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AASHTOWare Pavement 
ME Design™™ Update

Linda Pierce, NCE
57th Annual Idaho Asphalt Conference
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Discussion Topics

MEPDG & 
Pavement ME 
Design

Software 
updates

What’s next in 
software 
enhancements

Agency 
implementation 
status
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Interim Guide for 
Flexible Pavement 
(1961) Interim 

Guide for 
Rigid 
Pavements 
(1962)

Interim 
Guide for the 
Design of 
Pavements 
(1972) Rigid Design 

Revisions (1981)
s
ss

Guide for the 
Design of 
Pavements (1986)

Guide for the 
Design of 
Pavements (1993)

Rigid 
Supplement 
(1998)

AASHO Road Test

AASHO/AASHTO Pavement Design

40 years

1958 1998

NCHRP 1-37A

• 1998-2004
• Develop guide & software
• New & rehabilitated pavements
• Mechanistic-empirical based models
• Similar inputs

- Traffic
- Climate
- Materials

Estimate damage & 
predict performance
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Design/Analysis Overview

TRIAL 
DESIGN

Pavement 
Response Model

Damage 
Accumulation

Damage/IRI 
Model

Meet 
Performance 

Criteria?

YES

Build itBBBBBBBBBBBBBBBBBBBuuuuuuuuuuuuuuuuuuuuuiiiiiiiiiiiiiiiiiiiilllllllllllllllldddddddddddddddddddddddd iiiiiiiiiiiiiiiiiiiiiittttttttttttttttttttttTran. Crack

Long. Crack

Allig. Crack

Rutting

IRI

INPUTS
Performance 
Criteria

Climate

Materials

Traffic

Pavement 
Structure

NO

Modify Design

Pavement Types

• Asphalt
- New construction
- Asphalt overlay
- Concrete overlay

• Semi-Rigid
- New asphalt over 

chemically 
stabilized base

- Asphalt overlay

• Rigid
- New jointed plain
- New continuously 

reinforced
- Asphalt overlay
- Concrete overlay 

o Bonded
o Unbonded
o Short jointed

57th Idaho Asphalt Conference, October 26, 2017

3



Hierarchical Input Levels

• Level 1
- Based on measured values

• Level 2
- Limited test results & correlations

• Level 3
- Regional averages or expert opinion

Analysis is the same 
regardless of input level

Reliability

Probability that the predicted distress 
will be less than the critical distress 
over the design period

Load Applications

P
re

di
ct

ed
 D

is
tre

ss

Initial

Average

Failure

Probability of 
Failure ( )

Reliability 
(1- )

Prediction at 
50 percent
reliability

Prediction at 
user specified 
reliability level

Functional 
Class Urban Rural

Interstate 95 95
Principal Arterial 90 85
Collector 80 75
Local 75 70
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Traffic Characterization

• Axle load spectra
- Class 4+ vehicles
- Axle configuration
- Axle weight

• Data collection
- Weigh-in-Motion
- Automated Vehicle

Classification
- Vehicle Count

Asphalt Materials

• Layer thickness
• Air voids
• Effective binder 

content
• Poisson’s ratio
• Unit weight
• Binder type

- PG, viscosity, or 
penetration grade

• Creep compliance
• Dynamic modulus
• Reference 

temperature
• Indirect tensile 

strength
- Correlated (level 3)

• Heat capacity
• Thermal conductivity

Input Levels 1-3
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Concrete Materials

• Thickness
• Poisson’s ratio
• Unit weight
• Coefficient of 

thermal expansion
• Heat capacity
• Thermal 

conductivity
• Aggregate type

• Cementitious content
• Cement type
• Water/cement ratio
• Curing method
• Reversible shrinkage
• Zero-stress temp.
• Time 50% shrinkage
• Ultimate shrinkage
• Strength

Input Levels 1-3

Base Material Types

• Asphalt
• Concrete
• Chemically 

stabilized
- Cement
- Lime cement
- Lime fly ash
- Lime stabilized
- Soil cement

• Sandwiched granular
• Non-stabilized

- A-1-a to A-3
- RAP (plant & in-place)
- Crushed gravel
- Crushed stone
- Permeable aggregate
- River-run gravel
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Base Materials

• Thickness
• Poisson’s ratio
• Coefficient of lateral earth pressure
• Resilient modulus
• Gradation
• Plasticity Index
• Liquid Limit

Foundation

Type
• Subgrade

- A-1-a to A-7-6
• Bedrock

- Highly fractured & 
weathered

- Massive continuous

Inputs
• Thickness
• Poisson’s ratio
• Coefficient of lateral 

earth pressure
• Resilient modulus
• Gradation, PI, PL
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Climate

• Temperature
- Asphalt

o Fatigue cracking, 
thermal cracking, & 
rutting

- Concrete
o Slab cracking & 

faulting (JPCP) & 
punchouts (CRCP)

• Freeze/Thaw
- JPCP performance

• Relative Humidity
- Moisture gradients 

JPCP & CRCP
• Seasonal Variation

- Resilient modulus
• Moisture Content

- Rutting unbound
layers

Performance Prediction

• Asphalt
- IRI
- Rutting
- Cracking

• Semi-Rigid
- IRI
- Rutting
- Cracking 

• Plain Jointed Concrete
- IRI
- Slab cracking
- Faulting

• Continuously 
Reinforced Concrete
- IRI
- Punchouts

• Predict performance at any point in time

Top down
Fatigue
Thermal

Reflection
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Characterizing Existing

• Pavement condition surveys
• Core samples

- condition, thickness, material testing
• Soil borings

- Subgrade modulus, depth to stiff layer
• Other

- Ground penetrating radar, seismic 
analysis of surface waves, impact echo

Local Calibration

Local Materials

Local Climate

Local Traffic

Other Local Inputs

ME Analysis

Predict Distress 
Profile

Within 
tolerance

?

Adjust Calibration 
Factors

End

Measured 
Distresses

No

Yes
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AASHTO Products

• Manual of Practice
• Calibration Guide
• Software

Software Updates

• 2015 (v2.2)
- Drainage Requirements in Pavements
- MapME
- Level 1, 2, & 3 inputs applicable for PCC 

& AC overlays of asphalt pavements
- Reflection cracking model
- Concrete pavement global re-calibration
- Plastic deformation for each asphalt 

layer
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Software Updates (continued)

• 2016 (v2.3)
- Code modernization & review
- Technical audit
- Bonded concrete overlay design
- North American Regional Re-analysis 

climate database
o 1083 locations
o 37 years continuous data

Software Updates (continued)

• 2017 (v2.4)
- Correct unbound layer rutting model
- Backcalculation tool

o Pre-processing
o Stiffness value determination
o Post processing results

- Revisions based on technical audit

57th Idaho Asphalt Conference, October 26, 2017
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Software Updates (continued)

• January 2018 (v2.5)
- Manual of Practice integration
- Tran. crack access to inputs/outputs
- Access to dynamic modulus calculations 
- Modern-Era Retrospective Analysis for 

Research & Applications data
o Continuous hourly estimate of all climate-

related data (NASA)
- Re-calibrate flexible & semi-rigid models

LTPP vs MERRA

MERRA grid pointsPaveME weather
database 31 mi x 37 mi grid

57th Idaho Asphalt Conference, October 26, 2017
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Software Updates (continued)

• July 2018 (v2.6)
- Report customization 
- Input comparison filter tool
- Maintenance strategy tool

Concrete Pavements
Diamond grinding
Thin/ultra thin overlays

Asphalt Pavements
Cold milling
Microsurfacing
Thin/ultra thin overlays
Hot in-place recycling- Level 1 tensile strength

o Transverse crack prediction

What’s Next?

• Influence of Geosynthetics on 
Pavement Performance 
(NCHRP 1-50)
- Unbound base

layers
- Planned for

FY 2019

57th Idaho Asphalt Conference, October 26, 2017
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What’s Next? (continued)

• Slab/Underlying Layer Interaction in 
Concrete Pavements (NCHRP 1-51)

- Planned for FY 2019

What’s Next? (continued)

• Top-Down Cracking in Asphalt 
Pavements (NCHRP 1-52)
- Anticipated

completion by
end of 2017

- Planned for
FY 2019

57th Idaho Asphalt Conference, October 26, 2017
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What’s Next? (continued)

• Automated Local Calibration Tool
- Significant agency challenge (time & $)

o Section selection and data assembly
o Potentially thousands of software iterations

- Planned for FY 2019

What’s Next? (continued)

• Material Properties of CIP & Full-
Depth Reclamation (NCHRP 9-51)
- Software Addendum planned after 

release of final report

57th Idaho Asphalt Conference, October 26, 2017
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What’s Next? (continued)

• Influence of Subgrade/Unbound 
Layers (NCHRP 1-53)
- Anticipated completion June 2018
- Planned for FY 2020

Testing Existing
Pavements

Property

Implementation Status

VT

MT

HI

WI

MS

PA

TN

CT

LA

WA

MN

AK

OH
NJ

OK

CA

DE

NM

UT

MI

TX
(Asphalt Only)

