-temperature =
criteria 7
Moisture Damage
o Sulmme Cl) Hﬂwerslwmldam

Performance-Engineered Mix Design (PEMD)
or Balanced Mix Design Method (BMD)

Volumetric
m PEMD incorporates

performance
assessment tests

Rutting
Criteria

Criteria

PEMD concept
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Research Objectives

1. Review and document performance tests and indicators used by
various transportation agencies to evaluate the resistance of
asphalt mixes to cracking and rutting.

2. Propose and develop new analysis method for monotonic cracking

assessment test and dynamic cracking assessment test to overcome the
limitations of existing indicators and tests

3. Select the most promising performance tests and indicators

Examine and evaluate selected tests and indicators to assess the
resistance of asphalt mixes to cracking and rutting

5. Develop performance thresholds to ensure adequate resistance
to cracking and rutting

Research Methodology and Tasks

Universityofldahof

7 8
. . Universityofldahol H H Universityoridahof
Task 1: Literature review ekl Task 1: Literature review o g
Rutting assessment tests m Performance thresholds
Asphalt Pavement Analyzer (APA) rut test Performance indicators
APA rut test HWTT
O Maximum rut depth @ or N ; o e
) utting performance threshold (Minimum # of Passes)
, oading cycles Addiional Distinguish criria il
8 OOO l d Y l Limits (Max. rut
(APAgo00) State DOT | (i.e., binder PG, traffic level. et (o) ::I:i;::n(n‘nl -:::T;t Limits, @12.5mm rot depth
e traffic level. cic) tested at 50 °C
TXDOT <=PG 64 10000
Idaho All mixes (SP3, SPS) 5.0 PG 70 15000
SMA mixes and HMA with =>PG 76 20000
. ‘Alabama traffic ESALs between 1.0E7 45 Tllinois PG 58-xx 5,000
2 and 3.0E7 PG 64 7,500
Hamburg wheel tracking test (HWTT) U Maximum rut depth @ i b
——— - - 15,000 loadi Alaska Al mixes, 3.0 PG 70-xx 15,000
" y - " ’ 03 Ing PG 76-xx or higher 20,000
passes (HWTT,5000) Georgia | 19:0mm ?‘“dmz‘:c? mm NMAS 50 Oklahoma PG 64-xx 10,000
O Maximum rut depth @ ' PG 70 15,000
20,000 loading Others Others rotes o
passes (HWTT,4000
9 10
. . Universityofldaho . . Universityoldahol
Cooe ot it Goton o it
Task 1: Literature review e Task 1: Literature review :
Documented testing standards to assess cracking Performance indicators and PEMD specification to assess cracking
Semi-circle (SC) 7 Formils Fesearch group Feferences
Specimen geometry sC DT 1 Grotat, - Whithue (Zhu et al. 2017)
Tacture ~ crack face area
ASTM D6931 1o _ 20002Prea Buttlar et al.
2 Otesnile =
Testing Standards ASTM D8044 AASEE ™| ana ps225 et oo (1996)
_ Orensite’ West and
} 3 L Japan ieyivi
2 1)du Wu et al. (2005);
syl scoc | seaer | or 7 \g 9 IR I U
= H 5 1 %) 1) da (2006)
> £ g % ot
£z Notoh (mm) 1o 4 30 and38| 15 |  — H /&) ! % s FI =001+ Gf'étf""h University of lllnois at |~ Al-Qadi et al.
S E depth . 1 \& b Urbana-Champaign
& & Diameter (mm) 150 150 150 or 101.6 CIrCUIar 1 . N = Toughness National Center for
aon : Vrtex = —postpeat halt Technol X
Loading rate (mm/min) 05 50 50 i : e ¢ tecion R A
: nac;('me " : "ic;uw : Termination otal
Test output Load-displacement curve S IDEALCT pmex= % X
— 7 [mIgPey | “62 | Texas A&M University | Zhou et al. (2017)
Total fracture work X gytoterance
Glrgeture 2 ]
semocamen (o) s cnr = e [ —
12
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Task 1: Literature review

Identified limitations of cracking assessment tests
m Current monotonic performance indicators

- Lack the full description of the load-displacement curve

- Provide illogical trend with air void content and thickness
m Current dynamic assessment tests

- long or unknown testing time

B

- Unknown stress/strain levels
- Complex specimen shape

- Costly equipment

- Can not be used to evaluate extracted field cores

m Curve fitting

Bl g,
SRC

where
- P =the applied load or stress
- u=the measured displacement
- B =the shape parameter
- n =the scale parameter
- A-=the area parameter

Task 2: Develop new and innovative cracking assessment tests

Innovative unified monotonic performance indicator

Universityofldahof

Load (KN)

+ Measured

—— Predicted
..... Upper CI
- LowerCl

=186, n-3.56,

2 4 6 8 10
Displacement (mm)

14

Universi
Task 2: Develop new and innovative cracking assessment test
Innovative unified monotonic performance indicator

m Indicator derivation

Higher WeibUllcy, Indicates
improved resistance to

cracking

30

1200

: n

S Weibull cp; = (/_f X log[A]
7 o
£ 4 - where:

200 B = the shape parameter

N =the scale parameter,
° Verfeal actuator stratn %) s A =the area parameter 15

MSSD applies a series of different SIF factors

Ten different loading stages with different SIF
are applied

Task 2: Develop new and innovative cracking assessment tests
Develop a new dynamic loading cracking assessment

Univer Idahof

Applicdlosd (N)

0 Settng load

o
1006 10065 1007 10075 1008 1S5 1009 10095 1010
Noafeyeles

Z 0

Stage-§] Stage9)

AK
Kmax
Kmin

Stage0] Stage-1] Stage 2| Stage-3) Stage-d) Stage-5 | Stage-6 Stage T
0 08 177 249 | 34

124
020 | 060 | 078 | 103 144 197
012 | 020 | 020 | 020 | 020

269 360 468 600
020 | 020 | 020 | 020 | 020

performance evaluation
Identified test materials

Task 3: Identify and select testing materials and conduct field &=

Universityorldahof

Universiyoridano
Task 2: Develop new and innovative cracking assessment tests
Develop a new dynamic loading cracking assessment test
dv
i i —— = H (4K)*
Data interpretation PTTARRAGLY)
i
, 2 LE-03
g ; ae| B
ZLE04
E
H
o 10000 20000 30000 Z1E05
Nambesfocs :
LE-06
‘ (Lz[;vt/g\f:pe Improvingin mix
resistance to "E'WM 1 10
B e g cracking Ak (Nmm

Six Laboratory
Mixed-Laboratory
compacted (LMLC)

10 Plant Mixed-Laboratory
compacted (PMLC)

17 Field Projects

Her,
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Task 3: Identify and select testing materials and conduct field 5%

performance evaluation
Observed field performance -

Observed cracking performance

fldahof

Observed rutting performance

Task 4: Conduct laboratory performance tests™""

Labaratory testing

*

Selected testing _ , Whosl (raclis
. IW o roa oo “tandards and Menotonic tests | Fatigue tests I cel tracking tests
; Experimencl
design
g
£ I
2 3
p £
H £, | ‘ Selected ce indicators \I
% R 'L (17 performance indicators)
a 0
SESF EEEEE83888F¢88 FERER RN R RN R I I 1
Project D frolest D { 6 LMLC Mixes J 10 PMLC Mixes J [ 17 Field Projects J
19 20
Iniversityorldaho Universityorldahof
Task 4: Conduct laboratory performance tests "
.
Task 4: Conduct laboratory performance tests yp
Selected performance indicators Testing devices
Most promising rutting performance indicators Promising cracking performance indicators
# Assessment test | Assessment Indicator N
# | Assessment test Assessment Indicator
1 APA APAg00
2 HWTT 7 SCB-Jc Je
. HWTT 15000 Total
3 HWTT0000 8 Grlacture
9 SCB-FI CRI
10 FI
Newly developed cracking performance indicators 11 GIotar
# A t test Assessment 12 Ttesnite"”"
ssessment tes Indicator 13 IDTmodutus
14 IDT F1
L4 Slope (2) o AMPT APA Jr.
5 MSSD Abs log (H) 15 CRI MTS
6 DT Weibull ¢g; 16 IDEAL — CT 1ngex
17 Nriex 22
Task 5: Conduct comprehensive evaluation of cracking and rutting Universiyoridano Task 5: Conduct comprehensive evaluation of cracking and rutting Universiyoridand
performance of laboratory-prepared specimens performance of laboratory- prepared specimens Varabity | verage cov
R . o ) Performance indicators variability Low <10%
1. Investigate fundamental understanding of variation in the load-displacement Moderats | 10% < COV < 30%
curve in terms of mix cracking resistance [T
2. Examine performance indicators sensitivity to the variation in binder content Performance indicator | Variability
3. Examine performance indicators sensitivity to the variation in binder grade T . i s (IDT) Moderate
. L s | ; Gacne (SCB-FI) oderate
4. Examine performance indicators variability T - ; 'm(m) S " '
5. Examine performance indicators correlation with each other . ; i : CRI (SCB-FI) Moderate
3 T | I
6. Examine performance indicators statistical grouping for mixes performance Swl T - - ] R ‘ ) i FLADT)
g 5 i - : i ' : ; FI (SCB-FI)
H i H i g H T A . H H H H
7. Invest|gatg thg expected cracking and rutting resistance of currently produced £ | . A ? ; IR DEALCTay, | Moderate
asphalt mixes in Idaho ol 6 ¢ : S L2 :
i l - i ‘ Nflex factor Moderate
e IDTStrength CRI(DT) Gfracture CRI(SCB. Gfracture IDTModulus NFlex(IDT)  FI(IDT)  IDEALCTI FI[SCB-FI] DT, low
CRIIOT] (o) Fiy (SCB-Fl) (IoT) (oT)
DTy Moderate
J. NA
23 Weibull g, (IDT) Lowest
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Universityor|
Task 5: Conduct comprehensive evaluation of cracking and rutting o s

