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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

59th Annual Idaho Asphalt Conference
October 23 -24 2019

Overview of Presentation

1. Background to TTI and TxDOT
2. Types of Non-Destructive Testing tools
3. Demonstration of PaveCheck Software
4. Use of NDT in FDR Projects
5. Use of NDT in Pavement Forensic Investigations
6. Use of NDT in Corridor Studies
7. Future Directions

Texas Transportation Institute
1) Part of the College of Engineering at 

Texas A&M University 

2) 60+ Years of research on  
Transportation Systems 

3) Largest University-Affiliated 
Transportation Research 
Organizations in the USA

4) Major Source of Educated 
Transportation Professionals

5) Partners Extensively with TxDOT, 
other Public & Private Organizations

6) New Lab 2018 new TTI Building 2019

1. Background to TTI and TxDOT

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

TxDOT specs

• Manages close to 200,000 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) Footer Text 



10/27/2019

2

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
– Austin Divisions
– University Researchers
– Private Consultants (2017 on) 

GPR

FWD

DCP

TPAD

Used extensively for selecting 
rehab options when pavement 
performance is poor or premature 
failures exists

2.  NDT Evaluation Tools

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



10/27/2019

3

Successful GPR Applications
• Thickness of Pavement Layers
• Defects in Base (Wet areas)
• Defects in Hot Mix layers (stripping, trapped 

moisture)
• 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

Change of Layer thicknesses
Unexpected change in HMA thickness

X

X
TRM 732-1.7

Defects in Hot Mix layer Importance of site investigation

Importance of site investigation Falling Weight Deflectometer Testing
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A                             B                   C

Deflections for Sections A, B and C

Section

Segmenting Highways 
based on Strength

SH 302 in Odessa 
Remaining Life and Layer Moduli

GPR

Video
camera

High-precision GPS
Electro-Hydraulic
Loading System

RDD Loading Rollers

TxDOT’s Rolling Dynamic Deflectometer

• Strength Profiling
• Joint Quality
• Void/sink hole detection

Loading Rollers and Sensors in Retracted Position
ab designs of high performance Thin Overlays

Loading 
Roller

Rolling 
Sensor #1

Rolling 
Sensor #2

23

Rolling Deflectometer in Action

Very poor support
Very poor 
joints
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• 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

Challenges and Opportunities for FDR in Texas
4.  Use of NDT Tools in FDR projects

Critical Steps in the FDR Process
1. Assemble Background information

 Coring logs

 Maintenance

 Typical section

2. Non-destructive testing

 Ground Penetrating Radar (GPR)
 Falling Weight Deflectometer (FWD)

 Determine thickness & strength variability

 Determine sampling locations

3. Verify Pavement Structure & Sampling

 Auger or milling machine for sampling.

 Drill logs for project

27

4. Laboratory Mixture Design

 Plasticity Index

 Moisture-Density Curve

 Binder tests (foaming)

 Asphalt %, additive %, add rock % and foaming water %

5. Pavement Thickness Design

6. Construction Quality Control

 Depth of pulverization

 Gradation

 Moisture content

 Emulsion content

 Foaming asphalt properties

7. Construction Quality Assurance – Density

8. Performance Evaluation – FWD and Visual 

28

Bottom HMA

Bottom base

FM 1996 
Waco

Step 3 in the FDR Process
Sampling Equipment
• Use GPR/visual information to determine sampling locations.

GradallMilling AttachmentAuger

Critical Steps in the FDR Process
Coring Log
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.

CENTER/BETWEEN WHEELPATHS OUTSIDE WHEELPATHSEVERE RUTTING, ALLIGATOR & LONGITUDINAL 
CRACKING

Why Upfront Testing
TxDOT 1st foamed asphalt project (2000) < 1 year old

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

So How are we doing

• 2015 – 2018 total of 12 projects constructed 
using these guidelines

• Follow performance evaluations on-going
– Visual
– FWD survey
– Coring (some)

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 Traffic in  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)

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)

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

• 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
• Monitoring continuing
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Objectives of Forensic Studies
• What is the cause of the problem
• What should the TxDOT District do now
• How can the problem be avoided in the 

future
– “More research is needed”
– New Specs
– New test procedures
– New Equipment

5.  Use of NDT Tools in Forensics Studies

Forensics Studies and their Products

Sulfate Heave

Spectrophotometer
Tx Method 145E

Thermal Segregation

Pave-IR system

Forensics Studies and their Products
Balanced Mix Design 2004

IH 10  2002
Tony Yrigoyen – Richard Williammee
Charles Gaskin – Dale Rand

Premature
Cracking

Balanced Mix Design
Scullion/Zhou 2004

Balanced Mixes CAM 2008
TOM 2009 and SMA 2014

Recent Forensics Studies
Case 1 Differential Widening problems
Case 2 Drainage not pavement Problems 
Case 3 Damage from Truck Overloads
Case 4 Early Cracking of New Concrete

Case 1 Differential Widening 
6 months 
after Construction

Road 
over 
road
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Cause of problem    Aggregate trucks 
straddling joint

43

shoulder

lane

,X          X
Lane       Shoulder FWD Deflections

Much higher deflection in shoulder

Typical Section – 9ft Widening

Construction Joint – 9 ft

Existing Pavement:
8” CTB
2-CST
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

Proposed Design: 9 ft Widening on Existing Pavement

Representative Distresses –Widened Section

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

Recommended Widening   Typical Section

48

Step 1 2

3

4
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Case Study 2  
Frequent Repairs – what is wrong with pavement Site  3                                     4

3 18-20”
HMA

4 2” HMA

GPR Data

2” HMA 

ST [2]1

Site 3 

Site 4

Nasty clay found at all sites
Very Wet 
TRM 264+ .9

HMA = 8 inches

HMA = 12 inches

HMA = 20 inches

Poor Drainage at all thick locations

Conclusion 

Not a pavement layer 
problem

It is a drainage problem

Conclusions

• TxDOT has a very successful 
forensics program

• This program is a critical part of 
the research cycle

• Implementation includes new 
tools, test procedures and 
specifications

• We get better by learning from 
our problems not burying them



Slide 50

ST [2]1 Scullion, Tom, 10/10/2019
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• Role of TTI  

1)Research
2)Training 
3)Interagency Assistance

1) Provide a 10 year Rehabilitation Plan for major   
corridors in Texas  (Typically 100 to 200 miles long)
2) What is the cause of pavement deterioration
3) What repairs to make (short and long term)
4) Which are the top priority sections
5) How much will it cost

6.  Use of NDT in Corridor Studies Steps in a Typical Corridor Analysis
• Conduct a full GPR survey of each direction of highway 
• Meet with DOT personnel to;

Define breaks, identify problem sections or upcoming projects
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)
• Conduct laboratory testing where required (FDR, Overlay tests, 

etc.)
• Analyze all of the data collected
• Run Pavement Design options
• Report and Presentation of Findings

CONTENTS

1. Color Coded 
Priority Map

2. Table of Priority 
Projects

3. Additional Work or 
Modifications to 
Current practice

4. Section Breakdown

0 – 2 year 
project

Bad news

0 – 2 year project

Good News
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Questions?
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M e l y n d a  B o s w e l l | S u p e r  U s e r | B o s w e l l  A s p h a l t  P a v i n g  S o l u t i o n s  I n c .

A  C O M P R E H E N S I V E  RE S O U RC E  F O R 
O P T I M I Z I N G  N E T WO R K  M A NAG E M E N T

RoadResource.org

RoadResource.org

AGENDA

Treatment Toolbox | User Profile | Network Optimization 

1 Road Resource Better Roads Today. Stronger Roads Tomorrow  

2 Website Features

Educate anyone who wants to learn about  maximizing asphalt preservations practice   

3 Website Features
Pavement  Preservation | Sustainability  Calculator 

4 Website Features

3 RoadResource.org

The Situation: 

Demand is increasing 

for asphalt emulsions, 

preservation 

and recycling.

However, many city and county 

agencies are still unaware of benefits 

and best practices to successfully 

choose and apply these treatments. 
FORMING THE PAVEMENT PRESERVATION & RECYCLING ALLIANCE

Three Associations Join Together to Support 
the Industry at Large

4 RoadResource.org

5 RoadResource.org

Two Guiding Questions

1

How do we equip road owners 

& end users with tools to increase 

the successful use of pavement 

preservation and recycling?