NY

NC

SD

KS
KY

NE

CO

MO

MA

AL

DC

FL

MD

IL

ID

RIWY

OR

IA

SC

AZ

IN

VA

GA

AR

NV

WV

ND

Implemented Asphalt Only

VT

ME

NH

Implemented

Implemented Concrete Only

Evaluating

No plans to implement

57th Idaho Asphalt Conference, October 26, 2017
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Input Levels

0

5

10

15

20

Truck
Volume

Dist

Lane/Dir
Dist

Axle Load
Dist

Subgrade
Modulus

Unbound
Base

Modulus

Chem Stab
Layer

Modululs

Existing
Pvmt Moduli

N
o.

 o
f R

es
po

ns
es

No Repsonse Level 1 Level 2 Level 3

Input Levels (continued)

0

5

10

15

20

HMA Dynamic
Modulus

HMA
Creep/Tensile

Strength

HMA
Volumetrics

PCC Elastic
Modulus

PCC Flexural
Strength

PCC CTE

N
o.

 o
f R

es
po

ns
es

Level 1 Level 2 Level 3
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Performance Thresholds

0

2

4

6

8

101-125 126-150 151-175 176-200 TBD NA

N
o.

 o
f R

es
po

ns
es

IRI Range (inch/mile)

Asphalt Concrete

Thresholds (continued)

0

2

4

6

8

10

< 5 6-10 11-15 16-20 TBD

N
o.

 o
f R

es
po

ns
es

% Area (asphalt) or % Slabs (concrete)

Fatigue cracking Slab cracking
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Thresholds (continued)

0

2

4

6

8

10

12

- ¼ ¼ - - ½ ½- - ¾ TBD

N
o.

 o
f R

es
po

ns
es

Rut Depth or Faulting (inch)

Rutting Faulting

Implementation Challenges

• Local calibration
• Designing pavements with features 

not included or have not been 
calibrated

• Material characterization (all layers)
• Traffic characterization
• Availability of performance data to 

verify/calibrate prediction models

57th Idaho Asphalt Conference, October 26, 2017

19



User Group Meeting

• FHWA Transportation Pooled Fund
- Conduct meetings

o Information sharing
o Identify implementation issues
o Identify research needs
o Organize regional/national implementation 

efforts

User Group Meeting (continued)

• Annual Meeting Dates
1. December 14-15, 2016 - Indianapolis
2. October 11-12, 2017 - Denver
3. Sep/Oct/Nov 2018 - Nashville

http://www.pooledfund.org/
Details/Study/549

57th Idaho Asphalt Conference, October 26, 2017

20



Questions?

Linda Pierce
Principal
lpierce@ncenet.com
505.603.7993

57th Idaho Asphalt Conference, October 26, 2017
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Idaho Asphalt Conference
Moscow, Idaho

October 26, 2017 

Center for Accelerating Innovation 

FHWA Office of Innovative Program Delivery 
Mission
Improve transportation performance by driving 
innovation into action through partnerships, 
technology development, and capacity building

Foster a Culture of Innovation

https://www.fhwa.dot.gov/innovativeprograms/

57th Idaho Asphalt Conference_Oct 26, 2017
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Center for Accelerating Innovation 

OIPD Centers

Tony Furst
Chief Innovation 

Officer

Center for Accelerating 
Innovation

(CAI)

Center for Innovative 
Finance Support

(CIF$)

Center for
Transportation 

Workforce 
Development

(CTWD)

Center for Local
Aid Support

(CLAS)

Robert Ritter
Managing Director

nter for

4

Tom Harman, Director

Accelerates implementation and delivery of new innovations and Accelerates implementation and delivery of ne
technologies at the national and local levels

• Facilitates rapid deployment of innovation in the transportation Facilitates rapid deploym
community through the

ment of innovation in the transym
ee Every Day Counts initiative; 

• F
mmunity through thecom

FFosters & supports the
Every Day Counts initiative; Eee E

eee State Transportation Innovation F sters & sos
Councils'

supports thee State TranS& s
ss' national network; and 

• S
uncilss national network; and nCou

SSupports innovation through the
 
ee Accelerated Innovation S pports innoup

Deployment
ovation through tno

tt grant program.
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National STIC Network

Represents multiple Represents multiple R
stakeholders from the  holders from the  holders from the

transportation p
community 

comprehensively and mprehensively and com
strategically considers all gically considers all rateggically considers allrateg

sources of innovation

6
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7

Stakeholder-based model to identify and 
rapidly deploy proven innovations

8

Jan 2017 Jan 2019

6-month Progress Reports

EDC-4 (In progress)

Aug -
Sept

Oct -
Nov EDC-5Nov -

Dec
Jan -
May

Final 
Report

Baseline 
Report

Jan 2018

Jan

Jan 2021

57th Idaho Asphalt Conference_Oct 26, 2017
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Multidisciplinary deployment teams:

Assist states to finalize implementation plans

Provide technical assistance and support:

• Training
• Webinars and workshops
• Demonstrations 
• Peer exchanges
• Case studies
• Guidance and specifications

10

FHWA monitors and reports on state-of-the-practice 
and successes in accelerating innovations:

Website
EDC News (weekly e-newsletter)
Innovator (bi-monthly e-newsletter)
EDC Progress reports
Articles
Videos

Institutionalized
Assessment
Demonstration
Development
Not Implementing

57th Idaho Asphalt Conference_Oct 26, 2017
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EDC-1 (2011-2012)

EDC-2 (2013-2014)

EDC-3 (2015-2016)

- 14 innovations

- 13 innovations (3 from EDC-1)

- 11 innovations (1 from EDC-2)

Accelerating deployment of 43 innovations

EDC-4 (2017-2018)
- 11 innovations (2 from EDC-3)

Achievements:

57th Idaho Asphalt Conference_Oct 26, 2017
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“Mission Accomplished” 

EDCC-C-4
(201777-

CCC 44DED
77--2018)

57th Idaho Asphalt Conference_Oct 26, 2017
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Benefits to Using a Wholee-e-Life Approach to Pavement nefits to Using a Wholee ife Approach to PavemeLiL
Preservation Project and Treatment Selection

Pavement Preservation: When and Where

1
5

16

Pavement Preservation:  
When and Where
Vision

• Focus the use of preservation to promote effective 
strategies that reduce the annual cost of managing the 
pavement network at acceptable performance levels.

Mission
• Provide guidance and implementation tools that

Assist agencies in selecting cost-effective pavement 
preservation projects that sustain pavement performance 
programs
Demonstrate the cost savings and other benefits that can 
be realized through effective pavement preservation 
programs
Facilitate accelerated national deployment of proven 
practices that support inclusion of pavement preservation as 
an asset management strategy.

57th Idaho Asphalt Conference_Oct 26, 2017
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National Goal
By the end of the project, at least 10 of the 
States or local agencies that have requested 
assistance have institutionalized policies 
governing the selection of pavement 
preservation projects to support sustainable 
pavement performance.

1
8

States Requesting Assistance

CA

NV

OR

WA

ID

UT

AZ
NM

CO

WY

MT ND

SD

NE

KS

OK

TX LA

AR

MO

IA

MN

WI

IL

MS AL GA

TN

KY

IN

MI

OH

WV
VA

NC

SC

PA

NY

FL

VT

NJ
CT

RI

MA

ME
NH

MD

DE

Alaska

Hawaii

DC

PR

VI

Requested Assistance

No Assistance Requested

No Response

FLH

57th Idaho Asphalt Conference_Oct 26, 2017
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• Performance-based investment decisions
• Development of a 10-year Transportation 

Asset Management Plan
• Includes consideration of life cycle planning & 

risk
• Sets minimum standards for the use of 

pavement management systems
• Links investments to performance targets

• Shifting from a worst-first strategy when 
funding is tight

• Agencies tend to fight fires

• Availability of qualified contractors, 
strong construction practices, & good 
candidates for preservation treatments

• Quantifying the benefits to pavement 
preservation

• Lack of adequate distress information
• Inconsistency in terminology
• Inconsistencies in treatment use

57th Idaho Asphalt Conference_Oct 26, 2017
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• Aligning District/Region project selection with 
agency performance targets

• Inconsistencies across the state
• Project selection may or may not lead to 

statewide goals
• Allocating funding based on need (i.e., 

conditions)
• Districts or Regions using preservation are 

penalized

21

A whole life approach 
reduces the annual cost 
of preservation, which 
allows agencies to 
redirect available funding 
to other agency priorities

Increased 
investments in

Allowed the Ohio 
DOT to redirect

$300M over 
6 years to other 
pavement, bridge, & 
culvert priorities

Graphic: Ohio DOT

57th Idaho Asphalt Conference_Oct 26, 2017
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The development of a 
network-level
preservation strategy 
helps ensure 
agencies will meet 
performance targets

Source: Ohio DOT

Additional Benefits
• Building workforce competencies helps ensure the 

success of the new way of doing businessdoing business

Source: Ohio DOT

57th Idaho Asphalt Conference_Oct 26, 2017
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• Selection Guide
• Analysis Tool
• Peer-to-Peer 

Exchanges
• Communications 

Plan
• Asset Management

Strategy Guidance
• Cost Effectiveness 

Metrics

Pavement Preservation – How

26
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Flexible Pavements
• Micro surfacing
• Chip Seal
• Slurry Seal/Scrub 
Seal