Idaho

performance of laboratory- prepared specimens

Iniversityof|
Golagn o Erghostg

Task 5: Conduct comprehensive evaluation of cracking and rutting
performance of laboratory- prepared specimens

Performance indicator

Idahof

Evaluation criteria HWTT 000 I indicates worse cracking resistance,

I indicates worse cracking resistance,
Summary 7 inciates botercackingrstance,
T PG ey 8 shows bth rnds
Pl : IMLC
Biade | B | DAIwADALT| DALl | Diliie | Diiw | Dl | Dz | Namwer| " incicates agreemens between
O oo | | o | i | "ty | " | oo | indicator ranking and the expected
g | coing | conce | roimee | roismee | rersmee | OMLO) ranking
comsmace | rasmee | @asDIL3 | tasDALs | taaDALL | teaDILl
P o e % == 7 o 7) % indicates disagreements between
v g v v v v v v 4 Indicator
== = = = = = = T — ranking and the expected ranking
Al A X X X v v v 3
oD ) A | A v v v v v v 2 z
IGoD | A | 7 X X X v - 7 7| wee
e X v v v v v 2
Somhoo || A | A 7 7 v 7 7 7 2
Dree | £ | £ X % X v 7 X 2 o
Dhws | £ | § X X v v X v 1
T g X X X X - - NA N
Vel | A | A - 7 v % 7 7 G| T

HWTT 15000 APAg00
o 7! indicates better cracking resistance,
Binder content
(increase binder content) 4 K 4 B shows both trends
to
_ binder PG 4 4 2 v indicates agreements between
(using softer binder content) indicator ranking and the expected
— — ranking
Statistical sensitivity 7 6 7
- low/moderat % indicates disagreements between
Variability Moderate Moderate indicator
o o € ranking and the expected ranking
oisture oisture
Advantages N/A

damage | damage

Correlation based on ranking 1,=0.10 (APAggp0 VS HWTT,000)
mixes resistance to rutting 0.14 (APAy90 VS HWTT 5000
(Spearman rank correlation coefficient [ry]) 1,=0.98 (HWTT 5009 VS HWTTy500)
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Task 6: Develop PEMD spe
rutting
MSSD indicators and Observed field cracking

[ mGood field 5 Fair ficld performance _® Poor field performance

‘Good performance threshold (2<1.9)

45| Fair performance threshold (1.9 <2<2.9)

4 [oorpertormance ireshald (+>29)

x
s [

Dacs
s
pacio
Dacs
Dics
2o
D27
paci2
pcut
it
Dacs
Do
Dect
pacis
sz

ProjectID.

Lower slope (2) value indicates improved resistance to cracking
27

ations to assess mix resistance to crackiRgERd<

Task 6: Develop PEMD specifications to assess mix resistance to crackiﬂm&?am
rutting

Monotonic indicators and observed field cracking NONE FETE R
indicators
[ ®Good field performance & Fair field performance B Poor field performance
350
300
2 250
g
3 200
=z
2
2 150
100
50
0
S
EREfEEgEEaeag8ssa
a a a a
Project ID

Task 6: Develop PEMD speci
rutting
Monotonic indicators and Observed field cracking

m Explanation

m It was reported that monotonic performance indicators to provide illogical trend with specimen air void
content and thickness

cations to assess mix resistance to crackiam&n'?am

=]
[=]

b

ey —
D201 s

D204 —
i

D206 |

Dacs —
Dics |
D27 |
Dacs ——

DICH [

JR—"
D0 [——
—

Dic: [——

Dics

D2cio IS

D2co (I
Jr————

e

Pruject 1D Pruject 1D

Task 6: Develop PEMD specifications to assess mix resistance to crackiﬂm&?am
rutting
Monotonic indicators and observed field cracking

m Proposed solution "

0

Flyy, = Flay x :\;’/‘: 0

0

Flyy, = Flay X 70'06512
AV-aV’ 300
Flgy = Fl X o 200
50

100

(A-Qadi et al, 20153; Barry, 2016; )
Rivera, 2017; Kaseer et al., 2018) &O\, 0%_:,&\,‘,&0\6?¢69 &c‘, 0@ otﬁ'd‘/& &(ﬁ &C 653’ &S&L\Q &d,&d,

30
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Task 6: Develop PEMD specifications to assess mix resistance to crackiﬂma!ﬁ’a'”
rutting

Monotonic indicators and observed field cracking

m Alternative New Solution

Task 6: Develop PEMD specifications to assess mix resistance to crackiM’wH?’aﬁ"fiﬂ!fk’ho

rutting
Monotonic indicators and Observed field cracking

Alternative New Solution

Task 6: Develop PEMD specifications to assess mix resistance to crackiH’é"’%’ﬂ%’&'?@“
rutting
Rutting indicators and observed field rutting

Task 7: Develop recommendations and guidelines for PEMD

Recommended assessment tools to assess cracking and rutting

43, 2l MSSD Proposed Performance itk
4 Monotonic indicators | (Slope) Thresholds (Minimum)
e R? Fair Good Good
E ; Gfraciure (SCB-FI) 0.55 1546 2280 =
g CRI (IDT) 0.59 466 614 —
s ] : FI(IDT) 0.57 11.38 2255 i Sreedhar et al., (2018)
15
; [} e =
i i : IDEAL-CT, .. 055 26.4 737 80 Diefenderfer and Bowers,
[ : I (2019)
N ] ] Nflex factor 0.62 0.38 0.70 0.80 West et al., (2017)
5 3 s a s 5 55 6 I 0.46 0.21 0.61 0.60 LADOT, (2016)
WebullRl Weibull g, 080 ] 357 4.7 NA
=i — = Fair per threshold = = Expon. (FMLC Mixtures}
31 32
Universityofldahof

Colege of Engnearing

15 PEMD specificati
Eu b Distress Test type Test standard Pefrfo.rmance spectications
E S I indicator Performance Thresholds
g u Good Weibullog 4.7
2 10 g
2 g
§ 5 'y a Monotonic - Weibullgg, 3.57 <Weibulleg, >4.7
® 6 &> N
£ i A a A % Cracking Poor Weibullgg, <3.57
$ a A‘ > y
: 3 Good 7Z<1.9
I 5
N l MSSD - Slope (Z) 19<2<29
] 1 2 3 a4 5 Fizm R:' de:;" (MQM) 10 11 12 13 14 15 Poor 72>29
4 Good field performance Fair field performance
Good/ Rut depth < 10 mm
Proposed threshold Maximum rut depth of 10 mm at 15,000 passes Rutting HWTT | AASHTO T324| HWTT 50
Poor Rut depth >10 mm.
33 34
Universiyoridaho Universityoridahol
Task 7: Develop recommendations and guidelines for PEMD ACKNOWLEDGMENTS
Implementation Guidelines
P m Dr. SJJung
8
2 m Dr. Ahmed Muftah
Design process i i
anp 1 m Mr. Fahmid Tousif
¢ § m |ITD Project Research Committee Members
Volu_me_tric E
Criteria ‘& m |TD District Materials Engineers
"
Rutting facking 2 S m |ITD Asset Management Team
Criteria Criteria r< =y
1 ] Design Pb% range 1 2
0 ¥ ¥ 0
3.5% 4.0% 4.5% 5.0% 5.5% 6.0% 68.5% 7.0%
Binder content
—WeibulICRI —— HWTT15000
35 36
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7 WSDOT

59th Idaho Asphalt
Conference

INCREASING SERVICE LIFE of
HMA in WASHINGTON STATE

Joe DeVol, Asst. State Materials Engineer
October 24, 2019

Background

» How we got to where we are
* Hamburg and IDT Specification - 2014
» Multiple Stress Creep Recovery - 2018*

* Included percent recovery - T 350 (R-92)
*  Worked with PCCAS, Al, Regional Task Group & WAPA

WSDOT 3

Pavement Life - Years Between Resurfacing
Western Washington
600 (Olympic, Northwest & Southwest Regions)
Mean = 1
16.2 years !

Mean =
17.2years

Construction Cost per lane mile =
$275,000

Lane-miles

34 56 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Pavement Life (years)

WW - Change of Life ( years) 0 1 2 3
Average Life (years) 162 \' 172 ) 182 19.2
Annual Cost Per Lane-mile| ~ $25,648 $24,190 $22,985 $21,963
$ Change in Total Annual Cost 50 ((s9u38,00%)| 517235754 | s23.850009
9% Change Annual Cost| 0% % -10% -14%

FWSDOT s
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Background

» How we got to where we are
* SHRP efforts - 1995
* Implemented PG Binders - 2000
» Superpave Volumetric Mix Design - 2004

+ Elastic Recovery Specification - 2012

FWSDOT 2

Pavement Management Perspective

Statewide Lane Miles Statewide VMT

+ 18,500 lane-miles

*+ 516 billion pavement
replacement cost

FWSDOT

2017 - Met w/Industry
Open Discussion and Dialogue

WSDOT WAPA

Dave Gent, WAPA

Jon Deffenbacher Kenton Hill, Granite Construction
Kurt Williams Chris Pedersen, CTL

Joe DeVol Dave Bell, Lakeside Industries
Jeff Uhimeyer Brad Giriffith, Miles Resources
Bob Dyer

Chris Christopher

FWSDOT 6



Two Areas of Focus:

1) Increase Asphalt Content

2) Increase Density

FWSDOT ’

1) Increase Asphalt Content

« Initial Discussions:
— Add asphalt binder to all mixes (0.3% Pb)
— Use air void regression (4.0% to 3.5% Va)
— Revise voids in mineral aggregate (VMA) requirements