2

How do we better disseminate 

research, success stories, 

and learning across all 

agencies, making information 

more accessible?

6 RoadResource.org

Research & Collaboration

Interviews & beta-testing with agency-
level users, pavement managers, DOTs, 
& roadway engineers

Input from over 
45 agency and 
industry leaders

Competitive exploration 
& Industry affiliations

International 
data survey 

Retreats with 
ISSA, AEMA & 
ARRA leadership 

Page by page 
technical review 
from multiple 
committees 
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RoadResource.org
7

Treatment Toolbox

Network Optimization

S E C T I O N  1

PPRA User Account
S E C T I O N  2

S E C T I O N  3

Information at the Treatment-level

What treatment 
is right for my road?
• Pavement Criteria Input
• Photo Example Suggestions

Treatment 
Resource Center
• Comprehensive Technical Menu
• Regional Success Stories
• Research and Performance
• Spec Resources

W
E

B
S

IT
E

 F
E

A
T

U
R

E
S

1

2

RoadResource.org

9 RoadResource.org

Which treatment is best for my road?
Input pavement criteria or select photos for treatment options

9 RoadResource.org 10 RoadResource.org

Treatment Resource Center
Ensure treatment success with comprehensive information on 18 treatments

10 RoadResource.org

11 RoadResource.org

Success Stories & Research
Use, performance & best practices in your region

11 RoadResource.org 12 RoadResource.org

Compare Treatments
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.

NOTE ON COST:

12 RoadResource.org
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Treatment Toolbox

PPRA User Account

Network Optimization

S E C T I O N  1

S E C T I O N  2

S E C T I O N  3

Tailor tools & calculators to your area

User Account 
Capabilities
• Enter unit cost, life 

extension, and structural 
numbers from your area

• Update units 
of measure 
for US or Canada

W
E

B
S

IT
E

 F
E

A
T

U
R

E
S

RoadResource.org
14 RoadResource.org

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. 

NOTE:

14 RoadResource.org

PPRA User Account
S E C T I O N  2

Treatment Toolbox

Network Optimization

S E C T I O N  1

S E C T I O N  3

Calculators & 
Concepts
• Network How-To

• Equivalent Annualized Cost 

• Life Cycle Cost

• Remaining Service Life

• Cost-Benefit Value

W
E

B
S

IT
E

 F
E

A
T

U
R

E
S

Information at the Network Level

RoadResource.org
16 RoadResource.org

Equivalent Annualized Cost
Compare treatment cost based on Life Extension

16 RoadResource.org

17 RoadResource.org

Life Cycle Cost Calculator
Save big over the life of your pavement with progressive maintenance

17 RoadResource.org 18 RoadResource.org

Remaining Service Life
How much life is your network gaining or losing each year?

18 RoadResource.org
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19 RoadResource.org

Cost-Benefit Value
Which projects will give the “biggest bang for the buck?”

19 RoadResource.org 20 RoadResource.org

RSL Calculator | Worst First Approach

21 RoadResource.org

RSL Calculator | Optimized Approach 

22 RoadResource.org

RSL Example to Plug into RoadResource.org Interactive Calculator

January 31, 2019 for indus Sales Team

200 lane-mile network with avg. 12' width (equates to 1,408,000 s.y.) and $800,000 budget

"Worst-First" Approach -
Life Lane-Miles Lane-Mile- Unit Total

Treatment Type Category Extension Treated Years Cost Cost
Full Depth Reclamation + 4" HMA Reconstruction 25 2 50 $28.54 $401,843
Major Mill & Fill Rehabilitation 15 2 30 $16.64 $234,291
Minor Mill & Fill Rehabilitation 11 2 22 $9.80 $137,984
Crack Seal Preservation 2 8 16 $0.48 $27,034

TOTALS = 118 $801,152

Program results:  97% of funds spent on Reconstruction & Rehabilitation such that only 14 lane-miles were treated (7%
of the network) and a net loss of 82 lane-mile-years of network service life (200 lane-mile-years is "break even")

Optimized Approach -
Life Lane-Miles Lane-Mile- Unit Total

Treatment Type Category Extension Treated Years Cost Cost
Full Depth Reclamation + 4" HMA Reconstruction 25 1 25 $28.54 $200,922
Major Mill & Fill Rehabilitation 15 1 15 $16.64 $117,146
Minor Mill & Fill Rehabilitation 11 1 11 $9.80 $68,992
Crack Seal Preservation 2 20 40 $0.48 $67,584
Rejuvenating Fog Seal Preservation 3 8 24 $0.67 $37,734
Chip Seal Preservation 6 8 48 $2.06 $116,019
Micro - single lift Preservation 6 6 36 $2.77 $117,005
Cape Seal Preservation 10 2 20 $5.20 $73,216

TOTALS = 219 $798,618

Program results:  Reconst/Rehab program cut in half such that 52% of funds could be spent on keeping good roads in
good condition and 47 lane-miles could be treated (24% of the network) and a net gain in network service life of 
19 lane-mile-years could be achieved.

23 RoadResource.org

Subscribe to the Road 
Resource Newsletter
Stay up-to-date with the latest in industry 
news, innovation and research

24 RoadResource.org

Like and Follow PPRA on Social Media

24 RoadResource.org
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Development and Evaluation 
of Performance Measures to 
Augment Asphalt Mix Design 
in Idaho

Emad Kassem, Fouad Bayomy, Hamza Alkuime 

October 24, 2019

Outline
■ Research Motivation 
■ Research Objectives
■ Research Methodology and Tasks
■ Research Findings
■ Research Recommendations/Implementation 

2

Research Motivation
■ Superpave volumetric mix design is conducted without performance criteria to evaluate the 

mix resistance to cracking and rutting.

Rutting criteria 

Fatigue criteria 

Low-temperature  
criteria 

Research Motivation
■ Rutting and cracking have been observed in pavements that were designed using the 

Superpave method

Rutting Fatigue Cracking

Moisture Damage

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

■ PEMD incorporates
performance 
assessment tests  

6

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 
4. 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
7

Research Methodology and Tasks 

8

Task 1: Literature review

9

Rutting assessment tests
Asphalt Pavement Analyzer (APA)  rut test

Hamburg wheel tracking test (HWTT)

 Maximum rut depth @ 
8,000 loading cycles 
(APA8000)

 Maximum rut depth @ 
15,000 loading 
passes (HWTT15000)

 Maximum rut depth @ 
20,000 loading 
passes (HWTT20000

Performance indicators  

Task 1: Literature review
■ Performance thresholds  

10

State DOT
Additional Distinguish criteria 
(i.e., binder PG, traffic level. 

etc.)

Limits (Max. rut 
depth [mm])

Idaho All mixes (SP3, SP5) 5.0

Alabama
SMA mixes and HMA with 

traffic ESALs between 1.0E7 
and 3.0E7

4.5

Alaska All mixes 3.0

Georgia
19.0 mm and 25.0 mm NMAS 

mixes
5.0

APA rut test

DOT Rutting performance threshold (Minimum # of Passes)

TXDOT

Additional Distinguish 
criteria (i.e., binder PG, 

traffic level. etc.)

Limits, @12.5mm rut depth 

tested at 50 °C

<=PG 64 10000

PG 70 15000

=>PG 76 20000

Illinois PG 58-xx 5,000

PG 64-xx 7,500

PG 70-xx 15,000

PG 76-xx or higher 20,000

Oklahoma PG 64-xx 10,000

PG 70-xx 15,000
PG 76-xx 20,000

HWTT

Others Others

Task 1: Literature review

11

Documented testing standards to assess cracking 

Specimen geometry  SC IDT

Testing Standards ASTM D8044
AASHTO TP 

124

ASTM D6931 
and D8225

Symbol SCB-Jc SCB-FI IDT

Sp
ec

im
en

 
ge

om
et

ry Notch (mm) 
depth

25.4, 32, and 38 15 ----------

Diameter (mm) 150 150 150 or 101.6 

Loading rate (mm/min) 0.5 50 50 

Test output Load-displacement curve 

Semi-circle (SC)

Circular

Task 1: Literature review

12

Performance indicators and PEMD specification to assess cracking  
# Formula Research group References 

1 𝐺ி௥௔௖௧௨௥௘
்௢௧௔௟ = ௐಷೝೌ೎೟ೠೝ೐

೅೚೟ೌ೗

௖௥௔௖௞ ௙௔௖௘ ௔௥௘௔ 
- (Zhu et al. 2017)

2 𝜎௧௘௦௡௜௟௘
ூ஽் =

2000𝑥𝑃௉௘௔௞

π × t × D 
- Buttlar et al. 