• Ultrathin bonded       
wearing course

Rigid Pavements
• Diamond grinding
• Partial-depth repair
• Full-depth repair
• Dowel bar 

retrofit/cross stitching

• Peer-to-Peer Exchanges
Share experiences and collect specifications

• Update Pavement Preservation Checklists 
• Develop and Deliver Web-based Training

Flexible and Rigid Pavements 
• Develop Best Practice Technology Briefs
• Videos Highlighting 

Best Practices

28
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Pavement Preservation

Pavement Preservation

57th Idaho Asphalt Conference_Oct 26, 2017
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EDC Timetables

31

Jan 2017 Jan 2019

6-month Progress Reports

EDC-4 (In progress)

Aug -
Sept

Oct -
Nov EDC-5Nov -

Dec
Jan -
May

Final 
Report

Baseline 
Report

Jan 2018

Jan

Jan 2021

Technical Contacts:
Pavement Preservation 
When and Where

Thomas Van
FHWA Office of 
Infrastructure 

Thomas.Van@dot.gov

Pavement Preservation 
When and Where

Steve Gaj
FHWA Office of 
Infrastructure 

Stephen.Gaj@dot.gov

Pavement Preservation
When and Where

Jason Dietz
FHWA Resource Center

Jason.Dietz@dot.gov

Pavement Preservation
How

James Gray
FHWA Office of 
Infrastructure 

James.Gray@dot.gov

57th Idaho Asphalt Conference_Oct 26, 2017
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Thank You!!!
Jeff Zaharewicz
Senior Advisor  

FHWA Center for Accelerating Innovation  
(202) 366-1325

Jeffrey.Zaharewicz@dot.gov

57th Idaho Asphalt Conference_Oct 26, 2017
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Determining the Correct Mixing and Compaction 
Temperatures for Using High RAP Content in HMA

Huachun Zhai, Ph.D, P.E.
Alejandro Rosales

Erin L. Russell

1. Introduction

2. Objectives

3. Material and Test Methods

4. Results and Discussion

5. Summary of Findings

2017 Idaho Asphalt Conference

10/26/2017 2
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Introduction

2017 Idaho Asphalt Conference

• Significant increase in RAP% in HMA designs in Northwest region

• Washington: Less than 20% in 2014 to amount allowed to meet the target PG grade (Based on
Blending Chart)

• Target PG 70-28, RAP grade PG 88.7-16.5

• 20% RAP: PG 65.8-30.8; 40% RAP: PG 59.8-35.7

• Idaho: Open the 20% limit in 2014 to basically 100% Cap at 30% currently

• Based on Blending Chart to the designed grade

• ODOT: 20% RAP and RAS Combined. Pushing for up to 40%.

Introduction

10/26/2017 4
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2017 Idaho Asphalt Conference

Introduction
• Problems

• Too many different low temperature grades

• PG 52-34, PG 52-40, PG 58-40, PG 64-40, PG 70-34,
PG 76-34, etc

• Mix Design Failures (Repeatability)

• Hamburg (Washington)

• Stripping Inflection Point

• No stripping at 15,000 passes

• Rut Depth

• 10 mm at 15,000 passes

• Immersion-Compression Test (Idaho)

• 85% Retained Strength

10/26/2017 Joe Devol, Presentation at 2014 Washington Asphalt Conference 5

2017 Idaho Asphalt Conference

Introduction

10/26/2017 6

• Current Solutions (It is always the oil):

• Adding antistrip ( up to 1.5%)

• Changing grade

• Changing formulation

• Changing Supplier

• Possible Causes: (It is not always the oil)

• RAP quality (Source/Grade/Gradation)

• Interaction between RAP and Virgin Oil (Coating)

57th Idaho Asphalt Conference, October 26, 2017
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• Coating of the Agg/RAP

• Not enough binder Need more virgin binder

• Mixing and Compaction (Temperatures too low)

• The mixing and compaction temperatures

• The virgin binder (Low) NCHRP 452

• The blended virgin/RAP binder (Medium)

• The RAP binder (High)

2017 Idaho Asphalt Conference

Introduction

10/26/2017 7

Objectives

57th Idaho Asphalt Conference, October 26, 2017
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2017 Idaho Asphalt Conference

Objectives

10/26/2017 9

• Will higher mixing and compaction temperatures affect the OAC for HMA using RAP ?

• NCHRP 9-36: SGC compaction process is insensitive to binder stiffness

• FHWA/TX-11/0-6092-2: Increasing the mixing and compaction temperatures significantly lowers
the OAC

• Will higher mixing and compaction temperatures affect the mechanical properties for HMA using RAP ?

• NCHRP 9-36: Mechanical tests on HMA are affected by mixing and compaction temperatures

• FHWA/TX-11/0-6092-2: Lower temperature higher OAC More Durable Mixes

Materials and Test Methods

57th Idaho Asphalt Conference, October 26, 2017
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2017 Idaho Asphalt Conference

Materials and Test Methods

10/26/2017 11

Sieve Size B Pile (45%) C Pile (55%) Combined
Mesh (mm) 45.0% 55.0% 100.0%
1-1/2" 37.5 100% 100% 100%

1" 25.0 100% 100% 100%
3/4" 19.0 100% 100% 100%
1/2" 12.5 88% 100% 95%
3/8 9.5 62% 100% 83%
#4 4.75 7% 93% 54%
#8 2.36 2% 71% 40%

#16 1.18 2% 52% 30%
#30 0.6 2% 36% 21%
#50 0.33 1% 23% 13%

#100 0.15 1% 14% 8%
#200 0.075 1.1% 8.3% 5.1%

• Materials
• Aggregate:
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• RAP :
• RAP was made by blending 4.5% RAP Asphalt with the same

aggregate
• RAP Asphalt: PG64-22 after 40 hrs PAV
• To eliminate the variances in RAP source and binders
• RAP Contents: 0%, 15% and 30%

• Virgin Binders:
• PG52-34 (Neat Asphalt)
• PG64-28ER (SBS modified asphalt)

2017 Idaho Asphalt Conference

Materials and Test Methods

10/26/2017 13

Sieve Size RAP
Mesh (mm)
1-1/2" 37.5 100%

1" 25.0 100%
3/4" 19.0 100%
1/2" 12.5 91%
3/8 9.5 74%
#4 4.75 43%
#8 2.36 21%

#16 1.18 6%
#30 0.6 1%
#50 0.33 0%

#100 0.15 0%
#200 0.075 0.1%

Neat Asphalt 15% RAP 30% RAP
4.0% 4.7% 5.4%
4.5% 5.2% 5.9%
5.0% 5.7% 6.4%
5.5% 6.2% 6.9%

2017 Idaho Asphalt Conference

Materials and Test Methods

10/26/2017 14

RAP PG 52-34 PG 64-28ER
HT 90.7 54.0 68.8
LT -22 -35.4 -30.7

PG 52-34 PG 64-28ER
15% RAP 30% RAP 15% RAP 30% RAP

HT 59.5 65.01 72.0 75.4
LT -33.3 -31.38 -29.3 -28.1

PG Grade PG 58-28 PG 64-28 PG 70-28 PG 76-28*

57th Idaho Asphalt Conference, October 26, 2017
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Materials and Test Methods
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Mixing Temp Compaction Temp
PG 52-34 143°C (289°F) 132°C (270°F)
PG 64-28 160°C (320°F) 145°C (293°F)
PG 76-28 169°C (336°F) 153°C (307°F)

RAP 177°C (350°F) 169°C (337°F)

Results and Discussion

57th Idaho Asphalt Conference, October 26, 2017
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Results and Discussion
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y = -3.3302x + 25.095
R² = 0.9917

y = -4.314x + 29.658
R² = 0.9993
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• Control (PG 52-34) 177-169 143-132
6.3% 5.9%

2017 Idaho Asphalt Conference

Results and Discussion
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• Control (PG 64-28ER) 177-169 160-145
6.0% 6.0%

y = -2.8981x + 21.405
R² = 0.9953

y = -3.0518x + 22.217
R² = 0.9951
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Results and Discussion
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PG52-34 PG64-28ER
135°C 235 mPas 624 mPas
150°C 127 mPas 326 mPas
165°C 69 mPas 186 mPas

• Absorption:
• At 177C, PG52-34 viscosity around 40 mPas; PG64-28ER, 123 mPas

• Polymer network may limited the extend of absorption.

2017 Idaho Asphalt ConferenceResults and Discussion
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y = -3.12x + 23.476
R² = 0.9901

y = -3.0938x + 23.764
R² = 0.9597
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y = -3.2953x + 24.346
R² = 0.978

y = -4.5589x + 32.41
R² = 0.9972

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

10.0

3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5

%
 V

TM

% AC

PG 64-28ER 15% RAP 177-169 PG 64-28ER 30% RAP 177-169 PG64-28ER 0% RAP
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6.0% 6.2% 6.2%
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Results and Discussion
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RAP % has no effect on OAC (Total AC) at temperatures between 
Neat and target PG 

PG52-34 PG64-28ER

Temp 0 15 30 Temp 0 15 30

177/169 6.3 6.2 6.4 177/169 6.0 6.2 6.2

160/145 N/A 5.8 5.9 169/153 N/A 6.1 6.3

143/132 5.9 5.9 6.0 160/145 6.0 6.1 6.1

57th Idaho Asphalt Conference, October 26, 2017
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Results and Discussion

10/26/2017 23

Number of Gyration to achieve 92% Gmm. Not much difference at different
compaction temperatures, asphalt type or RAP%. 