— Tighten percent binder (Pb) tolerance

— Tighter gradation control

WSDOT i

2017-2019 - 3/8 Inch VMA
Production Data

o 2017 VMA Avg. = 15.6% d
o 2018 VMA Avg, = 15.2%
2019 VMA Ave. = 15.7%

0 100 200 300 400 500 600 700 800 900

10/27/2019

1) Increase Asphalt Content

« Initial Discussions:

— Add asphalt binder to all mixes (0.3% Pb)

Use air void regression (4.0% to 3.5% Va)

— Revise voids in mineral aggregate (VMA) requirements

Tighten percent binder (Pb) tolerance

Tighter gradation control

FWSDOT 8

VMA & Pb
SPECIFICATION REVISIONS

.5% JMF

FWSDOT 10

2017-2019 - 1/2 Inch VMA
Production Data

© 2017 VMAAvg. =14.3%
110 © 2018 VMAAvg. =13.9%
2019 VMA Avg. = 14.4%

*LsL=12.5% LSL =13.0%

o 200 am 500 800 1000 1200

FWSDOT 2



2017-2019 - 3/8 Inch Percent Binder
(Pb) Production Data

2017 Pb Avg. = 6.1%
2018 Pb Avg. = 6.1%
2019 Pb Avg. = 6.0%

40
s0x

FWSDOT 3

3/8 Inch HMA Percent Binder
(Pb) Production Average

6.8

6.6
6.4
6.2
6.0
5.8

Percent Binder Pb

5.6
5.4
5.2

2013 2014 2015 2016 2017 2018 2019

Year

WSDOT 1

2) Increase Density

Lowest Specification Density by PWL (Lower Limit)

Compaction Study

FWSDOT 7

10/27/2019

2017-2019 - 1/2 Inch Percent Binder
(Pb) Production Data

. .
o .
o 2017PbAvg.=53%
ki ©  2018PbAvg =55%
2019 Pb Av. = 5.4%
s
o 200 a0 00 200 1000 1200

FWSDOT

1/2 Inch HMA Percent Binder
(Pb) Production Average
6.2
6.0
i 538
E 56 54 5.4 = 5.4
& |54 | sa 5
- 5.2
§ 5.2
E 5.0
4.8
4.6
2013 2014 2015 2016 2017 2018 2019
Year
5 WSDOT

2017 COMPACTION SUBLOTS
LSL of 91% and Forecast with LSL of 92%

Increasing LSL to 92 Forecast for Lots if LSL = 92%
pushes performance

in this direction

2016 Test Data for LSL =91%

8 87 88 8 9 91 92 93 94 95 96 97 98 99 100
PERCENT COMPACTION

FWSDOT

18




COMPACTION SPECIFICATION

BHS

FWSDOT

Production Data

2017-2019 - 3/8 Inch Compaction

2018 Spec Data

i

s

§ &

& & F

2017 Spec Data I

[ I | I | |
S 5o & &
# &

WSDOT
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2017-2019 - 3/8 Inch Compaction
Production Data

100.0

: . N . LSL=92.0%
90.0 . 15L=91.5% .
o LsL=010% M . . . |
mo o o . '
@ 2019 Density Avg. = 93.8%
86.0
5 WSDOT 2
2017-2019 - 1/2 Inch Compaction
Production Data
100.0

20.0 .

Production Data

2017-2019 - 1/2 Inch Compaction

2017 Spec Data

| 2018 Spec Data ‘
|IIII_ [ ] IIII| I
3 > & &

s
2019 Spec Data

b oE A

LSL=91.5%
LSL =91.0% .
880 © 2017 Density Avg= 93.7%
® 2018 Density Avg. = 93.5%
2019 Density Avg. = 94.1%
86.0
0 w0 20 0 a0 s a0 0 o 200
FWSDOT 2
2013 - 2019 HMA Percent
Density Production Average
94.5
—_— 3/8 Inch Percent Density
935 93.80 93.80
93.4 93.49
93.0 93.2 ey 93.2
92.5
2013 2014 2015 2016 207 2018 2019
945
1/2 Inch Percent Density
94.0 94.1
93.5 93.7
93.5 935
93.0 933 933 933
93.1
92.5
2013 2014 2015 2016 2017 2018 2018 2019
FWSDOT 2
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7 WSDOT 7 WSDOT
Questions? Other Efforts to
Increase Service Life of
HMA
Cont ion: H H
ontact Information in Washington State
jdevol sdot.wa.gov
(360) 709-5421
[ |
What We Learned? Hamburg Wheel Track Testing

» Hamburg — 2010
« Asphalt and Anti-Strip Compatibility
« Asphalt Modification — Products and Processes

« Benefits of Polymer Modification

*Note: Dual testing AASHTO T 315 & T 350 since 2008

28

WSDOT FWSDOT

Asphalt Binder Testing

Original Formulation Polymer Modified

* Met Conventional PG Specs + Met Conventional PG Specs
(AASHTO - M 320) (AASHTO - M 320)

* Met MSCR Specs * + Met MSCR Specs **
(AASHTO - M 332) (AASHTO - M 332)
Elastic Recovery = 25% + Elastic Recovery = 74%
(AASHTO - T 301) (AASHTO - T 301)
*Excluding R 92 *Including R 92

FWSDOT 2 FWSDOT i
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2018 Standard Speci

ications

Asphalt Binder Changes

* M 320 Grading System

FWSDOT

PG58-22
PG64-22
PG70-22
PG64-28
PG70-28
PG76-28

(60% ER)
(60% ER)
(60% ER)
(60% ER)

+ M 332 Grading System

PG588-22*
PG58H-22

PG58V-22 (30% Rec)
PG64S-28* (20% Rec)
PG64H-28 (25% Rec)
PG64V-28  (30% Rec)

*“S” Grade not used by WSDOT

31

FWSDOT

2018 Standard Specifications

9-02.1(4) Performance Graded (PG) Asphalt Binder

PG asphalt binder meeting the requirements of AASHTO M 332 Table 1 of the grades specified
in the Contract shall be used in the production of HMA. For HMA with greater than 20 percent RAP
by total weight of HMA or any amount of RAS the new asphalt binder, recycling agent and
recovered asphalt (RAP and/or RAS) when blended in the proportions of the mix design shall meet
the PG asphalt binder requirements of AASHTO M 332 Table 1 for the grade of asphalt binder
specified by the Contract.

In addition to AASHTO M 332 Table 1 specification requirements, PG asphalt binders shall
meet the following requirements:

‘Additional Requirements by
PG) Asphalt Binders

Property TestMethod | PGS8S-22 | PGSBH-22 | PGSBV-22 | PGG4S28 | PG64H-28 | PG6AV-28
RTFO Residue:
Average Percent | jasuto T 3501 30%Min. | 20%Min. | 25%Min. | 30% Min.

Recovery @ 3.2

TSpecimen conditioned in accordance with AASHTO T 240 - RTFO.

The RTFO Jnrdiff and the PAV direct tension specifications of M 332 are not required.

32

7,000

6,500

PG58H-22 (PG64-22) 2016, 2017 Combined Test Data

6000kPa
Specification for
PAV DSR

6,000

5,500

5,000

4,500

PAV DSR

4,000
3,500
3,000
2,500

2,000
0.0

WSDOT

0.5

1.0

Jur

£2.0nr
Specification

15 20

=2016Data ® 2017 Data

PAV DSR

FWSDOT

PG58H-22 2018 Test Data
7,000

6000kPa
Specification for
PAV DSR

6,500

6,000 w o

5,500

- £ 2.0 Jnr

5,000 Specification

4,500

4,000

3,500

3,000

2,500

2,000

0.0 0.5 1.0 3 15 20 25

= 2018 Data
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% Recovery
"
Q

PG58V-22 (PG70-22) 2016, 2017 Combined Test Data

<10nr
Specification

0.0

FWSDOT

0.5

= 2016 Data

30% Minimum
Recovery Spec.

= 2017 Data

25

FWSDOT

PG58V-22 2018 Test Data
100

a0
80
70
60 |

50
£1.0Jnr

Specification

9% Recovery

40

30
20% Minimum

20 | = Recovery Spec.

10 ¢

0.0 05 10 15 20 25

= 2018 Data




PG64H-28 (PG64-28) 2016, 2017 Combined Test Data
100 |

z
g 520 )nr
8 Specification
&
R
| 25% Minimum
1 Recavery Spec.
I LY T g
x| . T A
- 9 -
H -
10 |
ol
0.0 s 1.0 ) 15 20 25
=2016Data = 2017 Data
 WSDOT ¥
PG64V-28 (PG76-28) 2016, 2017 Combined Test Data
100
920
80 -
70
60
i
§ 50
& £1.00nr
® % Specification
30
30% Minimum
20 Recovery Spec.
10
0
0.0 05 1.0 15 20 25
Jur
=2016Data 2017 Data

WSDOT %

2018 Asphalt Binder
Meeting Specification

100%
" 0%
s 2 em
°
g
ow o
=L
®E | s
o
50
& ‘% 50%
- A0%
8 £
o5 3
)
o= 2%
10%
0%
Pre 2018 Spec 2018 5pec
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PG64H-28 2018 Test Data

90 |

&0 H—

"S' s2.0nr
_8. Specification
®
25% Minimum
Recovery Spec.
20 -~
10 |
ot
0.0 05 10 , 15 20 25
® 2018 Data
SWSDOT 38
2010 - 2018 Asphalt Binders
Meeting Specifications
100
99.5
w 99
) ] 98.4
t5
=5
og =
®E
52 .
a0
£ o
8 E - Percent Passing Asphalt Binders Tests
53
o=
95
2010 2011 2012 2013 2014 2015 2016 2017 2018
Year
SWSDOT 4

7 WSDOT

Questions?