(1996)

3 𝐼𝐷𝑇௠௢ௗ௨௟௨௦ =
𝜎்௘௡௦௜௟௘

ூ஽்

𝐿௉௘௔௞ ௟௢௔ௗ
Japan West and 

Copeland (2015)

4 𝐽௖= −
1

t
dU
 da Louisiana State University

Wu et al. (2005); 
Bayomy et al. 

(2006)

5 𝐹𝐼 = 0.01 ∗  
𝐺ி௥௔௖௧௨௥௘

்௢௧௔௟  

𝑚ூ௡௙௟௘௖௧௜௢௡
௉௢௦௧ି௣௘௔௞

 
University of Illinois at 

Urbana-Champaign
Al-Qadi et al. 

(2015)

6 𝑁௙௟௘௫ =
𝑇𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠

𝑚௜௡௙௟௘௖௧௜௢௡
௉௢௦௧௣௘௔௞

National Center for 
Asphalt Technology 

(NCAT)
West et al. (2017)

7
𝐼𝐷𝐸𝐴𝐿𝐶𝑇 ூ௡ௗ௘௫ = 

𝐺ி௥௔௖௧௨௥௘
்௢௧௔௟

𝑚଻ହ%
௉௢௦௧௣௘௔௞

) 
×

𝑡

62

× 𝜀௩
௧௢௟௘௥௔௡௖௘

Texas A&M University Zhou et al. (2017)

8 𝐶𝑅𝐼 =
𝐺ி௥௔௖௧௨௥௘

்௢௧௔௟

P௉௘௔௞ 
Texas A&M University Kaseer et al. 

(2018)

Lo
ad

 (K
N

)

Displacement  (mm)

Peak load

Pre-
peak 

fracture 
work

Post 
peak 

fracture 
work

Termination 
displacement

Total fracture work 
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Task 1: Literature review

■ Current monotonic performance indicators 
– Lack the full description of the load-displacement curve
– Provide illogical trend with air void content and thickness 

■ Current dynamic assessment tests 
– long or unknown testing time
– Unknown stress/strain levels 
– Complex specimen shape
– Costly equipment
– Can not be used to evaluate extracted field cores

13

Identified limitations of cracking assessment tests 

Task 2: Develop new and innovative cracking assessment tests

■ Curve fitting

where
– P = the applied load or stress
– u = the measured  displacement
– 𝛽 = the shape parameter 
– η = the scale parameter
– A = the area parameter

14

Innovative unified monotonic performance indicator

𝑃 = 𝐴 ×
𝛽

𝜂

𝑢

𝜂

ఉିଵ

× 𝑒
ି(

௨
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)ഁ
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L
oa

d 
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)

Displacement (mm)
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Predicted
Upper CI
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β=1.86, η=3.56, 

R2 =0.997

Task 2: Develop new and innovative cracking assessment tests

■ Indicator derivation 

15

Innovative unified monotonic performance indicator

where: 
𝛽 = the shape parameter 

η = the scale parameter, 
A = the area parameter

Higher WeibullCRI  Indicates
improved resistance to 

cracking
0
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Task 2: Develop new and innovative cracking assessment tests
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Develop a new dynamic loading cracking assessment

MSSD applies a series of different SIF factors 

Ten different loading stages with different SIF
are applied

Stage-0 Stage-1 Stage-2 Stage-3 Stage-4 Stage-5 Stage-6 Stage-7 Stage-8 Stage-9

ΔK 0.08 0.4 0.58 0.83 1.24 1.77 2.49 3.4 4.48 5.8

Kmax 0.20 0.60 0.78 1.03 1.44 1.97 2.69 3.60 4.68 6.00

Kmin 0.12 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

0
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Task 2: Develop new and innovative cracking assessment tests

Data interpretation

17

Develop a new dynamic loading cracking assessment test

y = 4E-05x1.4946

R² = 0.8612
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Task 3: Identify and select testing materials and conduct field 
performance evaluation

18

Identified test materials 

Six Laboratory  
Mixed-Laboratory 
compacted (LMLC) 

10 Plant Mixed-Laboratory 
compacted (PMLC) 

17 Field Projects 
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Task 3: Identify and select testing materials and conduct field 
performance evaluation

19
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Task 4: Conduct laboratory performance tests 

20

Selected testing 
standards and 
Experimental 
design 

Task 4: Conduct laboratory performance tests 

21

Selected performance indicators

# Assessment test Assessment Indicator

1 APA APA8000
2

HWTT
HWTT15000

3 HWTT20000

# Assessment test Assessment Indicator

7 SCB-Jc 𝐽௖

8

SCB-FI

𝐺ி௥௔௖௧௨௥௘
்௢௧௔௟

9 𝐶𝑅𝐼

10 𝐹𝐼

11

IDT

𝐺ி௥௔௖௧௨௥௘
்௢௧௔௟

12 𝜎௧௘௦௡௜௟௘
ூ஽்

13 𝐼𝐷𝑇௠௢ௗ௨௟௨௦

14 𝐹𝐼

15 𝐶𝑅𝐼

16 𝐼𝐷𝐸𝐴𝐿 − 𝐶𝑇 ூ௡ௗ௘௫

17 𝑁௙௟௘௫

# Assessment test
Assessment 

Indicator

4
MSSD

Slope (z)
5 Abs log (H)
6 IDT 𝑊𝑒𝑖𝑏𝑢𝑙𝑙 ஼ோூ

Most promising rutting performance indicators 

Newly developed cracking performance indicators 

Promising cracking performance indicators 

Task 4: Conduct laboratory performance tests 

22

Testing devices 

AMPT MTS APA Jr.

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

1. Investigate fundamental understanding of variation in the load-displacement 
curve in terms of mix cracking resistance 

2. Examine performance indicators sensitivity to the variation in binder content 
3. Examine performance indicators sensitivity to the variation in binder grade
4. Examine performance indicators variability
5. Examine performance indicators correlation with each other 
6. Examine performance indicators statistical grouping for mixes performance
7. Investigate the expected cracking and rutting resistance of currently produced 

asphalt mixes in Idaho 

23

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

24

Performance indicators variability
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Variability Average COV

Low <10% 

Moderate 10% < COV < 30% 

High > 30%

Performance indicator Variability

Gfracture (IDT) Moderate

Gfracture (SCB-FI) Moderate

CRI (IDT) low

CRI (SCB-FI) Moderate

FI (IDT) Moderate

FI (SCB-FI) Highest

IDEAL-CTIndex Moderate

Nflex factor Moderate

IDTstrength low

IDTModulus Moderate

Jc NA

WeibullCRI (IDT) Lowest
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Task 5: Conduct comprehensive evaluation of cracking and rutting 
performance of  laboratory- prepared specimens

25

 indicates worse cracking resistance,

 indicates better cracking resistance,

 shows both trends
 

 indicates agreements between 

indicator ranking  and the expected 
ranking

 indicates disagreements between 
indicator 

ranking and the expected ranking

• Best test is IDT
• Best performance 

indicator is WeibullCRI

Summary 

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

26

Evaluation criteria 
Performance indicator

HWTT15000
HWTT2000

0
APA8000

Sensitivity to

Binder content
(increase binder content)   

binder PG
(using softer binder content)   