PG52-34 PG64-28ER

Temp 0% 15% 30% Temp 0% 15% 30%

177/169 28 24 24 177/169 22 18 23

160/145 N/A 25 28 169/153 N/A 23 22

143/132 25 24 26 160/145 21 18 25

2017 Idaho Asphalt Conference

Results and Discussion

10/26/2017 24

Summary:
• Will higher mixing and compaction temperatures affect the OAC for HMA using RAP ?

• Depends on the grade of the virgin binder and how high the temperatures are.

• For regular grade, we can consider that the OAC to be the same between Virgin Binder
range to target PG grade range

57th Idaho Asphalt Conference, October 26, 2017
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Results and Discussion

Performance Testing: Hamburg

2017 Idaho Asphalt Conference
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Performance Testing: Hamburg

James Cox & Sons, Hamburg Wheel Tracker
Mike Anderson AI Presentation Spring 2002 Meeting, Houston, TX

62.0 mm

AASHTO T324

• 62.0 mm height
• 150 mm diameter
• 7.0%±1.0% air voids

Stripping Slope

Rutting Slope

Inflection Point

Load Cycles

Ru
t D

ep
th

• Minimum Criteria WSDOT
• 50°C 
• 10 mm Rut Depth at 

15,000 passes
• No stripping at 

15,000 passes

57th Idaho Asphalt Conference, October 26, 2017
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177-169°C 143-132°C
Passes 0% RAP 15% RAP 30% RAP 0% RAP 15% RAP 30% RAP
5000 -10.39 -4.46 -2.92 -12.06 -13.67 -13.67

10000 -12.47 -9.70 -3.66 -12.07 -13.68 -13.68
15000 -12.76 -4.36
20000 -12.79 -5.22

PG 52-34

Performance Testing: Hamburg
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Performance Testing: Hamburg
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Performance Testing: Hamburg

PG 52-34 0%RAP 143-132°C PG 52-34 0%RAP 177-169°C 

2017 Idaho Asphalt Conference
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177-169°C 160-145°C
Passes 0% RAP 15% RAP 30% RAP 0% RAP 15% RAP 30% RAP
5000 -3.10 -2.36 -2.49 -3.48 -3.26 -2.66

10000 -5.38 -2.90 -2.93 -4.76 -4.57 -3.42
15000 -7.53 -3.25 -3.22 -6.37 -6.36 -4.58
20000 -9.01 -3.54 -3.49 -9.40 -8.34 -5.95

PG 64-28ER

Performance Testing: Hamburg
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Performance Testing: Hamburg
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Performance Testing: Hamburg

PG 64-28ER 0%RAP 177-169°C PG 64-28ER 15%RAP 177-169°C PG 64-28ER 30%RAP 177-169°C 
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Performance Testing: Hamburg

PG 64-28ER 0%RAP 160-145°C PG 64-28ER 15%RAP 160-145°C PG 64-28ER 30%RAP 160-145°C 
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Performance Testing: Hamburg

30% RAP
177-169°C 169-153°C 160-145°C

5000 -2.49 -2.50 -2.66
10000 -2.93 -2.97 -3.42
15000 -3.22 -3.29 -4.58
20000 -3.49 -3.59 -5.95

PG 64-28ER
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Performance Testing: Hamburg
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Performance Testing: Hamburg

PG 64-28ER 30%RAP 160-145°C PG 64-28ER 30%RAP 177-169°C PG 64-28ER 30%RAP 169-153°C 
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Results and Discussion

Performance Testing: Tensile Strength Ratio

2017 Idaho Asphalt Conference

Results and Discussion
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Performance Testing: Tensile Strength Ratio AASHTO T283 (Modified Lottman Test)
• Method 1: Freeze Thaw Cycle
• Method 2: No Freeze Thaw Cycle
• 3 Samples prepared for each condition

Te
ns

ile
 Lo

ad
 (l

bf
)

Time (sec)

Peak Load at Failure

S=
S= ( )
P= ( )
D= ( )t= ( )

• Method 1: Freeze Thaw Cycle
• 70%-80% Vacuum Saturation
• 16 hr -18°C Freeze Cycle
• 24 hr 60°C Thaw Cycle
• 2 hr 25°C Equilibration Cycle

• Method 2: No Freeze Thaw Cycle
• 70%-80% Vacuum Saturation
• 24 hr 60°C Conditioning Cycle
• 2 hr 25°C Equilibration Cycle

Loading Rate: 2 in/min (50 mm/min)

(%) = ,,

Minimum TSR value 80%
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Performance Testing: TSR
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Performance Testing: TSR
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Performance Testing: TSR
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Performance Testing: TSR
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Results and Discussion

Performance Testing: Immersion Compression
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Results and Discussion
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Performance Testing: Immersion Compression
AASHTO T165/T167
ASTM D1074/1075

Co
m

pr
es

siv
e 

Lo
ad

 (l
bf

)

Time (sec)

Peak Load at Failure

Loading Rate: 0.2 in/min (5.08 mm/min)

• Set of 3 samples for each 
condition are prepared

• Wet sample conditioned at 
60°C (140°F) for 24 hrs

• Wet sample is transferred to 
25°C (77°F) for 2 hrs

• Dry sample conditioned at 
25°C (77°F) air bath for 4 hrs

=
= ( )= ( )

Minimum IC Ratio value 85% (ITD)

(%) = ,,
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Performance Testing: Immersion Compression
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Performance Testing: Immersion Compression
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Performance Testing: Immersion Compression
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Performance Testing: Immersion Compression
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Summary of Findings

2017 Idaho Asphalt Conference

10/26/2017 50

• Hamburg

• Higher mixing and compaction temperatures lead to less rutting

• Not necessary to target RAP temperature

• Data suggests Target Blend yields same results

• Tensile Strength Ratio (TSR)

• Higher mixing and compaction temperatures leads to higher tensile strength

• Mixtures at higher mixing and compaction temperatures have higher tensile strength ratios

• Target PG Blend yields better results

• Immersion Compression (IC)

• Higher mixing and compaction temperatures yield higher compressive strength

• Compressive strength ratios were higher when mix and compacted at hotter temperatures

• Target PG Blend yielded same if not better results than hottest temperature

Summary of Findings

57th Idaho Asphalt Conference, October 26, 2017
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2017 Idaho Asphalt Conference

Summary of Findings
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• Will higher mixing and compaction temperatures affect the mechanical properties for HMA using
RAP ?

• Yes. Higher temperatures less Distresses (Rut and Stripping)

• We should target the mixing and compact temperatures of final/blend PG grade.

2017 Idaho Asphalt Conference

Going Forward

10/26/2017 52

• Finish performance tests at target blend temperature

• Include testing with other asphalt grades

• Include other types of polymers

• Investigate the effect of Warm Mix Additives and temperature on mixture performance

• Include higher RAP content (50% RAP)

• Include field RAP

• Investigate Viscosity Temperature Curve

• Recommended minimum viscosity to achieve better mixture performance

57th Idaho Asphalt Conference, October 26, 2017
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Questions?
Contact:
Huachun Zhai, Ph.D., P.E.
hzhai@idahoasphalt.com

Alejandro Rosales
arosales@idahoasphalt.com
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TThe Chip Seal Process and 
WWhy we do it that way

Stephen Van De Bogert
Western States Asphalt

Standard Chip Seal:
Spray Emulsion Binder, Drop the Chips, Roll 3 times, let it 
cure overnight, Sweep away the excess

57th Idaho Asphalt Conference, October 26, 2017
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Key Elements of the Process
• Design ( McCleod)

• Application rates
• Rock Requirements

• Rolling
• Using Choke
• Fogging
• The Importance of time and when to seal 

• Don’t forget the road needs to be prepped and 
clean

Why do a chip seal design before 
starting
• Proper chip embedment is critical to seal success

• Too little and we loose rock
• Too much and we flush loosing skid resistance

• Chip embedment is affected by binder application 
rate as well as traffic load and road condition.

• A good chipseal design will give you the right 
emulsion and aggregate rates to give the seal 
proper chip embedment

57th Idaho Asphalt Conference, October 26, 2017
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• Chip Seal Design Program 
http://www.dot.state.mn.us/materia
ls/researchsealcoat.html

• Minnesota Seal Coat Handbook
http://www.lrrb.org/pdf/200634.pdf

Reference Sources

Chip Seal Design Method
• What should this design method do?

• 1.  Give amount of aggregate needed to cover 1 
sq. yd² a single stone thick (Extra is wasted)

• 2.  Give starting binder application rate
• Starting rate would yield approximately 70% 

embedment
• Must adjust for current conditions of pavement

• Recommendations for the crew to use to 
help adjust for different traffic levels and 
pavement conditions

57th Idaho Asphalt Conference, October 26, 2017
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Tests run on Aggregate for 
design 
• Gradation – Binder ; for embedment
• Loose Unit Weight – To Calc. Voids / room for 

binder
• Specific Gravity – To Calc. Voids 
• Absorption – Binder; for loss in absorb.
• Flakiness Index- Binder; for functional embedment.  