Contact Information:
Joe DeVol
jdevol@wsdot.wa.gov
(360) 709-5421




10/27/2019

Pavement Reinforcement Products for
Improved Pavement Performance Agenda
Increase ESAL Capacity -+ The Basics: What Interlayers are, and
. . Why We Use them
HMA-WMA 3 g i -+ Problems that Pavement Reinforcement
sisiiay X <V Products Solve / Benefits they Bring
Stress/Strain Absorbing/HMA Paving Reinforcement
Bottom Mitigate Impact of -+ Independent Verification & Project
HMA Layers Crack Return and Severity Agmg.;aﬂgv::em E |
: i ol ndeidss xamples
Jordan Rabin - Pacific North Engineering Rep
2019 Idaho Asphalt Conference Tensar 5o Tensar

What are Interlayers?

Any material(s) that are used between pavement
layers to improve pavement performance.

The Basics: What Interlayers are,
and Why We Use them Functions: Asphatt .

Interlayer
GlasGrid®
Interlayer

- Moisture barrier
- Reflective crack level up
mitigation
- Reinforcement of —_,
asphalt to extend surface course

pavement life and Wrking

loading capacity Thermal

crack

Asphalt

Lane

widening
Longitudinal  joint
joint crack

Interlayers # Pavement

Reinforcement Products Why are Interlayers Used?

Any material(s) that are used between pavement

) *To reduce maintenance cost and frequency
layers to improve pavement performance.

-+ To keep up with increased traffic loading

) Asphalt ~+Some areas just need a little help
Functions: overlay A GlasPave®
Interlayer
GlasGrid® =
Interlayer

- moisture barrier

R Asphalt
- Reflective crack level up
mitigation
- reinforcement of -

Existing asphalt
asphalt to extend surface course
pavement life and Working

joint crack

loading capacity Thermal

crack

To get more life out of your pavement, at a
lower cost, over the course of its life

Tensar.

Longitudinal joint
joint crack
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Building Longer Life, More Maintenance Free Building Longer Life, More Maintenance Free
HMA Pavements, that Cost Less HMA Pavements, that Cost Less

OR JUST KEEP MAINTAINING! OR NOT!

P

When Aren’t Interlayers be

Enough? What Can be Done Instead?

Increase ESAL Capacity

HMA-WMA
Top Layers
Stress/Strain Absorbing/HMA Paving Reinforcement
Bottom Mitigate Impact of
Aging, Fatigue &
HMA s Delay Crack Return and Severity Thermal Movement
5 2

Tensar. Tensar.

STRUCTURAL - Base Issue CORRECTION

Trench Cut- Dig Out Repairs

TriAx Geogrid & Rapid Repair GlasGrid 100
T?ench De;" A,;na“ves Problems that Pavement
Reinforcement Products Solve /

TRENCH FILL ALTERNATIVE 1 TRENCH FILL AITERNATIVE 2 - -
57 MIN Hot Mix Asphalt Full Depth Hot Mix Asphatt Benefits they Bring

017 (20°) MIN of

g:_ 4 E, b . 3 $ ¥ 48 ES
Eoen) ow

LIMITS OF THE TRENCH = X - 2.0 [1° Steps]
omT

+ WIDE >

—  MTSOFTHESAWCUTsxe02 ——®




Benefits Of Pavement
Reinforcement Products

 Reinforcement
-+ Mitigate Reflective Cracking
*Moisture Barrier
-+ Sustainability

| (SR SA
REINFORCEMENT CRACK RELIEF JQOISTUREBART—ZJR"“&

10/27/2019

Reinforcement Matters

1. Structural Reinforcement

Continuous high I
tensile, pre-coated high "
temp. with elastomeric o

polymer, fiberglass is
to asphalt as steel rebar
is to concrete

Fiberglass has a modulus advantage over the
asphalt and is not water/temperature sensitive

REINFORCEMENT MATTERS!

Maximum Load Distribution

No Reinforcement Reinforced with GlasGrid TF

|
Run Time
Oh 51m

Over 6.5 Times Longer

Load distribution is one of the primary functions of a pavement

Conventional Pavement Load Distribution Curves

Surface surface Ml Surface

i Base RS | FELU A GOt ol §- My o5 Base

Sbhese Subbase Subbase

Maximum Load Distribution

Equivalent LOAD Design with Reinforcement

Load distribution is one of the primary functions of a pavement

More Cost Effective and Higher Performing HMA Pavements

Most Efficient Pavement Load Distribution Curves

New or Reconstruct

Rehabilitation

Load

GlasGrid

AASHTO Design to Increase Load Capacity
Reinforced Thicker Equivalent

. Option Option
| |

2" HMAWICourse
GlasGrid Reinforcing Rebar

\\\\\\\\\ Levelling Course & %\\\\\\\\\

REINFORCEMENT

1. HMA section must be critical layer
2. Must be placed in the tension zone of
the pavement
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Slowing Crack Deterioration

Slowing Crack Deterioration

et

2. Crack Relief

CRACK RELIEF

High tensile rebar-type reinforcing
+

Low tensile HMA =
Crack Resistant Pavements

Texas Transportation Institute Overlay Tester

Typical Sample

Pavements Ability to Resist Cracks

ALL Pavements (New, Overlay or Patch Repairs) Should Include reinforcement

o
o

Texas Transportation Insti

REINFORCEMENT

PM=Paving Mat, CG=Composite Grid

Slowing Impact of Moisture

s 5.0 Independent Testing

E to determine interlayer capabi

w 4.0 to delay reflective cracks

2

";u 3.0

o x

E 20 e &

= - =

3 1.0 Al E

i 91 B

o £
0.0 =

Tensile (kN/m| 50 50 50 25 50 6.25 30 50 1 Min No
%Elongation | <5 <5 <5 <5 | |<5 <5 <5 [>12 >50 o (WG

Type PM CG CG PM| [cG PM cCG Fabrc Fioors Al
Elastc i i "
P;;:e“fgsming High Temp..Coated Glass Uncoated Glass |Polyest PolyPro; Mix Add

3. Moisture
Barrier

Preserve the traffic bearing
capacity of a dry Foundation:

Moisture barrier protects base from top
down moisture intrusion into the base

MOISTURE BARRIER

Water in Foundation Deterioration

Deteriorating Impact of Moisture Intrusion

100 —

50% Loss {

Useful Life,
Compared With
Perfectly Drained
Pavements-% 4q -

S = Severity Factor

0 —

70

a
37 Days/Year % OF Time Structural Section 1s

Filled With Water

Graphic B The Cedergren study shows

littie a5 10% of the time (37 days i

3. Water intrusion| -
|

2. Stress Cracks
Reflective
« Fatigue
Thermal

Deterioratin Effect

1.Traffic Loading

4. Aged/Weathered

5.Thermal Movement

- -
S

PAVEMENT
SECTION

Base

Subgrade



Mitigate Moisture Intrusion
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Sustainability

Interlayer Creates Moisture Barrier

Seals Cracks To Keep Water Out of Base
Preserves Load Bearing Capacity

HMA-WMA Overlay

Asphalt Saturated Paving Reinforcament

Existing Crached Pavement

Delays Reflective Cracki Surface Water
EFm’!?;ai:s Sul!l':cl‘l\l“‘ﬂler nfiltration Infiltration Into Base

how an interizyer creates a moisture barrier to stop top down

Plus »‘

Sustainable
practices ‘

Must be completely Millable PLUS
must be Recyclable back into a
new HMA up to 30% with no
detriment to that mix

Ability to Mill, Recycle + Add to New HMA

Rebar Type Reinforcement for HMA

New HMA with up to 30% RAP containing milled GlasPave

will pass AASHTO testing T283-07 for rutting and moisture

susceptibility + T322-07 low temp cracking
S G0 2

&

Figure 2 Control RAP mixture (left) and RAP
mixture containing GlasPave (right).

NationalCenterfor  The Effect of GlasPave™ in RAP on Asphalt
Asphalt Technology A
Mixture Performance

RESEARCH SYNOPSIS-NCAT REPORT

Key Points

Design and Construct HMA Pavements that:
1. have 2X load capacity (ESALSs)
2. delayed crack return 3, 6 or 9X longer
3. preserved base structure by keeping top
down water out of the base

Plus be completely millable and recyclable

High temperature pre-coated, high tensile,
continuous fiberglass rebar type
reinforcement in HMA can!

How Flexible Pavements Fail
Source: MODOT youtube site

»l o) 0:00/208

Independent Verification & Project

Examples




oated Fiberglass Paving Grid Tensar
Loretta Heights, CO Installed 2006
2" HMA overlay on heavily alligator cracked HMA

<BEFORE 2006 Vs AFTER 2017->
2017 Yr. 11 - Minor Crack

oated Fiberglass Paving Grid Tensar

LAKE Oswego, 2” HMA over Milled HMA

<BEFORE 2007 Vs AFTER 2015
® 2017 Yr. 10 - Minor Crack =

e

Coated Fiberglass Paving Grid

Project Name:
Rehabilation of Alewa Drive, Unit 49

Pavement Condition Assessment (After 12 Yea I‘S)

In 2007, the City and County of Honolulu rehabilitated the streets
on Alewa Drive, Unit 49. Various rehabilitation strategies were
installed based on the condition of the streets.

After 12 years of trafficking, the following pictures compare the
performance of the reinforced asphalt sections underlain by
Tensar GlasGrid compared to asphalt sections without GlasGrid.
The asphalt reinforced with GlasGrid is currently providing a
superior performance (i.e. less cracks on the surface and
improved International Roughness Index) compared to asphalt
sections without GlasGrid.

10/27/2019

oated Fiberglass Paving Grid Tensar

Santa Cruz, CA Installed 2004 2" HMA over PCC
<No mat Vs Paving Mat >

oated Fiberglass Paving Grid Tensar.
Lake Oswego, OR 2” HMA over Milled HMA

Same contractor, same mix, but No reinforcing

Fosburg Rd, Collector, After7Yrs.