Statistical sensitivity 7 6 7

Variability Moderate Moderate
low/moderat

e

Advantages 
Moisture 
damage

Moisture 
damage

N/A

Correlation based on ranking 
mixes resistance to rutting 

(Spearman rank correlation coefficient [rs]])

rs = 0.10 (APA8000 VS HWTT20000)
rs = 0.14 (APA8000 VS HWTT15000)

rs = 0.98 (HWTT15000 VS HWTT20000)

 indicates worse cracking resistance,

 indicates better cracking resistance,

 shows both trends
 

 indicates agreements between 

indicator ranking  and the expected 
ranking

 indicates disagreements between 
indicator 

ranking and the expected ranking

Task 6: Develop PEMD specifications to assess mix resistance to cracking and 
rutting

27

MSSD indicators and Observed field cracking 
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Task 6: Develop PEMD specifications to assess mix resistance to cracking and 
rutting

28

Monotonic indicators and observed field cracking 
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NONE of the monotonic 
indicators was able to 
distinguish between mix 
results 

Task 6: Develop PEMD specifications to assess mix resistance to cracking and 
rutting

■ Explanation
■ It was reported that monotonic performance indicators to provide illogical trend with specimen air void 

content and thickness 

29

Monotonic indicators and Observed field cracking 
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Task 6: Develop PEMD specifications to assess mix resistance to cracking and 
rutting

■ Proposed solution

30

Monotonic indicators and observed field cracking

𝐹𝐼଻% = 𝐹𝐼஺௏ ×
7%

AV% 

𝐹𝐼଻% = 𝐹𝐼஺௏ ×
0.0651

AV−𝐴𝑉ଶ 

FIହ଴ = FI୲ ×
t

50 

(Al-Qadi et al., 2015a; Barry, 2016; 
Rivera, 2017; Kaseer et al., 2018)
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Task 6: Develop PEMD specifications to assess mix resistance to cracking and 
rutting

■ Alternative New Solution 

31

Monotonic indicators and observed field cracking

Task 6: Develop PEMD specifications to assess mix resistance to cracking and 
rutting

32

Monotonic indicators and Observed field cracking Alternative New Solution 

Task 6: Develop PEMD specifications to assess mix resistance to cracking and 
rutting

33

Rutting indicators and observed field rutting 
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Task 7: Develop recommendations and guidelines for PEMD

34

Recommended assessment tools to assess cracking and rutting 

Distress Test type Test standard 
Performance 

indicator
PEMD specifications 

Performance Thresholds

Cracking 

Monotonic - WeibullCRI

Good WeibullCRI >4.7

Fair  3.57 <WeibullCRI >4.7 

Poor WeibullCRI <3.57

MSSD - Slope (Z)

Good Z< 1.9

Fair  1.9 < z  2.9

Poor z > 2.9

Rutting HWTT AASHTO T 324 HWTT15000

Good/Fair Rut depth < 10 mm

Poor Rut depth >10  mm

Task 7: Develop recommendations and guidelines for PEMD

35

Implementation Guidelines 

Design process  

Min.

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

59th Idaho Asphalt 
Conference

INCREASING SERVICE LIFE of 
HMA in WASHINGTON STATE

Background

 How we got to where we are

• SHRP efforts - 1995

• Implemented PG Binders - 2000

• Superpave Volumetric Mix Design - 2004

• Elastic Recovery Specification - 2012

2

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, AI, Regional Task Group & WAPA

3

Pavement Management Perspective

4
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Pavement Life - Years Between Resurfacing
Western Washington 

(Olympic, Northwest & Southwest Regions)

Construction Cost per lane mile = 
$275,000

Mean =
17.2 years

Mean =
16.2 years

WW - Change of Life ( years) 0 1 2 3

Average Life (years) 16.2 17.2 18.2 19.2

Annual Cost Per Lane-mile $25,648 $24,190 $22,985 $21,963

$ Change in Total Annual Cost $0 -$9,438,403 -$17,235,754 -$23,850,009

% Change Annual Cost 0% -6% -10% -14%

2017 - Met w/Industry
Open Discussion and Dialogue

WSDOT

Chris Christopher

Jon Deffenbacher

Kurt Williams

Joe DeVol

Jeff Uhlmeyer

Bob Dyer

WAPA

Dave Gent, WAPA

Kenton Hill, Granite Construction

Chris Pedersen, CTL 

Dave Bell, Lakeside Industries

Brad Griffith, Miles Resources

6
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Two Areas of Focus:

1) Increase Asphalt Content

2) Increase Density

7

1) Increase Asphalt Content

8

• 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

1) Increase Asphalt Content

9

• 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

2017 2018 2019

VMA & Pb
SPECIFICATION REVISIONS

10

VMA
Mix Design Approval

LSL: -1.5% Spec
per Class of Mix

VMA
Field Acceptance

N/A

Pb
Field Acceptance

LSL: -0.5% JMF
USL: +0.5% JMF

VMA
Mix Design Approval

LSL: -1.0% Spec
per Class of Mix

VMA
Field Acceptance

LSL: -1.5% Spec
per Class of Mix
Price Adj. Factor: 2

Pb
Field Acceptance

LSL: -0.4% JMF
USL: +0.5% JMF

VMA
Mix Design Approval

LSL : -1.0% Spec
per Class of Mix

VMA
Field Acceptance

LSL: -1.0% Spec
per Class of Mix
Price Adj. Factor: 2

Pb
Field Acceptance

LSL: -0.4% JMF
USL: +0.5% JMF

2017-2019 – 3/8 Inch VMA
Production Data

11

10.0

11.0

12.0

13.0

14.0

15.0

16.0

17.0

18.0

19.0

20.0

0 100 200 300 400 500 600 700 800 900

LSL = 13.5% LSL = 14.0%

2017 VMA Avg. = 15.6%
2018 VMA Avg. = 15.2%
2019 VMA Avg. = 15.7%

2017-2019 – 1/2 Inch VMA
Production Data

12

2017 VMA Avg. = 14.3%
2018 VMA Avg. = 13.9%
2019 VMA Avg. = 14.4%

LSL = 12.5% LSL = 13.0%
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2017-2019 – 3/8 Inch Percent Binder 
(Pb) Production Data

13

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

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

14

2017 Pb Avg. = 5.3%
2018 Pb Avg. = 5.5%
2019 Pb Avg. = 5.4%

3/8 Inch HMA Percent Binder
(Pb) Production Average
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1/2 Inch HMA Percent Binder
(Pb) Production Average
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2) Increase Density 2017 COMPACTION SUBLOTS
LSL of 91% and Forecast with LSL of 92%

18

86 87 88 89 90 91 92 93 94 95 96 97 98 99 100

PERCENT COMPACTION

Forecast for Lots if LSL = 92%

2016 Test Data for LSL = 91%

Increasing LSL to 92 
pushes performance 
in this direction
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2017 2018 2019

COMPACTION SPECIFICATION

19

INCENTIVE
LSL 91.0%
Adj. Factor 0.4

DISINCENTIVE
LSL 91.0%
Adj. Factor 0.4 

INCENTIVE
LSL 91.5%
Adj. Factor 0.8

DISINCENTIVE
LSL 91.0%
Adj. Factor 0.6

INCENTIVE
LSL 92%
Adj. Factor 1.0

DISINCENTIVE
LSL 91.5%
Adj. Factor 0.6 

86.0

88.0

90.0

92.0

94.0

96.0

98.0

100.0

0 100 200 300 400 500

2017-2019 – 3/8 Inch Compaction 
Production Data

20

2017 Density Avg. = 93.4%
2018 Density Avg. = 93.8%
2019 Density Avg. = 93.8%

LSL = 91.0%
LSL = 91.5%

LSL = 92.0%

2017-2019 – 3/8 Inch Compaction 
Production Data

21

2017 Spec Data

2019 Spec Data

2018 Spec Data

2017-2019 – 1/2 Inch Compaction 
Production Data

22

2017 Density Avg. = 93.7%
2018 Density Avg. = 93.5%
2019 Density Avg. = 94.1%

LSL = 91.0%
LSL = 91.5%

LSL = 92.0%

2017-2019 – 1/2 Inch Compaction 
Production Data

23

2017 Spec Data

2019 Spec Data

2018 Spec Data

2013 - 2019 HMA Percent 
Density Production Average 

24

3/8 Inch Percent Density

1/2 Inch Percent Density
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Questions?

Contact Information:
Joe DeVol

jdevol@wsdot.wa.gov
(360) 709-5421

Other Efforts to
Increase Service Life of 

HMA
in Washington State

What We Learned?