How high will the chips sit up when finally 
embedded. 

Precision is the Key to Success

• The higher the number of sieves used to grade the 
material the more accurate the design.

• The more cubical the rock the more precise the 
design.

• Accurate traffic count. 
• Accurate Road evaluation.

57th Idaho Asphalt Conference, October 26, 2017
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Adding one more sieve increases accuracy
Median is more accurately shown to be 0.3 in.
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Know Your Pavement Condition
“Flushed Pavement” vs. “Badly Pocked Porous and 
Oxidized” and everything in between

Won’t absorb any of the binder Will absorb a lot of the binder

We need that Traffic Count

• We need the traffic count on the roads to be sealed 
• Higher traffic compacts rock more
• Lower traffic compacts rock less
• Just like we need that info for hotmix paving

57th Idaho Asphalt Conference, October 26, 2017

6



McLeod Emulsion Calculation
• B(G/SqYd)=((2.244 x Ave Least Dimension x Traffic 

Factor x Voids in loose Agg) + Surface Condition 
factor + Agg Absorb Factor) / Residual Asphalt 
Content of Binder .  For Wheel Paths

• Then same calc on Median Rock Size instead of 
Average Least Dimension.  For Non Wheel Paths

• Average the two.
• Only need calc on Median Rock Size if rock is very 

cubical.  
• May not need to average if we can improve non -

wheel path embedment.  - Later in talk!

0.26
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0.32
0.33
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TRAFFIC VOLUME (ADT)

Ba00-0222 for TH 44

Badly pocked, porous, and oxidized

Slightly pocked, porous, and oxidized

Slightly porous, and oxidized
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H Ave Least Dimension 0.294 Flakiness ratio 0.9 0.294

T Traffic Factor -100 ADT 0.85 100-500 0.75 500-1000 0.7 1000-2000 0.65
V Voids in loose Agg Single Chip 0.5
S Surface 

Condition
Smooth, 
non 
porous

0 Slightly 
porous & 
oxidized

0.03 Slightly 
pocked 
porous & 
oxidized

0.06 Badly 
pocked 
porous & 
oxidized

0.09

A Agg Absorption None 0
R Residual AC Cont 0.665

100 ADT on Badly Pocked & oxidized

Binder Appl Rate = 0.557 Gal/yd2 2.244 0.294 0.85 0.5 0.09 0
0.665

100 ADT on Slightly pocked, Porous & oxidized

Binder Appl Rate = 0.512 Gal/yd2 2.244 0.294 0.85 0.5 0.06 0
0.665

100 ADT on Slightly Porous & oxidized

Binder Appl Rate = 0.467 Gal/yd2 2.244 0.294 0.85 0.5 0.03 0
0.665

100 ADT on Smooth non-porous

Binder Appl Rate = 0.422 Gal/yd2 2.244 0.294 0.85 0.5 0 0
0.665

200-500 ADT on Badly Pocked & oxidized

Binder Appl Rate = 0.507 Gal/yd2 2.244 0.294 0.75 0.5 0.09 0
0.665

Median Rock Size

AA Little More about Aggregates

57th Idaho Asphalt Conference, October 26, 2017
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Standard Chip Seal Aggregate 
Requirements
• Must be clean - For reliability

• Less then 1% passing #200 sieve; better adhesion
• Durable - wear life

• LAR, lower = harder, polish  / wear  resistant
• Flakiness Index - reliability

• Lower = More cubicle, uniform shape  easier to 
design around.  More accurate design = More 
reliable seal.

• Single sized Chips 
• More uniformed height 
• Has more room for binder – Space not filled by smaller 

aggregate particles.
• The more single sized the easier it is to develop a good 

chipseal design.

57th Idaho Asphalt Conference, October 26, 2017
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AAggregate Application Rate Calc

• Need  - Ave least Dimension
• Need  - Specific Gravity of the Aggregate
• Calculate the Voids in Loose Agg

• V= (Loose unit weight (lbs/cubic ft)/(62.4*Spec 
Gravity)

• Wastage factor Example 10% for high traffic, 5% for 
very low slow traffic  1+.10 = 1.10 high Traffic

• C (Appl Rate) = 46.8* (1-(0.4)*Voids in loose Agg*Ave 
Least Dimension*Specific Gravity *Wastage Factor for 
Traffic whip off

57th Idaho Asphalt Conference, October 26, 2017
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The Problem with Flat Chips

Different 
embedment 
between 
wheel rut 
and non 
wheel rut

No 
Difference 
between 
wheel rut 
and non 
wheel rut

CHIP LOSS CHIP LOSS

There is not enough binder in the non-traffic areas to
prevent traffic and snow plows from dislodging the chips.

If the seal coat is designed for chips in the
wheelpaths:

There is too much binder in the wheelpaths after the flat
chips lay on their flattest side.

BLEEDING

If the seal coat is designed for chips in the
non- traffic areas:

57th Idaho Asphalt Conference, October 26, 2017
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Single Sized Aggregate Perfect for the 
standard chip seal with CRS-2P, CMS-2P 
Plenty of room for binder. (Adhesive)

Graded Aggregate / Not good for 
CRS-2P or CMS-2P
Great for Otta Seal /  Maintenance Seal with HF -150 
Less room for binder,  Relies on rock interlock  

Single Size vs. Graded Aggregate

BBinders

57th Idaho Asphalt Conference, October 26, 2017
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CRS-2P, CMS-2P

• Polymer Emulsions
• Stiffer binder  - reduces bleeding
• Develops strength faster than other emulsions, can 

sweep sooner.
• Requires clean chips
• Must place chips immediately 
• Most Expensive conventional chipseal emulsion

57th Idaho Asphalt Conference, October 26, 2017
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Rollers

Why is rolling critical?

• When the rock is dropped into the binder the voids will 
approach 50%

• At this level of voids the chip is not stable enough to 
withstand traffic and will ravel

• Rolling will drop that to around 30%
• At this level of voids the chip is stable enough to 

withstand light traffic but not plowing and high traffic
• The final product to be achieved in the design will not occur 

until the voids are down around 20%
• This usually does not occur without a lot of post 

construction traffic but each successive pass of the rollers 
over a seal under construction helps to move the seal to 
the final 

57th Idaho Asphalt Conference, October 26, 2017
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Need more rolling

• While the wheel paths get the compaction needed for a 
successful seal 

• Parking lanes, Fog line, Turn lanes, Qtr Crown, Center Line 
area, etc. do not.

• Traffic will take much longer to give these areas the 
compaction needed per the design.

• Give it extra attention while building (Give them extra 
Rolling)  

• Add a STEEL roller

Steel Rollers

• Being used successfully by WSDOT, ODOT and many 
counties.

• Add it to the fleet, don’t just replace a pneumatic.  
More rollers are always better.

• If it bridges the low points don’t worry. 
• The high points aren’t getting enough traffic for 

embedment.  Steel will help. 
– Steel immediately improves embedment, Cuts 
plow damage.
• Run the Steel Roller in static mode, vibe is not 

needed to orient and compact chips.  

57th Idaho Asphalt Conference, October 26, 2017
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38,000 lb. Vibratory Roller
Bonner County, Idaho

Note the Effect on the Aggregate Texture 

57th Idaho Asphalt Conference, October 26, 2017
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Approximately 50% Voids

Approximately 30% Voids

Approximately 20% Voids

Chips dropped 
into the 
binder

Chips after 
rolling

Chips after a 
season of traffic 
and 
embedment)

Not enough 
embedment.
Won’t stay

Better but 
still not 
enough 
embedment.

Success! Enough 
embedment (70%) 
to withstand 
traffic stresses 
and Plowing.

AL
D

AL
DAL
D

AL
D

AL
D

Why we roll / Why we go early

Why you should chip seal early in the season

• A chip seal needs Time to fully cure:
• 160 hours pavement temp exceeding 110  F

• The warmth is needed to soften the binder residue so that 
the final few percent of water that is trapped in the seal can 
work its way out 

• This means even with a good design if the seal is done late in 
the season the final product will not be achieved until the 
next season.

• The earlier the better!!  Let the warm weather help traffic 
finish the seal

• Late seals often don’t reach final voids and most stable 
chip embedment and may not have released all their 
water making them susceptible to raveling and Plow 
damage.

57th Idaho Asphalt Conference, October 26, 2017
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SSealed in Sept. on Shady Road.  Emulsion did not 
cure, just stiffened.  Peeled off under traffic.  
SSection in full sun looks great.

Holes left by late season water vaper escaping 
the seal in the following season

57th Idaho Asphalt Conference, October 26, 2017
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Why we use Choke aggregate

• Choke acts as a blotter forming a barrier between vehicle tires 
and any exposed emulsion from the seal.