Alewa Dr, Honolulu, HI
I:l COLD PLANE 27, 2* ACP CITY MIX §4
[:l COLD PLANE 37, 2° ACP CITY MIX f4,

1" LEVELING COURSE

D COLD PLANE 3°/ 27" ACP CITY MIX #4,
GLASGRID, 1" LEVELING COURSE
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Alewa Dr, Honoluluy, HI
COLD PLANE 27, 2" ACP CITY MIX f4

Alewa Dr, Honoluly, HI
]
| COLD PLANE 37/ 2" ACP CITY MIX #4,

oated Fiberglass Paving Grid Tensar Performance Validation W

Pyramid, Sparks NV 4 lane, Heavy truck traffic, 3” HMA
GlasGrid 8501 Installed 2003 S/B curb lane only

INDEPENDENT VALIDATION

2016 Yr. 13 Still NO CRACKS in S/B Curb Lane

GlasGrid Performance Validation Performance Validation
Influence of GlasGrid® on 2018 Unreinforced Section: Cracking first observed in 2006.
Asphalt Pavement Performance. Mainline fatigue cracks in addition to cold joint crack.
NCAT Ongoing full scale ‘
research

2018 Update: 18 years and
60 million ESAL’s of

accelerated traffic
loading

National Center for
Q Asphalt Technology

A AUBURN UNIVERSETY Performance Update 2018




Performance Validationw

GlasGrid Reinforced Section
after 60 Mil ESALs and 18 Yrs.
2018 Still no cracks in mainline only at cold joint

Performance Validation

APT

65 kN 70 kN
~ 100
z 80 —a&— Sector C
2 —&— Sector D (without grid)
o
k]
°
[ =4
2
b

h

0 400000 800000 1200000
Number of loads
Figure 10. Extent of cracking, in percent, on the 2 sections

Fatigue Cracking Section C With GlasGrid 8511
Vs
Section D with NO GlasGrid

Performance Validation
In-Place Plate Load Validation Testing

Figure 2 : Large Vehicle with 18Kip Axle Loads to Perform the Plate Load fest

10/27/2019

Performance Validation
APT

Full Scale in-place testing
The improvement factor is typically in the range of 2-5, and represents the reinforcing
benefit of the interlayer. This factor can be used in Mechanistic Empirical design, and
applied to the result of the transfer function.

Performance Validation Tensar.
AP 3

a) b)
Figure 11. a) Structure C at the end of the test ; b) Structure D at the end of the test

Fatigue Cracks at 0% with GlasGrid 8511 vs 70% Without

Performance Validation

In-Place Plate Load Validation Testing

o018

0014 /
0012
i oo | ! / | ./
i 0008 / —GG T
/ ——control
o008 I / 2t
o //
a
This test with this pavement structure the GlasGrid TF reinforced slabs have a structural
contribution that is 2 times stronger than that of the control slab. This structural improvement

can be applied to the AASHTO SN equation to determine what the contribution of the GlasGrid
TF is to the layer coefficient.

stress [psi]
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PROVEN ReBar Type HMA Reinforcement

Performance Validation

In-Place Validation Testing I - o oo e

B

25kN/140LD 50kN/280Lb 100kN/SE0Lb. 100KkN/S60Lb.
<5% <5% <3% <3%

Proper High Temperature Coated, High
Tensile, Low Elongating, Continuous
Rebar type Reinforcement will:

= Reinforce to add LOAD Capacity
= Delay cracks and their severity
= Waterproof to preserve base

4 Point Strain Controlled Beam Test

Stiffness

GlasGrid TF Structural contribution 2 times stronger than the control

Take Away:

Cost by HMA Reinforcement Type With Increased ESAL capacity, Delayed
Cracks and a Dry Foundation we can:

B G o cissPave 25 GlasPave 50 PG orglastrid 100

1. More rapidly improve network PCI
- ﬁ 2. Reduce maintenance cost and intervals
25kN/140LD 50kN/280Lb 100kN/SE0LD. 100kN/560LD. 3l Less downtime' work zones, Iiability
El < 5% <5% <3% <3%
Crack Delay 3x ox ox ox 4. Better Ride, Better looks, longer
Equiv HMA In. 1+0.5" 1+1” 2"+ 2"+ . .
Waterproof YES YES _ _ Let us Help You Design & Build More

Maintenance free Pavement Structures
that Last Longer and Cost Less

Design Services:

2. End of Service life ESAL: Existing Section
85.00 Reliability
‘ HMA Pavement ESAL Increase Worksheet ‘ zr 7-1.037 Std. Normal deviate
Project Title: Date: So . 0.45  Overall Std. deviation
APSI 0.01 __ Design serviceability loss

Project Location:

- CBR

- H M s | Sample of

e [ H0 ] Senveesbity Inputs for

¢ é - u H
L. thick (in. i i SN _I

= o —ek(n) o —n st AASHTO

soe AC2 0 0.22 0.00 -
o AC3 0 0.22 0.00 93 DeS|gn
o e womsaTon TS ABGC " R 1 e

o v o ABC o ot 1 00

el —— o SBC 0 0.06 1 0.00

ﬁ[%;) . o P o [o]

= SR e [ agorIEsALs | T=| 476]

[ Sendto Tensar _DennisRogers _Phone 7601668 34306




REHAB: Unreinforced HMA

Mill Thickness 5.5

Layer Thickness Inch ai mi SN

New HMA 5.5 0.44) 2.42

ABC 10.5 011 1 1.10]

Total 16 3.52
614,698 |ESAL TI=| 8.49

REHAB 1: HMA, GlasGrid HMA REINFORCEMENT+HMA

Mill Thickness 5.5
Layer Thickness Inch ai mi SN
HMA+GGTF 4 0.66) 2.64]
LvLup HMA 15 0.44) 0.66
ABC 10.5 011) 1 1.16)
Total 16 4.46
2,901,926 | ESAL Ti=| 10.22 ﬂ
REHAB 2: New HMA+ #HMA
Milling Thickness 6.6
Layer Inch ai mi SN
HMA+GP50 4 0.57, 2.28]
HMA 2.6 0.44) 1.13
Existing HMA 0 0.22) 0
ABC 95 |0.105 1 1.00
Total 16

2,908,550[ESALS

4.46|
Ti=] 10.22]

Sample
AASHTO
Design:

Sample Design Results:

10/27/2019

Tensar.

Performance Comparison

Existing |GGTF Reinforced| GP Reinforced | Unreinforced
Structural Number 214 4.40 4.40 4.41
ESAL's 4,697 2,901,926 2,908,550 2,938,770
Tl 4.76 10.22 10.22 10.23

Factor vs No (Traffic Benefit Ratio): 47 2.5 =

Added inches of HMA needed to Achieve Same Performance: 2.7 0.0 27
Added Crack Delay compared to no Reinforcement 9X 6X Min.
Waterproof membrane to keep base dry NO Waterproof NO
RAP containing GG/GP can be added back into a new mix up to 30% YES YES
Installed Cost of added Paving Reinforcement (per SY): $15.00 $12.00 =
Cost of HVIA Installed (per SY): $45.82 $54.64 $67.89
Total Cost Installed (SY) $60.82 $66.64 $67.89
Percent Cost Savings vs Equivalent Asphalt -12% -2%

QUESTIONS?
Thank You

Jordan Rabin

Engineering Rep for Pacific North - ID, OR, WA

Jrabin@Tensarcorp.com

206-518-2318

Tensar.

GlasGrid TF Installation

INSTALLATION

Placing HMA Reinforcement

GlasGrid GlasPave Installation

10



25 Installation Tensar.
% )

3

PatchGlas 100/

<« PREP: Mill, Prime,
Level-Up

Unroll and remove
release film v

PatchGlas 100/25 Installation Tensar

ARubber tire roll in-place |
to assure adhesion »

PatchGlas 100/25 Installation

10/27/2019
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Recycled Asphalt Pavement
used in Pavement
Maintenance

Doug Olsen
Idaho/Peak/Western

Rod Thompson
Tooele County

What We Know

O Asphalt has always been
Recyclable

O Valuable material in Hot
Mix Asphalt

O Used when and where
feasible

RAP -typical usages — non HMA

O RAP Base

O Shoulder Backing

O CIR

O Road Bed Stabilzation
O Hot in place recycle
O On site Cold Mix

RAP History
Pavement Maintenance

Pavement Maintenance
Products

Chip Seals

Pavement Maintenance
Products

Slurry Seal and Micro Surfacing




®  Not all HMA
aggregates are
good for PM

®  History on Binder
would be good
homework

Common Pavement
Maintenance Aggregate Testing

O LA Abrasion

O Sodium
Soundness

O Specific Gravity
O SE

O Fines Durability
O Gradation

O Absorption

Mixing RAP aggregates

O Residue AC affects mix
design
O Need emulsion

O % of blend with virgin
Aggregates

RAP Chip and RAP Slurry Aggregates
Produced Simultaneously

RAP Slurry Material

Consistent Residual Asphalt

Slurry Dust
Very few conglomerations
Residual asphalt remains very consistent

RAP Slurry Seal

RAP Slurry Seal ISSA Type II
Component Amount Amount
Emulsion 10% - 14% 12% - 18%
Residual AC 12.5% Min. 7.5% - 13.5%
Minimum Minimum
12.5% Residual @ 7.5% Residual @
10% Emulsion 12% Emulsion




RAP Utilization example

Crushing
Utilization
B Chip Seal
48%
B Slurry Dust
40%
B 12% waste

RAP Chip Material

Residual Asphalt

® @ ¥ W

Chips
Single stones and conglomerations
Residual asphalt content will vary by sample