 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

27 28

Hamburg Wheel Track Testing

29
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Hamburg Samples with PG64-28 “Original Formulation”

Hamburg Samples with PG64-28 “Polymer Modified”

Asphalt Binder Testing

Original Formulation

• Met Conventional PG Specs 
(AASHTO - M 320)

• Met MSCR Specs *   
(AASHTO - M 332)

• Elastic Recovery = 25%
(AASHTO - T 301)

*Excluding R 92

Polymer Modified

• Met Conventional PG Specs 
(AASHTO - M 320)

• Met MSCR Specs **                      
(AASHTO - M 332)

• Elastic Recovery = 74% 
(AASHTO - T 301)

**Including R 92

30
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2018 Standard Specifications
Asphalt Binder Changes

31

• M 320 Grading System

– PG58-22

– PG64-22

– PG70-22 (60% ER)

– PG64-28 (60% ER)

– PG70-28 (60% ER)

– PG76-28 (60% ER)

• M 332 Grading System

– PG58S-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

2018 Standard Specifications

32

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:

33 34

35 36
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37 38

39

2010 - 2018 Asphalt Binders 
Meeting Specifications
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Percent Passing Asphalt Binders Tests 

2018 Asphalt Binder 
Meeting Specification
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97.2%
99.1%

MSCR

Questions?

Contact Information:
Joe DeVol

jdevol@wsdot.wa.gov
(360) 709-5421
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Pavement Reinforcement Products for 
Improved Pavement Performance

Jordan Rabin – Pacific North Engineering Rep
2019 Idaho Asphalt Conference

Agenda

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

Problems that Pavement Reinforcement 
Products Solve / Benefits they Bring

Independent Verification & Project 
Examples

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

What are Interlayers?

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

Functions:

- Moisture barrier
- Reflective crack 
mitigation
- Reinforcement of 
asphalt to extend 
pavement life and 
loading capacity

Interlayers ≠ Pavement 
Reinforcement Products

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

Functions:

- moisture barrier
- Reflective crack 
mitigation
- reinforcement of 
asphalt to extend 
pavement life and 
loading capacity

Why are Interlayers Used?

To reduce maintenance cost and frequency

To keep up with increased traffic loading

Some areas just need a little help

To get more life out of your pavement, at a 
lower cost, over the course of its life
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OR JUST KEEP MAINTAINING!

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

OR NOT!

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

When Aren’t Interlayers be 
Enough? What Can be Done Instead?

Trench Cut- Dig Out Repairs

STRUCTURAL – Base Issue CORRECTION

Problems that Pavement 
Reinforcement Products Solve / 
Benefits they Bring
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Benefits Of Pavement 
Reinforcement Products

Reinforcement 

Mitigate Reflective Cracking

Moisture Barrier

Sustainability

1. Structural Reinforcement

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

Continuous high 
tensile, pre-coated high 
temp. with elastomeric 
polymer, fiberglass is 

to asphalt as steel rebar 
is to concrete

Reinforcement Matters

Asphalt - Asphalt

REINFORCEMENT MATTERS!

No Reinforcement

Run Time
0h 51m

Reinforced with GlasGrid TF

Over 6.5 Times Longer

Maximum Load Distribution

Conventional Pavement Load Distribution Curves

Load distribution is one of the primary functions of a pavement

Maximum Load Distribution

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

Rehabilitation New or Reconstruct

Equivalent LOAD Design with Reinforcement

Reinforced 
Option

Thicker Equivalent 
Option

2” 4”
GlasGrid Reinforcing Rebar

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

the pavement

AASHTO Design to Increase Load Capacity
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High tensile rebar-type reinforcing
+

Low tensile HMA = 
Crack Resistant Pavements

2. Crack Relief

Slowing Crack Deterioration

Typical Sample

Texas Transportation Institute Overlay Tester

Slowing Crack Deterioration
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Independent Testing 

to determine interlayer capability
to delay reflective cracks
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Fibers   

Mix Add    

Pavements Ability to Resist Cracks 
ALL Pavements (New, Overlay or Patch Repairs) Should Include reinforcement

REINFORCEMENT

3. Moisture 
Barrier

Preserve the traffic bearing 
capacity of a dry Foundation:

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

Slowing Impact of Moisture

Water  in Foundation Deterioration

3. Water intrusion

Subgrade

1.Traffic Loading

5.Thermal Movement 

PA
V

E
M

E
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SE
C

T
IO

N2. Stress Cracks
Reflective

Fatigue

4. Aged/Weathered 

Base

Deteriorating Effect

Thermal
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Mitigate Moisture Intrusion Sustainability

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

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

Ability to Mill,  Recycle + Add to New HMA

28

Rebar Type Reinforcement for HMA
Key Points

Design and Construct HMA Pavements that:

1. have 2X load capacity (ESALs)

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

Independent Verification & Project 
Examples
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Coated Fiberglass Paving Grid
Loretta Heights, CO Installed 2006 

2” HMA overlay on heavily alligator cracked HMA

←BEFORE 2006   Vs   AFTER 2017→
2017 Yr. 11 - Minor Crack

Santa Cruz, CA Installed 2004 2” HMA over PCC

←No mat Vs Paving Mat →
2015 Yr. 11 - Minor Crack

Coated Fiberglass Paving Grid

LAKE Oswego,  2” HMA over Milled HMA

Coated Fiberglass Paving Grid

2017 Yr. 10 - Minor Crack
←BEFORE 2007   Vs   AFTER 2015→

Lake Oswego, OR  2” HMA over Milled HMA
Coated Fiberglass Paving Grid

Same contractor, same mix, but No reinforcing

Fosburg Rd, Collector,  After 7 Yrs.

Coated Fiberglass Paving Grid

Project Name: 

Rehabilation of Alewa Drive, Unit 49

Pavement Condition Assessment (After 12 Years)
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.

Alewa Dr, Honolulu, HI
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Alewa Dr, Honolulu, HI Alewa Dr, Honolulu, HI

Pyramid, Sparks NV 4 lane, Heavy truck traffic, 3” HMA 
overlay

Coated Fiberglass Paving Grid

GlasGrid 8501 Installed 2003 S/B curb lane only

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

←Crack stops at the GlasGrid→

INDEPENDENT VALIDATION

Performance Validation

Influence of GlasGrid® on 
Asphalt Pavement Performance. 

• NCAT Ongoing full scale 
research

• 2018 Update: 18 years and          
60 million ESAL’s of            
accelerated traffic                
loading

Performance Update 2018

GlasGrid Performance Validation
2018 Unreinforced Section: Cracking first observed in 2006.  

Mainline fatigue cracks in addition to cold joint crack.  

Performance Validation
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GlasGrid Reinforced Section
after 60 Mil ESALs and 18 Yrs.

2018 Still no cracks in mainline only at cold joint  

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

APT

Fatigue Cracking Section C With GlasGrid 8511
Vs

Section D with NO GlasGrid

Performance Validation
AP
T

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

With GlasGrid 
8511

Without GlasGrid
Performance Validation

In-Place Plate Load Validation Testing

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

Performance Validation

In-Place Plate Load Validation Testing

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.