• Don’t use too much or too dirty that may not allow water 
vapor to escape the seal and delay curing

• Choke helps to keep the chips from rolling around 
• The choke aggregate wedges in between the chips
• Those chips can’t turn over which would expose fresh 

emulsion and  cause the seal to track
• Choke helps the emulsion break 

• Emulsion wants to break when it makes contact with rock

Fog Sealing:
Benefits over chipseal

• Extra Security against chip loss – Add’l emulsion residue
• Help in post construction traffic embedding action

• Black color increases pavement temp to soften residue for 
improved embedment from traffic.  Extends window to 
cooler days 

• Aesthetics – black like new pavement

57th Idaho Asphalt Conference, October 26, 2017
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Fog Sealing

• .12 to .14 gal/yd2 on chip seals
• .08 to .10 gal/ yd2 on pavements
• Loss of skid resistance is a concern over dense 

pavements
• Use of Sand is good temporary fix

• Recommended emulsions are CSS-1 or 1H Dil, Rapid 
Setting fogs, etc.

Fog Sealing has benefits beyond Chip Seal 
use

• TRB Paper 08-0632, Fog seals are cost effective
• Seal pavement against water/oxidation
• Reduce hardening - Flexibility of Pavement
• Reduce / delay deterioration - Maintain Texture
• Need to be applied early in pavement life 

• Start within 1 to 2 years of paving
• No or little visible cracking 
• Fog wears off surface but stays in matrix. 

• Review of 4 yr. old fog seals show the seal effects still present.  Retarding water 
infiltration

57th Idaho Asphalt Conference, October 26, 2017
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New Highway after first winter
Was much tighter when new!I -90 After First Winter 

Was much tighter when new 

Fresh fog 
Filling voids – sealing against water and air 
infiltration

57th Idaho Asphalt Conference, October 26, 2017
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Points to remember

• Do your sealing early in the season (You need cure 
time)

• Do a design / Understand the size and cleanliness 
of your rock, the condition of the road and traffic 
count. 

• Roll, Roll, Roll
• Add that steel roller
• Remember to compensate for new mats, open 

pavements, shady areas. They need more emulsion 
/ Extra Rolling

End Result looks like new pavement to public!
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POLYURETHANE 
GROUTING

Ground Modification

Welcome

REX KLENTZMAN, P.E. 
DIRECTOR OF ENGINEERING,
URETEK USA
URETEK ICR

History of Polyurethane grouting
Polyurethane grouting applications 
Poly-jacking
URETEK deep injection™ Summary
Testing
Case Studies

todaysagenda
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Deep Injection 
Patented
URETEK’s Deep Injection
Process patent is issued, a
process to increase the load
bearing capacity of weak
soils at individual depths
through polymer injection.

1979 1988 2003 2017
Exclusive rights in 
U.S.
URETEK USA, Inc., is granted the
exclusive license rights for sales
and installment of product and
services in the U.S. and Mexico.

URETEK patents
the polyurethane 
grouting process
URETEK advances equipment
technology of total proportion
and injection control of
polyurethane and patents The
URETEK Method™ (U.S. Patent No.
4,567,708).

atenttttts

Chapter in 
progress...
URETEK’s story continues as our
business growth and value are
at an all time high. New
materials and solution offerings to
clients to be unveiled later this
year.

Lift sunken paving and structures
Provide Strength to weak subgrade 
Extend pavement life by strengthening subgrade
Restore/increase soil bearing capacity for existing structural 
footings including bridge footings
Halt settlement caused by weak load bearing soils
Infrastructure Stabilization, Soil Erosion Remediation

applicationsoverview

57th Idaho Asphalt Conference, October 26, 2017
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method
SLABleveling l POLYjacking

Before 15 Years Later

• 1993
• Two culverts run under road
• As much as 12” settlement

• 2008 photo
• Still smooth today after 

nearly 25 years

57th Idaho Asphalt Conference, October 26, 2017
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DeepInjection
increasing bearing capacity

and halting settlement

DeepInjection
Multiple injection locations
Expanding chemical substance is 
injected
Injections result in compaction of soils
Surface is monitored for motion
5 x Expansion of chemical after injection

57th Idaho Asphalt Conference, October 26, 2017
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DeepInjection
drill 5/8” hole through foundation or 
footing as required
set half inch steel rod at injection 
depth
inject structural polymer 
continuously monitor surface 
elevations for movement

soil box injection demonstration
Injection inside steel
reinforced, plexi-glass
box so material flow
could be observed

57th Idaho Asphalt Conference, October 26, 2017
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soil box injection demonstration
Stabilized soil mass was
free-standing after box
removed

Deep
Injection

soil box 
injection
demo

57th Idaho Asphalt Conference, October 26, 2017

6



soil box injection demonstration
Vertical load
applied
using a
backhoe

soil box injection demonstration
Vertical load applied using an excavator

57th Idaho Asphalt Conference, October 26, 2017
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Laboratory Research
Deep Injection Process

Effect on Unbound
Pavement Base Layers

PURPOSE
Test Geo-materials with and without polyurethane 
injection treatment to determine effect on Strength
• Axial Strain
• Repeated Load Permanent Deformation (NCHRP 

598)
• Youngs Modulus

Laboratory Research
Deep Injection Process

57th Idaho Asphalt Conference, October 26, 2017
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Three geo-materials studied: 
• graded aggregate base
• 57 stone, 
• natural sand. 

Laboratory Research
Deep Injection Process

• Geo-material is comprised of solids, 
liquid (water), and gas (air). 

• Common physical properties, such 
as moisture content, density, void 
ratio, porosity, specific gravity, and 
saturation are all derivatives of this 
phase composition. 

• The polyurethane product infiltrates 
the void structure (displacing air and 
most of the free water) to create a 
bound matrix.

Laboratory Research
URETEK Deep Injection 
Process

57th Idaho Asphalt Conference, October 26, 2017
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Laboratory Research
URETEK Deep Injection 
Process

Strength Increase

Graded Aggregate Base
• 700%      
57 stone
• 1,000%
Natural sand  
• 7,000% 

Laboratory Research
URETEK Deep Injection 
Process

Repeated Load 
Permanent Deformation 
Test 
(NCHRP Report No. 598)

• Polyurethane injection 
promotes a very high 
resistance to strains. 

* These strains often produce pavement 
distresses such as rutting (flexible 
pavements) and faulting (rigid pavements).

57th Idaho Asphalt Conference, October 26, 2017
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Asphalt pavement 
systems - stabilization 

and lifting

TRANSPORTATION

Composite pavement 
systems – stabilization 

and lifting (including 
pavement systems that 
demonstrate reflective 

cracking)

TRANSPORTATION

57th Idaho Asphalt Conference, October 26, 2017
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TRANSPORTATION
Bridge approach and 

departure slabs –
stabilization and lifting, 
including stabilization of 

MSE walls

BRIDGE
APPROACH &
DEPARTURE

57th Idaho Asphalt Conference, October 26, 2017
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Road Settlement over Culvert
Shelley, ID

Road Settlement over Culvert

57th Idaho Asphalt Conference, October 26, 2017
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MD Route 410, ROAD DIP

September 2003
• 6” Dip in road, 25’x15’ section

MD Route 410, ROAD 
DIP

• August 2013, ten years later

57th Idaho Asphalt Conference, October 26, 2017
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Asphalt Pavement 
Repair

US 65 @ Route 
WW

CARROLL 
COUNTY

MISSOURI

Problem Description

US 65 is a two-lane asphalt 
highway with gravel shoulders; 
terrain = rolling hills
Hill in the project area was cut 

down 5’ to provide better 
visibility
Base:  10” – 12” of reclaimed 

asphalt with crushed stone 
placed over the cut
Paving operations were 

stopped when the base 
exhibited 2” ruts and finger-
width cracks 
Emergency stabilization of 

subbase needed to open the 
road in time for Memorial Day 
2011

57th Idaho Asphalt Conference, October 26, 2017
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Rutting in Base

Water Truck 
used for 
coring –

caused ruts 
in base 
material

Solution Description

Data Collection / Analysis
• MODOT = Falling Weight 

Deflectometer (FWD)
• URETEK USA = Dynamic 

Cone Penetrometer (DCP)
Injection Summary
• Injection depths and pattern 

based on FWD and DCP
• 12, 984 square feet of 

pavement stabilized

57th Idaho Asphalt Conference, October 26, 2017
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MODOT FWD Testing

MoDOT’s falling weight deflectometer trailer

Site Layout

Injection Area

Displaced Water During Injection

57th Idaho Asphalt Conference, October 26, 2017

17



Results
• Average increase in subgrade modulus 

after polyurethane injection = 60%

• Average decrease in maximum 
deflection after polyurethane injection = 
35%

• By injecting continuously for 24 hours, 
the crew met the deadline and the road 
was open for the Memorial Day 
weekend

Frost Heave 
Mitigation

WY - 70

Encampment, WY
October, 2011

57th Idaho Asphalt Conference, October 26, 2017
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Frost Heave 
Mitigation

WY - 70

Encampment, WY
October, 2011

Site Layout

57th Idaho Asphalt Conference, October 26, 2017
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Summary
• Reduce/Prevent Subgrade Freezing
• Non destructive injection of URETEK Polymer
• Create layer of insulation to reduce heat loss from 

lower soils
• Prevent upward movement of water from warmer 

lower soils

• 2 year monitoring of pavement elevations and 
subgrade temperatures

• “Almost Totally Eliminated Frost Heave”

Site Considerations
• Frost Heave creating dangerous driving conditions
• Sharp hump in road
• During Construction road raised by placing 3’ of 

subgrade soil over non rippable rock outcrop
• Silty Sand, Highly susceptible to frost heave

• Prior remediation attempts unsuccessful
• Drainage pipes installed
• Lateral drains installed

57th Idaho Asphalt Conference, October 26, 2017
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Proposed Remediation
• Injection of polymer at 18” below grade
• Level road surface and provide insulated 

polymer layer 
• The road surface was milled
• Instrumentation was placed and wired to 

the data logger. 
• The collection of data began on 

November 18, 2011
• The site was monitored over the next 

two winters

Frost Heave Reduction

Prior to Treatment = 4”                   Post Treatment = 0.5” 

57th Idaho Asphalt Conference, October 26, 2017
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BENEFITS OF 
INVESTING IN THE 
RESTORATION OF 

PAVING  
INFRASTRUCTURE

Injected containment barrier

DOT Application:  Re-direct flow away from road 
base

57th Idaho Asphalt Conference, October 26, 2017

22



INSITU
SHORING 
SYSTEM

And 

Containment 
Wall

Underground
Infrastructure
Extend the service life and rehabilitate existing underground infrastructure.