3/8" Chips

1 Some RAP crushing

<l operations can create

% excess dust, which will
contain asphalt residue

RAP Chips are lighter

Adjust for the lighter material
Typical

5/16 chip - 14 to 20 Ibs per SY
3/8 chip - 20 to 24 Ibs per SY

2 chip - 24 to 30 Ibs per SY

Tests on Emulsion Compatibility

v Penetration

v Ductility

v Elastic Recovery
v Stripping

v' Sweep Test - cohesion

RAP Management - Embedment

Multiple Sizes

AN NIWZE

Single Size




Spreading Emulsion

Determine proper application rate for
} surf I traffi liti ]

climatic conditions

RAP Chip Seal

RAP chip seals will
have lower
absorption rates

Slower Cohesion

Scrub Seals

Remember

Not all RAP is created equal

Do your homework

Utilize RAP management

RAP material will have lower Absorption Rates

RAP material is lighter than Virgin Aggregate

A o o S o A o R o

Step out slow - consider your climate




Using Reclaimed # %
Asphalt Pavement RAP

in Preventive
Maintenance

«+TOOELE
COUNTY

10/27/2019
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Abundance of RAP
Spurs New Uses in
Preservation Treatments

By £k Upeiyxs ane Denis Run

Chip Seal Cover Material Properties

* Stripping

* Polishing

» Soundness

* LA abrasion

* Fracture Faces

* Flakiness Index

Emulsion Classifications

SPEED AT WHICH EMULSIONS ARE SET RS
Engineered for optimal break and workabillty e

ipe—— “EE

1-80 UDOT Mill and PaveProject




In Conclusion
Why Use RAP
Chips

* Cost

* Availability

* Performance

* Environmental

* Aesthetics

10/27/2019

Using Reclaimed Asphalt .
Pavement RAP in Preventive @
Maintenance

%TOOELE

OUNTY
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Implementation and Calibration of
AASHTOWare Pavement ME
Design for Idaho

Fouad Bayomy
University of [daho

Univer:
A LEGACY oF LeA

ITD - Ul Projects to Implement
AASHTOWare Pavement ME Design

AASHTOWare ME 9 RP253
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RP193, 235, 253, 263, 268 Contributors

+ Ul Team (RP193, 253, 263, 235 and 268) + ARA

+ Fouad Bayomy (PI)

+ Emad Kassem (Co-Pl)

Ahmed Muftah (Post-Doc)

Sherif E-Badawy (Co-PI)

Ahmed Ibrahim (Co-Pl)

Christopher Williams (Statistics Consultant)
* Mumtahin Hasnat (Grad Student)

* Ahmed Awad (Grad Student)

« Robin Choudhry (Grad Student)

* Linda Pierce (External Reviewer)

+ WSU Team (RP253)

+ RP211(A,B)
« Workshops
+ Dec2012
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« ITD-TAC’s
+ Mike Santi
John Bilderback
John Arambarri
Dave Richards
Chad Clawson
Clint Hoops

Design Software Material Database 0
Implementation Phases ¢ for PCC )
2016 - 2017 " Rl;263 |
7 Unbound Materials
o RELS3 \ { Database
MEPDG Traffic S
.~ Material Database for 2017 - 2019
" Asphalt Pavements June 2019
b y RP235
- RODSE 0L y Calibration of
Asphalt Models G
RP211A,B 2015 - 2018 RP268
Roadmap and Initial June 2018 Calibration of PCC
User Guide for ME Y ¢ Models
Software " 2017-2019
2013 - 2014 " August 2019
(ARA, Inc.) @ ,
ITD_ME Material and Traffic Database
RP193 or the Mechanistic-Empiri ‘KPave;nem Design Guide [ME’PDG]Q

Implementation of the MEPDG for |
Flexible Pavements in Idaho |-

University of idaho

ation! st for Adance Tranpartaton Tecnolosy

Prepared for
daho Transportation Department

D Research Project RP153 - Uriversity ofdaho NIATT Project KLKSS7
P s

or. Fouad Bayomy
. Sherif E-Badawy.

Hot Mix Asphalt (HMA) ‘
ool

+ Somayeh Nassiri (Co-P)
+ Milena Rangelov (Grad Student)
Mark Wheeler
* BSU Team (RP263) Ned Parrish (Res. Mgr.)

+ Deb Mishra (Co-Pl) « FHWA
« Md Jibon (Grad Student)

James Poorbaugh

* Kyle Holman, ITD Office

‘€61 4 LNOJTH HONVASTY
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Research Section,
Transportation Planning Ovision
httpi/itdidaho gov/planninglresearch/ |

Unbound Materials &
Subgrade solls

october 2011 » e RSSO S e (USR] T | Gtk

Binder Characterization

E* for Idaho Superpave Mixes

Dynamic shear rheometer

e Levels 1 and 2: G*
and § at 10 rad/sec
(RTFO)

e Level 3: choose
binder grade

Ini

Department of Civil N,M’ l

Engineering A LEGACY OF LEADIN

E* Testing using AMPT Machine

GS Determination from Servopac
Gyratory Compactor data

Department of Civil Univ
Ercren NIATI AT




IDT and Creep Compliance

« IDT and Creep Compliance data is
necessary for the calibration of the
Thermal cracking model.

« Atotal of 18 mixes were tested for CC
and IDT. This was added as a
separate task during RP235

« Database was updated in 2017 to

include these results

Department of Civil NIATI Univers!:cyof Idaho

Engineering A LEGACY OF LEADI| 7

RP 211 A, B
Road Map and User Guide

http://itd.idaho.gov/alt-
programs/?target=research-
program @ o

Idaho AASHTOWare Pavement
ME Design User’s Guide,
Version 1.1

RP211A

Road Map for Implementing
The AASHTO Pavement ME Design
Software for the
Idaho Transportation Department

March 2014

v Modulus of elasticity & Compressive strength

+ASTM C39 ASTM C469
* 6 by 12-in cylinders, gypsum capped
* Loading rate: 35 psi/min
*7-, 14-, 28-, 90-day tests

10/27/2019

W Idaho WIM Sites

imeatan ©Shalby

1
’”
7 OKalipel Caees
Yriatheaa
National Forest

w
Great Fals
°

e [ Dser Lodgeo b
X §  /Angconda® Bume
=3 5 R
=30 € Beaverhead >
T ‘ﬁle:onanumil Bozeman
Y w

Unbound Materials &

Challis L
National Forest Subgrade Soils

' o i
minea avuly
Napfiso OBose Idaho A | 2, Traffic ‘ .‘
I Mwn(ll"o L}
Home g
Climate & GWT

R I Universityofldaho

}
B -

8

g,__aLagnh H A LEGACY OF LEADI|

RP 253
PCC Materials Database

http://itd.idaho.gov
[alt- (B
programs/?target=r R ey
esearch-program

Portland Cement Concrete Material
Characterization for Pavement ME
Design Implementation in Idaho

‘Ahmed Muftah, PhO, Postdoctors Fellow
Bikash Sigel, Masters Sudent
Unversty of aho
prepared for:
1gaho Transportation Department
Research Program, Contracting Services

ly 2017

Mechanical tests- split tensile & Modulus of rupture

*ASTM C496

*6 by 12-in cylinders

*Three cylinders from one
batch for each test day

*7-, 14-, 28-, 90-day tests

*ASTM C293
*6 x 6 x 20-in beams

*Three beams from one batch
for each test day

*7-, 14-, 28-, 90-day tests
— — -




nt of thermal expans rying shrinkage

* AASHTO T 336-15 « ASTM C157

* Two 4 by 8-in cylinders * 2x2x 12-in prisms

+ Length change to uniform temp ~ * Length change due
cycling (condition at 50°F, raise to  to drying shrinkage
122°F, cool down to 50°F, repeat . \Moist cure until 28

« FHWA Calibration specimen days then air cure

tested - Length
measurements
4,7,14, 28 days &
8, 16, 32 and 64
weeks of air curing
ITD_ME Database V2.3
https://www.webpages.uidaho.edu/bayomy/ITD _ME-Database.htm
1 ITD Database for the AASHTOWare Pavement ME Design (PMED)
2 ITD Research Projects RP193 - RP235 - RP253
) Database Version 2.30, Updated May 2019
. SR e ettt
s 5 sex (@) o
k3 i of projects. For info,  Click here
. Factors Using ME
z Softwarevzs3 _ Clikhere

Department of Civil
Engineering

Universityofldaho

A LEGACY OF LEADI|

5
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PCC Material Database
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Mg TEST
MEPDG Model
Material ID K K K R
A 935207 | o711 | vors | o
) 07731 | o685 | 0073 | osen
100 w9221 | 0717 | 0081 | 099
B 181 61289 | 0621 | 0453 | 0993
B2 1307016 | 0666 | 0151 | 0998
[ 74820 | 0643 | 0006 | 0997
[ 81909 | 0755 | 0.0% | 0994
et | 821516 | 0687 | 0016 | 0995
- 99295 | o6t | 0282 | 0ara
T 973164 | 048 | 0oas | 097
) aos02 | 0675 | 001> | osms
[T} 91597 | 0706 | 0087 | 0997
e 6389 | 0432 | 0916 | 0980
Vy-63 832.396 0664 0.208 0988
wew #6433 | 0566 | 0012 | 0399
v | 1067651 | 0673 | 0157 | 0995
Gowiss | sseses | 01s2 | 1244 | oser
o | 1008901 | 0657 | 014z | 0997
MEPDG Model parameters for constitutive
models for base/subbase materials
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M TEST

carome omc Ta07ome
i A S S B B S P L P P P
i | 78 | 067 261 088 [ 7605 | 0.76 [ 072 077 | - | - | - | -
Diov | 10014 | 084 272 | 0s1 | 7448|089 247 089 2635 | 081 | 007|078
Tosowr | - ~ [ [sssaoss| 225 om0 - -
Trs | 5559 | 057 | 2.6 06 | 3772 0ss | 268 076