Performance Validation
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In-Place Validation Testing

4 Point Strain Controlled Beam Test
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GlasGrid TF Structural contribution 2 times stronger than the control 

Performance Validation

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

PROVEN ReBar Type HMA Reinforcement

PG or PG or

Crack Delay 3X 6X 9X 9X

Equiv HMA In. 1+0.5” 1+1” 2”+ 2”+

Waterproof YES YES _ _

Cost by HMA Reinforcement Type

PG or PG or

With Increased ESAL capacity, Delayed 
Cracks and a Dry Foundation we can:

1. More rapidly improve network PCI

2. Reduce maintenance cost and intervals

3. Less downtime, work zones, liability

4. Better Ride, Better looks, longer 

Take Away:

Let us Help You Design & Build More 
Maintenance free Pavement Structures 

that Last Longer and Cost Less

Design Services:

Project Title: Date: 

Project Location:  

HMA Overlay Thickness (Inches)
HMA Overlay Modulus (ksi)
Existing HMA Thickness  (Inches)
Existing HMA Modulus (ksi)

PCC-Other Concrete or Treated Base (Inches)
Base Thickness  (Inches)
Base Modulus (ksi)
Base Type

Subgrade Thickness  (Inches)
Subgrade Modulus (ksi)
Subgrade CBR (%)
Subgrade Type

CURRENT TRAFFIC INDEX TRAFFIC INDEX
CORRENT PCI PCI GOAL
STANDARD SINGLE AXLE LOAD (kips) 18 PERCENT TRUCKS %
DUAL/SINGLE WHEEL ESALs PER YEAR 1
TIRE PRESSURE PSI (PSI) 80 ESALs GROWTH RATE (%) %
Joint or Crack Wheel Transfer %  Efficiency (70% Min) TERMINAL PCI
RELIABILIY (% per AASHTO 98, typical 90˜95%) DESIGN LIFE (Years)
STANDARD DEVIATION (per AASHTO 98) 0.49
NOTES:

YEARS TO CRACK RETURN
YEARS TO FIRST PREVENTATIVE MAINTENANCE
ANTICIPATED MAINTENANCE CYCLE

HMA Pavement ESAL Increase Worksheet

Send to: Tensar       Dennis Rogers       Phone: 760.668.34306       Email: drogers@tensarcorp.com 

Ba
se

Su
bg

ra
de

As
ph

al
t

STRUCTURAL
DESIRED OUTCOMES

STRUCTURAL

FUNCTIONAL

ADDITIONAL EXISTING INFORMATION

The more complete the information, the more accurate the 
design.

Sample of 
Inputs for:
AASHTO 
93 Design

85.00
Zr -1.037 Std. Normal deviate
So 0.45 Overall Std. deviation
DPSI 0.01 Design serviceability loss
CBR 3.1
MR 4600 Subgrade

Initial 2.01

Terminal 2.0

Layer thick (in.) ai mi SN_layer
AC1 4 0.22 0.88
AC2 0 0.22 0.00
AC3 0 0.22 0.00
ABC 12 0.11 1 1.26

ABC 0 0.11 1 0.00

SBC 0 0.08 1 0.00
SBC 0 0.06 1 0.00
Total 16 SN 2.14

4,697             ESALS TI= 4.76     

2. End of Service life ESAL: Existing Section 
Reliability

Serviceability
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Sample 
AASHTO 
Design:

Mill Thickness 5.5
Layer Thickness Inch ai mi SN
New HMA 5.5 0.44 2.42
ABC 10.5 0.11 1 1.10
Total 16 3.52

614,698                                              ESAL TI= 8.49  

Mill Thickness 5.5
Layer Thickness Inch ai mi SN
HMA+GGTF 4 0.66 2.64
LvLup HMA 1.5 0.44 0.66
ABC 10.5 0.11 1 1.16
Total 16 4.46

2,901,926 ESAL TI= 10.22

REHAB 2: New HMA+ GlasPave50 # HMA Reinforcement
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 9.5 0.105 1 1.00
Total 16 4.46

2,908,550 ESALS TI= 10.22

REHAB: Unreinforced HMA

REHAB 1: HMA, GlasGrid HMA REINFORCEMENT+HMA

Sample Design Results:

Existing GGTF Reinforced GP Reinforced Unreinforced

  Structural Number 2.14 4.40 4.40 4.41

  ESAL's 4,697 2,901,926 2,908,550 2,938,770

  TI 4.76 10.22 10.22 10.23

  Improvement Factor vs No Reinforcement (Traffic Benefit Ratio): 4.7 2.5 --

  Added inches of  HMA needed to Achieve Same Performance: 2.7 0.0 2.7

  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

$15.00 $12.00 --

$45.82 $54.64 $67.89

  Total Cost Installed (SY) $60.82 $66.64 $67.89

-12% -2%

  Installed Cost of added Paving Reinforcement (per SY):

  Percent Cost Savings vs Equivalent Asphalt

  Cost of HMA Installed (per SY):

Cost Benefit Analysis

Performance Comparison

QUESTIONS?
Thank You

Jordan Rabin

Engineering Rep for Pacific North – ID, OR, WA

Jrabin@Tensarcorp.com

206-518-2318

Placing HMA Reinforcement

INSTALLATION

GlasGrid TF Installation GlasGrid GlasPave Installation
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PatchGlas 100/25 Installation

◄ PREP: Mill, Prime,  
Level-Up

Unroll and remove
release film ▼

PatchGlas 100/25 Installation

▲Rubber tire roll in-place 
to assure adhesion ►

PatchGlas 100/25 Installation
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Recycled Asphalt Pavement
used in Pavement 

Maintenance

Doug Olsen
Idaho/Peak/Western

Rod Thompson
Tooele County

What We Know

 Asphalt has always been 
Recyclable

 Valuable material in Hot 
Mix Asphalt

 Used when and where 
feasible

RAP –typical usages – non HMA

 RAP Base
 Shoulder Backing
 CIR
 Road Bed Stabilzation
 Hot in place recycle
 On site Cold Mix

RAP History
Pavement Maintenance

Pavement Maintenance 
Products
Chip Seals

Pavement Maintenance 
Products
Slurry Seal and Micro Surfacing
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RAP – Caution !!!!!
 Not all HMA 

aggregates are 
good for PM

 History on Binder 
would be good 
homework

RAP Chip and RAP Slurry Aggregates 
Produced Simultaneously

Common Pavement 
Maintenance Aggregate Testing

 LA Abrasion
 Sodium 

Soundness
 Specific Gravity
 SE
 Fines Durability
 Gradation
 Absorption

RAP Slurry Material

Consistent Residual Asphalt

Slurry Dust
Very few conglomerations

Residual asphalt remains very consistent

 Residue AC affects mix 
design

 Need emulsion
 % of blend with virgin 

Aggregates 

Mixing RAP aggregates 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
12.5% Residual @ 
10% Emulsion

Minimum
7.5% Residual @
12% Emulsion
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RAP Utilization example

Crushing 
Utilization
 Chip Seal 

48%
 Slurry Dust 

40%
 12% waste

RAP Chip Material

Residual Asphalt

Chips
Single stones and conglomerations

Residual asphalt content will vary by sample

3/8” Chips

Some RAP crushing 
operations can create 
excess dust, which will 
contain asphalt residue

16

Adjust for the lighter material

Typical

5/16 chip – 14 to 20 lbs per SY

3/8 chip – 20 to 24 lbs per SY

½ chip – 24 to 30 lbs per SY

RAP Chips are lighter

Tests on Emulsion Compatibility

17

 Penetration

 Ductility

 Elastic Recovery 

 Stripping 

 Sweep Test - cohesion 

Multiple Sizes 

Single Size

RAP Management - Embedment
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Spreading Emulsion

Determine proper application rate for 
road surface and traffic conditions and 

climatic conditions

RAP Chip Seal

RAP chip seals will 
have lower 
absorption rates

Slower Cohesion

21

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

 Step out slow – consider your climate
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Using Reclaimed 
Asphalt Pavement RAP 

in Preventive 
Maintenance

Door Blanket

The work must go on

Supervisor

5/7/2004
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Reclaimed Asphalt Pavement
Past Projects

Cold Central Plant Mix
Cold In-place
Hot In-place
Shouldering
Base Course
Full Depth Reclamation
Scrub Seal
RAP Chip Seal

• Stripping

• Polishing

• Soundness

• LA abrasion

• Fracture Faces

• Flakiness Index

Chip Seal Cover Material Properties
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In Conclusion
Why Use RAP 

Chips
• Cost
• Availability
• Performance
• Environmental
• Aesthetics

Using Reclaimed Asphalt 
Pavement RAP in Preventive 

Maintenance
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Implementation and Calibration of 
AASHTOWare Pavement ME 

Design for Idaho

Fouad Bayomy

University of Idaho

1

59th Idaho Asphalt Conference, 2019 ITD – UI Projects to Implement 
AASHTOWare Pavement ME Design

AASHTOWare ME
Design Software 

Implementation Phases

RP193
MEPDG Traffic 

Material Database for 
Asphalt Pavements

2009 – 2011

RP211 A, B
Roadmap and Initial 
User Guide for ME 

Software
2013 – 2014
(ARA, Inc.)