57th Idaho Asphalt Conference, October 26, 2017
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ManholeSealing
Manhole 
Sealing/Rehabilitation
Rehabilitate and restore structural integrity.
Quickly eliminate soil erosion and seepage 
concerns.

Leak Sealing and 
restoration
Seal eroded and deficient manholes and 
lateral lines.

Soil Erosion Control 
Extend the service life and rehabilitate aging 
infrastructure without excavation.

Sewer MainSealing
Lateral Line 
Sealing/Encapsulation
Rehabilitate and restore structural integrity.
Quickly eliminate soil erosion and seepage.Quickly eliminate soil erosion and seepage.

57th Idaho Asphalt Conference, October 26, 2017
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Infrastructure Stabilization/Soil Erosion Control 

erosioncontrol

57th Idaho Asphalt Conference, October 26, 2017
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emergencyinfrastructure
Dam and spillway
Rehabilitate and restore structural integrity.  Quickly eliminate soil 
erosion and seepage concerns.

Sea and lake wall
Seal eroded bulkhead and wall joints and eliminate water and soil 
seepage/erosion.

conduit and outfall
Extend the service life and rehabilitate existing conduit and outfall 
structures quickly, safely.

emergencyinfrastructure

57th Idaho Asphalt Conference, October 26, 2017
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Dam & Spillway 
Stabilization
Extend the service life and rehabilitate existing dam and spillway structures.

ThankYou!
QUESTIONS???
THOUGHTS???

57th Idaho Asphalt Conference, October 26, 2017
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Use of Visual Distress Survey and Deflection Data for 
Rehabilitation Decisions in Idaho

Presented By:
Deb Mishra, Ph.D., P.E.
Assistant Professor 
Dept. of Civil Engineering 
Boise State University  

Graduate Research Assistant:
Md. Fazle Rabbi
Grad. Research Assistant 
Dept. of Civil Engineering 
Boise State University  

Use of Visual Distress Survey Data and Deflection Basin 
Parameters for Network-Level Pavement Rehabilitation 

Decisions in Idaho

Author:
Deb Mishra, Ph.D., P.E.
Assistant Professor 
Dept. of Civil Engineering 
Boise State University  

2

96th Annual Meeting of the 
Transportation Research Board

Co-Author:
Md. Fazle Rabbi
Grad. Research Assistant 
Dept. of Civil Engineering 
Boise State University  

Co-Author:
John Arambarri, PE, 
Materials Engineer, 
District 3 
ITD

Co-Author:
Dan Harelson, PE, 
Engineering Manager, 
District 5
ITD

Initial Version of Paper Presented at the 96th Annual Meeting of 
the Transportation Research Board
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Project Background and Scope

Total length of I-15 In Idaho= 190 mils
Replacing around 44 miles

Project 
No

Limits Project Length 
Start End Start End Length

1 Arimo Interchange McCammon Interchange 39.8 47.5 7.7
2 Baseline Bonneville 106.7 111.9 5.2
3 Chubbuck Milepost 76.01 72.6 76.01 3.4
4 Lava Bed crosover Baseline road 100.4 106.7 6.3

5 McCommon
Interchange South 5th Pocatello 47.5 66.8 19.3

6 Milepost 76.01 Burns Road 76.01 81.9 5.9
7 South Blackfoot west Blackfoot 89.3 92.5 3.2
8 Sand Road Blackfoot 85.6 89.3 3.7
9 West Blackfoot Lava Beds 92.5 100.4 7.9

“Over the year the transportation department 
has routinely repaired the pavement but even 
with this routine maintenance the pavement has 
reached the end of its life; it’s time to invest in a 
new surface”. 

-Dan Harelson, 
ITD project manager  

Several sections Several sections 
were initially selected were initi
for Full

initi
ulul -

ally seltianiti
llll--Depth for Fuulll Depth DD

Reclamation Reclamation
(CRABS); In

on
InIn-
n
nn--Depth (CRABS); IInn Depth DD

Analysis of Structural Analysis of Structural 
Condition can lead to Condition can lea
more educated more educa
decisions 

4

Projects: (District -3)
1. US-95 Payette NCL to Weiser River Bridge 

• MP 70.28 to 81.52

2. SH-55 Pride Lane to Middleton Road

• MP 7.1 to MP 15.6

3. I-84, Sand Hollow to Caldwell 

• MP 17 to MP 26

Projects: (District -5)
1. I-15, Sand Road to South Blackfoot

• MP 85.6 to MP 89.3

Pavement Sections Analyzed

Thank you John n Arambarrirri!

57th Idaho Asphalt Conference, October 26, 2017
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Objective and Motivation 

1. Recurrent Pavement Distresses 

2. Unprecedented Construction and 

Maintenance Costs 

3. Frequent Traffic Interruption 

4. Increased in User Costs

Full Reconstruction?
or

Partial Reconstruction?
or

Rehabilitation?
or

Successive Maintenance 
Approach??

color.ngmnexpo.com
https://www.fhwa.dot.gov/publications/transporter/96aug/index.cfm

en.wikipedia.org
www.qespavements.com

What is the Probable Solution???? 

6

Functional vs. Structural Pavement Evaluation
Pavement 
Evaluation 

Functional 
Evaluation 

Present 
Serviceability 

Index

Pavement 
Roughness 

Index

Skid Resistance 

Structural 
Evaluation 

Destructive 
Testing 

Flexible 
Pavement 

Coring/Bitumen 
Extraction 

Rigid 
Pavements 

Crushing 
Strength, 

flexural strength 

Non-Destructive 
Testing 

Static Creep 
Deflection 

Method 

Steady State 
Deflections

Wave 
propagation 

Method 

Impulsive 
loading 

Surface and Subgrade 
Assessment for Design 
and Evaluation purpose 

Surface 
Assessment 
Maintenance 

Purpose  

X Comparatively Expensive
X Time Consuming
X Labor-Intensive 
X Traffic Interruption
X Discontinuous Assessment
X Damage to pavements

Cost Efficient
Noninvasive
Rapid
Limited 
Traffic 
Obstruction

Impulsive 
loading

Impulse 
Loading 

57th Idaho Asphalt Conference, October 26, 2017
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FWD (Impulse Loading Devices)

FWD measures surface deflections by an 
impact loading to simulate a vehicular moving 
load.

The system applies controlled loading and 
measures deflections.

Falling Weight t Deflectometerr (FWD) is widely used to 
measure pavement surface deflections 

Advantages:

Comparatively Fast

Economical

8

FWD 
Data 

Basin 
Parameters 

Analysis 
Sloping Surface 

South Africa 
Suggested 

Threshold values  

USA
Suggested 

Threshold values  

Subgrade 
Modulus Analysis 

Back Calculated 
Layer Modulus 

Value  

Iterative Process 

Closed From 
Process 

FWD Data Assessment Process  

57th Idaho Asphalt Conference, October 26, 2017
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Backcalculation – A Challenge

Very powerful concept – needs good understanding of the procedure

Pavement layer thicknesses – Important Input

Not something that DOTs do on a daily basis

Is it possible to utilize FWD data at a network level without going ssible to utilize FWD data
through detailed back

data
ckck-

at a network level withoa ata
kk--calculation approaches?

10

Deflection Basin Shape – Relevant Inferences

Not a replacement for Not a replacem
backcalculation

ment for cem
nn ! Just a tool kcalculationn Just a ! 

to help engineers

Ref: Horak, E. (2008), “Benchmarking the Structural Condition of 
Flexible Pavements with Deflection Bowl Parameters”

57th Idaho Asphalt Conference, October 26, 2017

5



11

0 300

300 600

Surface Curvatutre Index (SCI)
(also known as Base Layer Index, BLI)

Middle Layer Index (MLI)
(also known as Base Damage Index, BDI)

Lower Layer Index (LLI)
(also known as Base Cu

SCI D D

MLI D D

600 900

rvature Index, BCI)
LLI D D

Deflection Basin Parameters Used in the US

Ref: Horak, E. (2008), “Benchmarking the Structural Condition of 
Flexible Pavements with Deflection Bowl Parameters”

Shape of the deflection basin is Shape of the deflection basin is 
governed by structural condition of verned by structural condition

individual pavement layers

Different Countries; Different Names

12
Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer 
Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 
Asphalt Pavements for Southern Africa.