D3sM | 6089 | 00 | -0.57 | 059 | s63.6 | 0.21 |60 079 | - | - | - | -
03sC_| 5875 | 026 | 182 | 090 | 541.9| 08 | -175 | 0:89 | 1204 | 025 | 0.2 | 030
o180 | 13005 | 030 | 193 | 095 | 7672 052 | 5 00| - | - | - | -
N80 11820 | 069 1.7 | 095 | 4869|055 | 0.53 | 084 7836 | 026 | 2.7 | 09
Biisoc [ 4102 [ 023 235|092 [397.6] 026 [ 194 085

w83 [3ma1] 022 203 |08/ 3831 05| 09 074
Tostosa | - | - - | - |02 oo |15 o | - | - | - | -
17esL0055 | 3274 | 017 | 158 | 094 | 2236] 025 | 278 | 094 | 1901 | 019 | 3.7 | 051
179510057 | 2739 | 025 | 125 | 089 | 1752 024 | 27 osa| - | - | - | -
Tosiovss | ~ T Teorilomsismiom

MEPDG Model parameters for subgrade soil materials

Calibration
RP235 and RP268

* RP235 — Local Calibration of Flexible Pavement
Models for ME software v2.3.1

* RP268 — Local Calibration of PCC Pavement Models,
and Re-Calibration of Flexible models for ME
software v2.5.3

Calibration

Selected Section for Flexible and JCPC Pavements

Guide lor the
Local Calibration of the
Mechanistic-Empirical
Pavement Design Guide

Road Map for implementing

Universityorldaho ,

A LEGACY OF LEADING

Selected Flexible Pavement
Sections (34)

Selected Rigid Pavement
Sections (39)
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o

Las Vegas

Universityofldaho

A LEGACY OF LEADIN

Selected Projects for Flexible Pavements

Selected Projects for Rigid Pavements

80% of the selected projects were used for calibration

Construction

ITD District# Route BegMP  EndMP

Year
2008 uses 4035 408.75
2004 Us95 411.84 415,83

D1 2002 Us95. 4155 4213
2006 SH3 76.822 84.201
2013 uses 4711 486.36
2008 SH006 100 1045
2004 SHO08 0 176 20% of the selected projects were set aside for
2003, Us-95 344 34457 validation
2007 us9s 319.88 337.67
2008 SH003 5.00 85 § Construction

D2 2011 SHO13. 11.257 18711 Dl Year LI C3P  EED
2010 SHo13 1868 25.378
oo T ) Eon) D1 2013 SH3 10315 11138
2010 Uses 64.04 67.14 D2 2003 Us9s 36659 37303
2011 Us 95 o 167 b3 2012 SH55 1139 1159
o we o - bs 2010 sH78 201 367
2010 sH78 o 15 D5 2011 SH55 632 66.1
2011 sHS51 60 769
2011 sHel a1 546 D6 1985 U.5-20 319.6 331

s 2011 sH78 60 76
2012 SHS55 131 18
2012 Us20/26 ) 158
2012 Uses 4758 60.87
2012 SH16 [ 13302
2013 sH52 144 3042

D4 2000 SHT7 185 23

D5 2014 Us30 3286 3307

D8 2012 Us20 3286 3357

Universityorldaho

A LEGACY OF LEADING
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80% of the selected projects were used for calibration

Construction

ITD District# e Routs. BagMP EndMP
D1 1991 90 585 6225
1924 Us95 0.06 011
2 2011 SHo08 277 327
1976 Us95 251075 261588
2004 us-12 2197 262
1981 184 2635 283
2011 184 36 387
2009 184 413 438
2004 184 49.15 4973
1996 184 49.73 50.21
b3 1972 184 588 59
2001 184 701 823
1996 184 %0 046
1983 184 94.3 1035
1994 184 1035 1091
1905 184 1145 1212
D4 1979 84 12066 127.945
1972 15 3087 36.207
1960 186 14.808 25.98
os 1085 uso1 80.15 8102
1086 uso1 78.81 79.66

20% of the selected projects were set aside for

validation

Number m";‘::"”" Routs  BegMP  EndMP
1 1986 186 247
2 1985 1215 285 -
a 2004 Us12 2197 262
4 1083 184 126 1761
5 1995 184 1001 1145
6 1986 US-395 261 -
7 1079 184 12066 127.95

Universityofldaho

A LEGACY OF LEADIN




ITD ME-Performance Database

Source: TAMS and Video Logs (PathView Software)

Department of Civil NIATI Universl}:yof Idaho -
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Field and Forensic Investigations
Example: SH-8 (Moscow)

ITD ME-Performance Database (Flexible Pavements)

Department of Civil NIATI Universl}:yof Idaho

Engineering A LEGACY OF LEADI|
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Field and Forensic Investigations

Example: SH-8 (Moscow)

Universityofldaho

A LEGACY OF LEADING

ITD ME-Performance Database (Flexible Pavements)

. Calibration of i

Flexible Pavements Performance Database, v1.1

Click on your
District for

information

Department of Civil NIATI Universityof Idaho

Engineering A LEGACY OF LEADING

ITD ME-Performance Database (PCC Pavements)

" Calibration of the AASHTOWare Pavement ME Design Performance Modes or igi Pavan
PCC Pavements Performance Database, v1.1

ITD Research Project RP268 - University of Idaho NIATT Project KLKS85

Depafment of Civil NIATI Universityof Idaho

Engineering A LEGACY OF LEADING
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ITD ME-Performance Database (PCC Pavements)

Davict1_projet 1

Prject section: 190, Mol to Montana 5L
Ml post 383 10 223

ey 25678 12293

Data Analysis and
Development of Local
Calibration Factors

P —— e 10
S ——n s
o L B L B

Calibration of Performance Models — Flexible Pavements Ruttlng Model Calibration

RUTTING MODELS
£ o k ko k .
Bpumm= :E:::: % hyma = Brrk 108 rnbzrfurrhad x hyy, AP(HMA)* Blrkzsr(HMA)lo 1r plarPar Thsrs: h(HMA)
v
Ap(snu)

e

Ap(sail)= Bsiks1&hsout (8 ) e \n
-

£o

= lekslsvhsnil<£_)e
FATIGUE CRACKING MODEL T
Cs

1+ e(C1€i+C2C3Log(PIptam 100}

1
FChottom = o/t

FCrop = 10.56 (

€ )
1+ elC1-C2ioa(Pizgp)

THERMAL CRACKING MODEL

TC= puNfELog (o))

Buma
INTERNATIONAL ROUGHNESS INDEX (IRI) MODEL

IRI = IRI, + C;(RD) + C,(FCrga)) + C5(TC) + C4(SF)

Department of Civi NIATT Universityofldaho | Department of Civi NIATI Universityofldaho |
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Rutting Model Calibration Example of bata Analysis Rutting Models Calibration - PMED v2.5.3
q A Standard
Trials Bir Bis(coarse)  Bisiing)  Bias, err ‘£ 1 %c " P-value
NCEEEa] =T = = — — © AR 08 A Total Rutting before Calibration o§ Total Rutting after Calibration — Line of Equality
Trial #1 1.50 1.00 1.00 6.5 0210 1.56-07 : :
Trial #2 1.25 1.00 1.00 447 0191 5.62E-07 z
Trial #3 1.00 1.00 1.00 .21 0172 1.13E-08 H “f
Trial #4 075 1.00 1.00 0.9 0.165 4.5E-06 H
Trial #5 0.50 1.00 1.00 021 0.156 7.1E-06 & N am
Trial #6 025 1.00 1.00 14 012 4.84E-05 3 . A M
Trial #7 1.25 125 1.00 571 0214 1147E-07 2 a
Trial #8 075 075 1.00 -0.83 0.158 21E-04 £ =
Trial #0 0.50 0.50 1.00 0.1 0.134 4.9E-3
. o 01 02 03 04 05 06 07 08 o 01 02 03 04 05 06 07 08
Pﬂll i:? 2;: ?5: 112)(; 37»: g;}: ﬁﬁg-gg Measured Rutting (in) Measured Rutting (in)
Tia i i i 72 . . 48E-
Trial #12 075 075 075 051 0.146 8.4E-04
Trial #13 0.50 0.50 0.50 1.48 0128 7.87E-03
Trial #14 025 075 075 0.007 0114 0.03 Calibration P-value
Trial #15 025 0.50 0.50 34 0.105 1.53E-02 A
Trial #16 030 1.00 1.00 0.02 0121 8.36E-03
Trial #17 0.30 075 1.00 0,009 0.116 0.08
Tra 818 030 100 078 0008 ot o1 Global |04 | 052 | 136 | 200 | 100 | 123 | -0059 | 015 | 274607
"'T",al':;: %33 %g: 0677346 0_3"3:52 %11?23 3'2347 local |03 | 052 | 136 | 086 | 073 | 123 | 00002 | 01 0.49
ia . . . X . :
Department of Civil NIATI Universityofldaho
Engineering A LEGACY OF LEADING 35
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Rutting Models Validation - PMED v2.5.3

@® Total Rutting after Validation ~ ——Line of Equality

Predicted Rutting (in)

0 01 02 03 04 05 06 07 08
Measured Rutting (in)

Standard Error, P-value
Bias, € mean)
s, (Paired t-test)
28 033

0.0065 0.074

Fatigue Models Calibration

Ny_nma = kp1(C€)(Cy) B 1 () r2P 12 (E gy 0)rsrs

(1 Gy
FChottom = (ﬁ) (1 + e(c1c1+c:csLogw:mﬂmmu)))

Cy
FCTop = 10.56 (1 i e(c,—chﬂg(mTop)))

Department of Civil NIATI Universityof Idaho -
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Alligator Cracking Models Calibration

©  Alligator Cracking after Calibration  —— Line of Equality

4 Alligator Cracking before Calibration  ——Line of Equality

°
o

Predicted Aligator Cracking, ,
o N By ®
Predicted Aligator Cracing, ,
o N Bpg ®

e ) @o o o

° 5 10
Measured Aligator Cracking (%)