RP235
Calibration of 

Asphalt Models
2015 – 2018
June 2018

RP263
Unbound Materials 

Database
2017 – 2019
June 2019

RP253
Material Database 

for PCC

2016 – 2017

RP268
Calibration of PCC 

Models
2017 – 2019
August 2019

2

1

2

3
4

6

5
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RP 193 
ITD_ME Material and Traffic Database

4

Binder Characterization

• Levels 1 and 2: G* 
and d at 10 rad/sec 
(RTFO)

• Level 3: choose 
binder grade 

5

E* for Idaho Superpave Mixes

E* Testing using AMPT Machine
GS Determination from Servopac
Gyratory Compactor data

6
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IDT and Creep Compliance

7

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

• A total 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

8

Traffic Database                   Idaho WIM Sites

RP 211 A, B
Road Map and User Guide
http://itd.idaho.gov/alt-
programs/?target=research-
program

9

RP 253
PCC Materials Database
http://itd.idaho.gov
/alt-
programs/?target=r
esearch-program

10

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

11

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

12
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Coefficient of thermal expansion & Drying shrinkage

• AASHTO T 336-15 

• Two 4 by 8-in cylinders

• Length change to uniform temp 
cycling (condition at 50°F, raise to 
122°F, cool down to 50°F, repeat 

• FHWA Calibration specimen 
tested

13

• ASTM C157

• 2 x 2 x 12-in prisms

• Length change due 
to drying shrinkage

• Moist cure until 28 
days then air cure

• Length 
measurements      
4, 7, 14, 28 days & 
8, 16, 32 and 64 
weeks of air curing

PCC Material Database

14

ITD_ME Database V2.3
https://www.webpages.uidaho.edu/bayomy/ITD_ME-Database.htm

15

RP 263
Mr for Soils and Unbound 
Materials

MR TEST  (Univ of Idaho) MR TEST

MEPDG Model parameters for constitutive 
models for base/subbase materials 
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MR TEST

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

20

Calibration

21

Selected Flexible Pavement 
Sections (34)

Selected Rigid Pavement 
Sections (39)

Selected Section for Flexible and JCPC Pavements

80% of the selected projects were used for calibration 

20% of the selected projects were set aside for 
validation 

ITD District #
Construction 

Year
Route Beg MP End MP

D1

2008 US-95 403.5 408.75
2004 US-95 411.84 415.83
2002 US-95 415.5 421.3
2006 SH-3 76.822 84.201
2013 US-95 477.1 486.36

D2

2008 SH006 100 104.5
2004 SH008 0 1.76
2003 US-95 344 344.57
2007 US-95 319.88 337.67
2008 SH003 5.00 8.5
2011 SH013 11.257 18.711
2010 SH013 18.68 25.378
2005 US-95 277.28 279.1
2010 US 95 64.94 67.14
2011 US 95 0 16.7
2012 US 95 38.4 46.6

D3

2011 SH 55 66.1 80.63
2010 SH 78 0 11.5
2011 SH 51 60 76.9
2011 SH 51 47.7 54.6
2011 SH 78 60 76
2012 SH 55 13.1 18
2012 US 20/26 0 1.58
2012 US 95 47.58 60.87
2012 SH 16 0 13.392
2013 SH 52 14.4 30.42

D4 2000 SH 77 18.5 23
D5 2014 US30 328.6 330.7
D6 2012 US20 328.6 335.7

District #
Construction 

Year
Route Beg MP End MP

D1 2013 SH-3 103.15 111.38

D2 2003 US-95 366.59 373.03

D3 2012 SH 55 113.9 115.9

D3 2010 SH 78 29.1 36.7

D5 2011 SH 55 63.2 66.1

D6 1985 U. S.-20 319.6 331

2
6

Selected Projects for Flexible Pavements

80% of the selected projects were used for calibration 

20% of the selected projects were set aside for 
validation 

ITD District #
Construction 

Year
Route Beg MP End MP

D1 1991 I-90 58.5 62.25

D2

1924 US-95 0.06 0.11
2011 SH008 2.77 3.27
1976 US-95 251.075 261.588
2004 US-12 2.197 2.62

D3

1981 I-84 26.35 28.3
2011 I-84 36 38.7
2009 I-84 41.3 43.8
2004 I-84 49.15 49.73

1996 I-84 49.73 50.21

1972 I-84 58.8 59

2001 I-84 70.1 82.3

1996 I-84 90 94.6

1983 I-84 94.3 103.5

1994 I-84 103.5 109.1

1995 I-84 114.5 121.2

D4 1979 I-84 120.66 127.945

D5

1972 I-15 30.87 36.207

1960 I-86 14.808 25.98

1985 US-91 80.15 81.02

1986 US-91 78.81 79.66

Number
Construction 

Year
Route Beg MP End MP

1 1986 I-86 24.7 -

2 1985 I-215 28.5 -

3 2004 US-12 2.197 2.62

4 1983 I-84 12.6 17.61

5 1995 I-84 109.1 114.5

6 1986 U.S. - 395 26.1 -

7 1979 I-84 120.66 127.95

2
7

Selected Projects for Rigid Pavements
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Source: TAMS and Video Logs (PathView Software)

25

ITD ME-Performance Database
Field and Forensic Investigations 

Example: SH-8 (Moscow)

Field and Forensic Investigations 
Example: SH-8 (Moscow)

ITD ME-Performance Database (Flexible Pavements)

Performance Data for all sections 
along with pavement structure data, 

location map and material 
information (JMF) are all integrated 

and documented in a single database 
for the selected sections for future re-

calibration.

ITD ME-Performance Database (Flexible Pavements)

Performance 
Measurements 

Binder

Properties

Structure

JMF

ITD ME-Performance Database (PCC Pavements)

30

PCC
Performance 

Database
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ITD ME-Performance Database (PCC Pavements)

31

Data Analysis and 
Development of Local 

Calibration Factors

32

Calibration of Performance Models – Flexible Pavements

33

Rutting Model Calibration

∆𝒑(𝒔𝒐𝒊𝒍)= 𝜷𝒔𝟏𝒌𝒔𝟏𝜺𝒗𝒉𝒔𝒐𝒊𝒍 ൬
𝜺𝟎

𝜺𝒓
൰ 𝒆

−ቀ
𝝆
𝒏ቁ

𝜷

 

34

Rutting Model Calibration Example of Data Analysis

35

Trials β1r β1s (coarse) β1s(fine) Bias, err
Standard 
Error, Se

P-value 

NC Factors 0.40 1.00 1.00 -0.0592 0.150 2.74E-06
Trial #1 1.50 1.00 1.00 -6.5 0.210 1.5E-07
Trial #2 1.25 1.00 1.00 -4.47 0.191 5.62E-07
Trial #3 1.00 1.00 1.00 -1.21 0.172 1.13E-06
Trial #4 0.75 1.00 1.00 -0.9 0.165 4.5E-06
Trial #5 0.50 1.00 1.00 -0.21 0.156 7.1E-06
Trial #6 0.25 1.00 1.00 1.4 0.12 4.84E-05
Trial #7 1.25 1.25 1.00 -5.71 0.214 1.17E-07
Trial #8 0.75 0.75 1.00 -0.83 0.158 2.1E-04
Trial #9 0.50 0.50 1.00 -0.11 0.134 4.9E-3

Trial #10 0.25 0.25 1.00 3.4 0.117 1.2E-03
Trial #11 1.25 1.25 1.25 -7.4 0.241 5.48E-07
Trial #12 0.75 0.75 0.75 -0.51 0.146 8.4E-04
Trial #13 0.50 0.50 0.50 1.48 0.128 7.87E-03
Trial #14 0.25 0.75 0.75 0.007 0.114 0.03
Trial #15 0.25 0.50 0.50 3.4 0.105 1.53E-02
Trial #16 0.30 1.00 1.00 -0.02 0.121 8.36E-03
Trial #17 0.30 0.75 1.00 -0.009 0.116 0.08
Trial #18 0.30 1.00 0.75 -0.008 0.115 0.12

Trial #19 0.30 0.86 0.736 0.0002 0.103 0.37
Trial #20 0.30 0.90 0.74 -0.005 0.112 0.24

Rutting Models Calibration - PMED v2.5.3

Calibration 

Factors
β1r β2r β3r

β1s

(Coarse)

β1s

(Fine)

N
Bias, 

er(mean)

Standard 

Error, Se

P-value 

(Paired t-test)

Global 0.4 0.52 1.36 1.00 1.00 123 -0.059 0.15 2.74E-07

Local 0.3 0.52 1.36 0.86 0.736 123 0.0002 0.1 0.49

0
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N Bias, er(mean)

Standard Error, 

Se

P-value 

(Paired t-test)

28 0.0065 0.074 0.33 

0

0.1

0.2

0.3

0.4

0.5
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0.8

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Pr
ed

ic
te

d 
Ru

tt
in

g 
(in

)

Measured Rutting (in)

Total Rutting after Validation Line of Equality

Rutting Models Validation - PMED v2.5.3 Fatigue Models Calibration

𝑵𝒇−𝑯𝑴𝑨 = 𝒌𝒇𝟏(𝑪)(𝑪𝑯)𝜷𝒇𝟏(𝜺𝒕)𝒌𝒇𝟐𝜷𝒇𝟐(𝑬𝑯𝑴𝑨)𝒌𝒇𝟑𝜷𝒇𝟑  

38

Calibration 

Factors
C1 C2: hac<5 in.

C2: hac > 12 

in.

C2: 5in. <= 

hac <= 12 in.
N Bias, er(mean)

Standard 

Error, Se

P-value 

(Paired t-

test)

Global 1.31 2.1585 3.9666 1 70 0.45 1.20 0.001

Local 0.31 1.1585 3.9666 0.2 70 -0.19 1.07 0.18
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Alligator Cracking Models Calibration
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N Bias, er(mean) Standard Error, Se

P-value 

(Paired t-test)

19 -0.36 3.10 0.31

Alligator Cracking Models Validation

Calibration Factors C1 C2 N Bias, er(mean)
Standard 
Error, Se

P-value 
(Paired t-

test)

Global 7.0 3.50 71 132.4 471.7 0.008

Local 3.3 1.0 71 2.3 450 0.48
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Longitudinal Cracking Models Calibration

N Bias, er(mean) Standard Error, Se

P-value 

(Paired t-test)

18 -1.7 518 0.5
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Longitudinal Cracking Models Validation
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Thermal Cracking Model

𝑻𝑪 =  𝜷𝒕𝟏𝑵 ൤
𝟏

𝝈𝒅
𝑳𝒐𝒈 ൬

𝑪𝒅

𝑯𝑯𝑴𝑨
൰൨ 

43

Calibration 

Factors

K (Mean Annual Air Temperature (MAAT) <= 57 

deg F)
N Bias, er(mean) Standard Error, Se

P-value 

(Paired t-test)

Global [3 *10-7*MAAT4.0319]*1 + 0 35 -174.35 746.201 0.03

Local [2.591 *10-7*MAAT4.0319]*1 + 0 35 -0.00029 529.394 0.5
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Transverse (Thermal) Cracking Model 
Calibration

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. 

Transverse (Thermal) Cracking Model 
Validation

Data collected form TAMS Database

IRI Model Calibration

𝐼𝑹𝑰 =  𝑰𝑹𝑰𝒐 + 𝑪𝟏(𝑹𝑫) + 𝑪𝟐(𝑭𝑪𝑻𝒐𝒕𝒂𝒍) + 𝑪𝟑(𝑻𝑪) + 𝑪𝟒(𝑺𝑭) 

46

Calibration 

Factors
C1 C2 C3 C4 N

Bias, 

er(mean)

Standard 

Error, Se

P-value 

(Paired t-test)

Global 40 0.40 0.008 0.015 94 10.3 19.5 2.10E-08

Local 80 0.60 0.008 0.02 94 -1.2 17.5 0.24
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International Roughness Index Model 
(IRI) Calibration
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N Bias, er(mean) Standard Error, Se

P-value 

(Paired t-test)

23 2.8 28.7 0.32

International Roughness Index Model 
(IRI) Validation
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Performance Model Calibration Parameters
Global Factors (as per 

PMED V2.5.3)
Local Factors for Idaho

AC Rutting
β1r 0.4 0.3
β2r 0.52 0.52
β3r 1.36 1.36

Unbound Base Rutting β1s 1.00 0.86
Subgrade Rutting β1s 1.00 0.736

Longitudinal Cracking 
(Top-Down Cracking)

C1 7 3.3
C2 3.5 0.825

Alligator Cracking 
(Bottom-Up Cracking)

C1 1.31 0.31
C2: hac < 5 in.

2.1585 1.1585

C2: hac > 12 in. 3.9666 3.9666

C2: 5in.<= hac <= 12 in. (0.867 + 0.2583 * hac) * 1 (0.867 + 0.2583 * hac) * 0.2

Thermal Cracking (Level 2) K (MAAT <= 57 deg F) [3 *10-7*MAAT4.0319]*1 + 0 [2.591 *10-7*MAAT4.0319]*1 + 0

IRI

C1 40 80
C2 0.4 0.6
C3 0.008 0.008
C4 0.015 0.02

Summary of Flexible Pavement Calibration Factors
PMED_v2.5.3

Calibration of Performance Models – PCC Pavements

50

JPCP Mean Transverse Joint Faulting Model –
Calibration

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.2 0.4 0.6Pr
ed

ic
te

d 
Jo

in
t F

au
lt

in
g 

(in
)

Measured Joint Faulting (in)

Joint Faulting before Calibration Line of Equality

0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.2 0.4 0.6Pr
ed

ic
te

d 
Jo

in
t F

au
lt

in
g 

(in
)

Measured Joint Faulting (in)

Joint Faulting after Calibration Line of Equality

Parameter
Global 

Calibratio
n Factors

N Bias, 
er(mean)

Standar
d Error, 

Se

p-value 
(Paired 
t-test)

F1 0.595

178 -0.725 0.1 0.285

F2 1.636
F3 0.00217
F4 0.00444
F5 250
F6 0.47
F7 7.3
F8 400

Parameter
Local

Calibration 
Factors

N Bias, 
er(mean)

Standard 
Error, Se

p-value 
(Paired t-

test)
F1 0.516

178 0.002 0.093 0.499

F2 1.636
F3 0.00217
F4 0.00444
F5 250
F6 0.47
F7 7.3
F8 400
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N Bias, er(mean)

Standard 

Error, Se

P-value 

(Paired t-

test)

33 -0.214 0.078 0.32

JPCP Mean Transverse Joint Faulting Model –
Validation

Calibration 

Factors
C1 C2 C3 C4 N Bias, er(mean)

Standard 

Error, Se

P-value 

(Paired t-

test)

Global 2 1.22 0.52 -2.17 196 -767.6 18.9 0.002

Local 2.366 1.22 0.52 -2.17 196 -69.02 7 0.258
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JPCP Transverse Slab Cracking Model –
Calibration

Calibration 

Factors J1 J2 J3 J4 N Bias, er(mean))

Standard 

Error, Se

P-value 

(Paired t-

test)

Global 0.8203 0.4417 1.4929 25.24 213 1233.6 31.1 0.003

Local 0.845 0.4417 1.4929 28.24 213 -0.37 25.3 0.5
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N Bias, er(mean) Standard Error, Se

P-value 

(Paired t-test)

59 -11.55 21.04 0.49

5
3

PCC IRI Model – Validation Summary of Rigid JPCP Pavement Calibration Factors
PMED_v2.5.3

Performance 
Model 

Calibration 
Parameters

Global Factors 
(PMED V2.5.3)

Idaho Local 
Calibration Factors

Faulting 

F1 0.595 0.516
F2 1.636 1.636

F3 0.00217 0.00217

F4 0.00444 0.00444

F5 250 250

F6 0.47 0.47

F7 7.3 7.3

F8 400 400

Transverse 
Cracking 

C1 2 2.366
C2 1.22 1.22

C4 0.52 0.52

C5 -2.17 -2.17

IRI
J1 0.8203 0.845
J2 0.4417 0.4417

J3 1.4929 1.4929

J4 25.24 28.24
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