B 10
Measured Aligator Cracking (%)

P-value
Calibration Cpih,>12 | Gy Sin. <= Standard
C: h,<5 in. BIas, €mean) (Paired t-
Factors i |h,<=12in, Error, S,
test)
Global 131 | 21585 | 3.9666 1 70 0.45 120 0.001
Local [ 031 [ 1.1585 [ 3.9666 [ 02 [ 70 [ -0.19 [ 107 [ 0.18 [

Alligator Cracking Models Validation

@ Alllgator Cracking after Valldation ~ ——Line of Equallty

12
&
wo
Zs
<
H 6
24 ‘
g 20, ° °
K
£o0

o 2 4 -3 8 10 12
MeasuredAllgator Cracking (%)

Bi tandardErrors,
ias, e, [Standai rror,
s °| (Paired ttest)
19 036 310 031

Longitudinal Cracking Models Calibration

A Longitudinal Cracking before Calibration —— Line of Equality © Longitudinal Cracking after Calibration  ——Line of Equality

@ 3000 £ 3000
g =

§ 2500 S !2500
& 22000 'g" —E 2000
§E K}

Jguse H Z1500
£ 1000 .E 1000
& sy & s00

[ "™ a a 0 - ° Lo
o 10 2000 3000 o 1000 000 3000
Measured Long. Cracking (ft/mile) Measured Long. Cracking (ft/mile)

P-value
(Paired t-
test)

Standard
Error, S,

Calibration Factors Bias, €/(mean)

Global 7.0 3.50 71 1324 471.7 0.008
Local [ 33 [ 1.0 [ 71 [ 23 [ 450 [ 0.48 [

Longitudinal Cracking Models Validation

@ Longitudinal Cracking after Validation —Line of Equality

NN W

Predicted Long. Cracking (ft/mile)
- 888888

°

500 1000 1500 2000 2500 3000
Measured Long. Cracking (ft/mile)

P-value
Bias, €peany [Standard Error, S,
(Paired t-test)
18 17 518 05
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Thermal Cracking Model

TC = N[lL (C" )]
= Bu oq og Humn

Department of Civil NIATI UniversitYOf Idaho -

Transverse (Thermal) Cracking Model
Calibration

E
H
8

Predicted Thermal Cracking
(ft/mile)
oo
Predicted Thermal Cracking
g 8
g 8

(ft/mile)
g8
o

°

oA aa @ o
o 500 1000 1500 2000 2500 500 1000

500 2000 2500
Measured Thermal Cracking (ft/mile) Measured Thermal Cracking (ft/mile)

o

Engineering A LEGACY OF LEADI|

Calibration K (Mean Annual Air Temperature (MAAT) <= 57| Povalue
Bias, €yr) | Standard Error, S,
Factors degF) (Paired t-test)
Global [3*107*MAAT#®315]*1 + 0 35 | 17435 746.201 003
R e .|

Transverse (Thermal) Cracking Model
Validation

The transverse cracking model at level 2 was not validated in this
study due to lack of projects with level 2 low temperature cracking
data.

IRI Model Calibration

IRI = IRI, + C;(RD) + C3(FCrowar) + C3(TC) + C4(SF)

Data collected form TAMS Database

Department of Civil NIATI Universityofldaho .
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International Roughness Index Model
(IRI) Calibration

A IRibefore Calibration  ——Line of Equality © IRIafter Calibration  —Line of Equality

250 250
5 200 5200
E. 150 5.150
£ £
z 100 N z 100 °
25 % L)
3 3
g o g o
& &

0 50 100 150 200 250 0 50 100 150 200 250
(in./mile) (in./mile)

Calibration| Standard P-value

C
Factors Error, S, | (Paired t-test)

Global 40 040 0008 | 0015 | 94 | 103 | 195 21008
[ ol | 80 [ o0 | ooos | o002 | o4 | a2 | s | oz

International Roughness Index Model
(IRI) Validation

@ IRiafter Validation ~ ——Line of Equality

Predicted IRI (in./mile)

Measured IR (in./mile)

P-value
Bias, €pmean | Standard Error, S,
(Paired t-test)
23 28 287 032
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Summary of Flexible Pavement Calibration Factors Calibration of Performance Models— PCC Pavements
PMED_V2-5-3 JOINT FAULTING MODEL

m
Fault, = » AFault,
Global Factors (as per ™ Z '
Performance Model | Calibration Parameters cal Factors for Idaho =1
PMED V2.5.3) AFault;= (F3 + F4 - FRY5) . (FaultMazx,_, — Fault,_,)*DE,
By 0.4 03 1
ACRutting B 0.52 0.52 FaultMax; = FaultMax, + F7 Z DEy -log(1 + F5- s“""’j”
By 136 136 b= -

’
; Pagy - WetD
28 1.00 0.86 FaultMaxy = (F1+ FZ - FRY)8 cyring [lng (14 F5. 56000 g g (200" WEEDAYS
Bie 1.00 0736 Ps
Longitudinal Cracking G 7 33
(Top-Down Cracking) C, 35 0.825 TRANSVERSE GRACKING MODEL
& 131 031
Gihye<5in. TCRACK = (CRK, —up + CRK — CRK, —up - CRK o -100
Alligator Cracking 21585 1.1585 ( Rottom—up Top-down bottom—up Top. dlmm)
(Bottom-Up Cracking) Cyihye>121n. 3.9666 3.9666 MR\
: 1000wty 10001 (2F)
CyiSin<=h, <=12in.  (0.867+0.2583 *h,)*1  (0.867 +0.2583 *h,) *0.2 Crack = = g
1+ C4-FD® Nevotioz \&
Wk (BRIl K (MAAT<=57 deg F)  [3 *107*MAAT*0319]*1 + 0 [2.591 *107*MAAT*%19]*1 + 0 1+C4- (ﬁ)
atlowable
G &g 80 INTERNATIONAL ROUGHNESS INDEX (IRI) MODEL
[ 0.4 06
G 01003; 0.008 IRI = IRl + J1: Crack + J2 - Spall + J3 - Fault + |4 - SiteFactor
T, 0015 0.02
Department of Civil ATl Univers tyo Idaho
Engineering N' A LEGACY OF LEADING f 50

JPCP Mean Transverse Joint Faulting Model — JPCP Mean Transverse Joint Faulting Model —
Calibration Validation
@ Joint Faulting after Validation =~ ——Line of Equality
A Joint Faulting before Calibration — Line of Equality © Joint Faulting after Calibration —Line of Equality
_06 06 _
=05 A %
A £
5044 g o ]
o34 £o. H
Soak 44 s 5o H
K - H 3
e o 0.2 0.4 0.6 e 0.6 e
Measured Joint Faulting (in)
Global Bias, |Standar | p-value Local Bias, |Standard 0.00 010 020 030 040 050 0.60
Calibral | dErro, | (Paired Calibral b
n Factors k) s, - Factors €r(mean) | EFTON, Measured Joint Faulting (in)

F 0.595 F 0516

[ 1636 [ 1636

£ 000217 £ 000217 Standard Bualue

F4 000438 1.0 0725 01 0285 F4 0.00 178 0002 0.093  0.499 i (Paired t-

F5 250 F5 250 Error. S

6 0.47 6 0.47 06 test)

2] 73 2] 73

o 8 400 33 -0.214 0.078 0.32

JPCP Transverse Slab Cracking Model — pcC IRI Model — Calibration

A Transverse Cracking beofre Calibration © Transverse Cracking after Calibration 3004 IR! before Callbration  —Line of Equality 300 @ 'Riafter Calibration —Line of Equality
— Line of Equality " — Line of Equality 3 250 A 'S 250
f3 10 g4 o £ 200 £ 200
23 80 £ 23 80 £ £
EE w0 E= g z 150 py g 150
3% awh 'gg 40 T 100 T 100
£3% 20 48 £ 20 ] g
3 s 3 S50 T 50
28 o malima £S o ] H
a e a a
o 20 40 60 80 100 o 40 60 80 100 o o
Measured Transverse Cracking (% slabs) Measured Transverse Cracking (% slabs) ° so 100 15(?“ y milﬁ‘}"’ 25 300 ° so 100 15:’"‘ /mifg‘)" 25 300

P-value P-value
Calibration| . Standard | Calibration Standard
IBIas, €,(mean (Paired t- Bias, €(mean) (Paired t-
Factors Error, S, Factors Error, S,
test) test)
Global 2 122 0.52 217 196 -767.6 189 0.002 Global 0.8203 0.4417 1.4929 2524 213 1233.6 311 0.003
(ot | 2366 | 122 | os2 | 2w | 16 [ o002 [ 7 [ oase | | ol | oses | oaarr | 1ame | ms2a | a3 | w3 | 253 | os |




PCC IRI Model — Validation

© IRlafter Validation  ——Line of Equality

Predicted IRI (in/mile)
"
g
&

so@e

0.0 50.0 100.0 150.0 200.0 250.0 300.0
Measured IRI (in/mile)
P-value
Bias, €nean) | Standard Error, S,
A=) | (Paired t-test)
59 1155 21.04 049

o
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Summary of Rigid JPCP Pavement Calibration Factors
PMED_v2.5.3

Performance Calibration Global Factors Idaho Local
Model P; eters (PMEDV2.5.3) Calibration Factors
F1

0.595 0.516

F2 1.636 1.636

F3 0.00217 0.00217

: Fa 0.00444 0.00444
FaUItlng F5 250 250
F6 0.47 0.47
F7 73 73
F8 400 400

c1 2 2.366
Transverse o2 120 122
Cracking ca 0.52 0.52
Cc5 -2.17 -2.17

J1 0.8203 0.845

J2 0.4417 0.4417

3 1.4929 1.4929

J4 25.24 28.24
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