Parameter Formula Structural indicator

Maximum 
Deflection Do as measured ALL Layers

Radius of Curvature
(RoC)

Surface and 
Base  Layer

Base Layer Index
(BLI) Base Layer

Middle Layer Index 
(MLI)

Subbase/
Subgrade  Layer

Lower Layer Index 
(LLI)

Subbase/
Subgrade  Layer

Deflection Bowl Parameters - South African Practice

2

0
0

200

2 1

200 mm (for FWD)

LRoC
DD

D
L

0 300BLI D D

300 600MLI D D

600 900MLI D D

57th Idaho Asphalt Conference, October 26, 2017
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13
Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight 
Deflectometer Deflection Benchmark Analysis on Roads and Airfields. 
In Proc. 11th Conf. on Asphalt Pavements for Southern Africa.

Base Type
Structural 
Condition 

Rating

Deflection Bowl Parameters (700 kPa)

Do (μm) RoC (m) BLI (μm) MLI (μm) LLI (μm)

Granular 
Base

Sound < 625 > 90 < 250 < 115 < 65

Warning 625 to 925 42-90 250-475 115-225 65-120

Severe > 925 < 42 > 475 > 225 > 120

Parameter Formula Structural 
indicator

Maximum 
Deflection Do as measured ALL Layers

Radius of 
Curvature

(RoC)

RoC= ( )
L= 200mm (FWD)

Surface and 
Base  Layer

Base Layer 
Index
(BLI)

BLI=Do - D300 Base Layer

Middle Layer 
Index 
(MLI)

MLI=D300   - D600
Subbase/

Subgrade  Layer

Lower Layer 
Index 
(LLI)

LLI=D600
-D900

Subbase/
Subgrade  Layer

Deflection Bowl Parameters and Thresholds

Need to use consistent FWD load levels

Idaho Uses a Load Level of 12 kips for FWD ad Level of 
Testing

14
Ref: Chang C, D. Saenz , S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, and 
E. G. Fernando (2014) “TxDOT Guidelines to Assign PMIS Treatment Levels” 
(Table)

Deflection Basin Parameters Range Remarks

SCI / BLI (mils)

< 4.00 Very Good Asphalt Layer
4.00 - 6.00 Good Asphalt Layer
6.00 - 8.00 Fair Asphalt Layer

8.00 - 10.00 Poor Asphalt Layer
> 10.00 Very Poor Asphalt Layer

MLI (mils)

< 2.00 Very Good Base Layer
2.00 - 3.00 Good Base Layer
3.00 - 4.00 Fair Base Layer
4.00 - 5.00 Poor Base Layer

> 5.00 Very Poor Base Layer

W60 (mils)

< 1.00 Very Good Subgrade Layer
1.00 - 1.14 Good Subgrade Layer
1.40 - 1.80 Fair Subgrade Layer
1.80 - 2.20 Poor Subgrade Layer

> 2.20 Very Poor Subgrade Layer

Deflection Bowl Parameters & Thresholds

57th Idaho Asphalt Conference, October 26, 2017
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Structural Evaluation of I-15, I-84, SH-55 & US-
95 Sections using Deflection Basin Parameters

Different Pavement Sections Considered

16

1. US-95 Payette NCL to Weiser River Bridge 

• MP 70.28 to 81.52

• FWD data collected in 2011

2. SH-55 Pride Lane to Middleton Road

• MP 7.1 to MP 15.6

• FWD data collected on 29 June 2016

3. I-84, Sand Hollow to Caldwell 

• MP 17 to MP 26

• FWD data collected on 14 October 2015

4. I-15, Sand Road to South Blackfoot

• MP 85.6 to MP 89.3

• FWD data collected on 15 June 2011

Normalized to “12000” 0” lbbb Load

57th Idaho Asphalt Conference, October 26, 2017
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Functional Condition Assessment

18

I-84

Condition Assessment Based on Rutting and International 
Roughness Index (IRI)

Rutting Index 
Category Rut Depth (in.)
Excellent < 0.25
Good 0.25-.037
Fair 0.38-0.50
Poor >0.50

Classification Based on IRI

IRI
Range

Criteria Classification
IRI Good

Fair / Acceptable
IRI >170 Poor / Not Acceptable

http://pathweb.pathwayservices.com/idaho/) (edited)

SH-55

I-15

Ref: http://pathweb.pathwayservices.com/idaho/) (edited)

US-95 Identifying the “source” of the problem is Identifying the source  of the problem is 
important for the selection of suitable rtant for the selection of sui

rehabilitation measures

57th Idaho Asphalt Conference, October 26, 2017
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Condition: Cracking Index

Pavement Condition Functional Class
Interstate and Arterials

Good CI > 3.0
Fair
Poor

Very Poor CI < 2.0
Condition: Roughness Index

Pavement Condition Functional Class
Interstate and Arterials

Good RI > 3.0
Fair
Poor

Very Poor RI < 2.0
Condition: Rutting

Pavement Condition Functional Class
Interstate and Arterials

Good 0.00” – 0.24”
Fair 0.25” – 0.49”
Poor 0.50” – 0.74”

Very Poor
Condition: IRI (inch/mile)

Pavement Condition Functional Class
Interstate and Arterials

Excellent <60
Good 60-99
Fair 100-139
Poor 140-199

Very Poor

Threshold Values used to Classify Pavements Based on Distress 
Extent and severity

Distress Type Distress Severity / Magnitude
Pavement 

Section
I-15 I-84 US-95 SH-55

Value Rating Value Rating Value Rating Value Rating
Cracking Index 2.6 Fair 3.8 Good 2.2 Poor 1.6 Poor

International 
Roughness 

Index (IRI, in/mi)
< 95 Good

56
(avg.)

Excellent
90.5 

(avg.)
Good

156 
(avg.)

Poor

Roughness 
Index (RI)

3.40 Good 3.95 Good 3.33 Good 2.51 Fair

Average Rut 
Depth (inch)

0.43” Fair 0.24” Good 0.46” Fair 0.24” Good

*The data was taken from ITD’s visual distress survey database.
IRI values for the I-84, US-95, and SH-55 segments were extracted from reports prepared by 
ITD. IRI values for the I-15 segment are extracted from the visual distress survey database

20

Pavement Layer Profiles of US-95, SH-55 & I-15

I-84
SH-55

US-95

Pavement Layer Profiles 

(a) I-84 (Ground Penetrating Radar)

(b)US-95 (Boring logs )

(c) SH-55 (Boring logs )

57th Idaho Asphalt Conference, October 26, 2017
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Inferences based on Deflection Basin – Zone 1

Inferences based on Shape of nferences based on Shape o
Stress Dissipation Curve

22
Ref: Levi, G. (2016), Horak, E., Emery, S., & Maina, J. Review of Falling Weight 
Deflectometer Deflection Benchmark Analysis on Roads and Airfields. In Proc. 
11th Conf. on Asphalt Pavements for Southern Africa.

Base Type
Structural 
Condition 

Rating

Deflection 
Bowl 

Parameter
Do (μm)

Granular 
Base

Sound < 625
Warning 625-925
Severe > 925

Deflection under the Load

I-15

Central Deflection as an 
Indicator of Overall Pavement 

Structural Condition

Pavement Assessment Based on Deflection Bowl 
Parameters

57th Idaho Asphalt Conference, October 26, 2017
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Ref: Levi, G. (2016), Horak, E., Emery, S., & Maina, J. Review of Falling Weight 
Deflectometer Deflection Benchmark Analysis on Roads and Airfields. In Proc. 
11th Conf. on Asphalt Pavements for Southern Africa.

Base Type
Structural 
Condition 

Rating

Deflection 
Bowl 

Parameter
Do (μm)

Granular Base
Sound < 625

Warning 625-925
Severe > 925

Deflection under the Load

(a) I-15 (b) I-84

(c) US-95 (d) SH-55

Central Deflection as an 
Indicator of Overall Pavement 

Structural Condition

Pavement Assessment Based on Deflection Bowl 
Parameters

24
Ref: Chang C, D. Saenz , S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, 
and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 
Levels” (Table)

SCI (BLI) Remarks

< 4.00 Very Good Asphalt Layer
4.00 -- 6.00 Good Asphalt Layer
6.00 -- 8.00 Fair Asphalt Layer

8.00 -- 10.00 Poor Asphalt Layer
> 10.00 Very Poor Asphalt Layer

Pavement Assessment Based on Deflection Bowl 
Parameters

Structural Condition 
Indicator for HMA Layer 

Surface Curvature Index

I-15

57th Idaho Asphalt Conference, October 26, 2017
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Ref: Chang C, D. Saenz , S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, 
and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 
Levels” (Table)

SCI / BLI (mils) Inference

< 4.00 Very Good Asphalt 
Layer

4.00 -- 6.00 Good Asphalt Layer
6.00 -- 8.00 Fair Asphalt Layer

8.00 -- 10.00 Poor Asphalt Layer

> 10.00 Very Poor Asphalt 
Layer

Pavement Assessment Based on Deflection Bowl Parameters

Surface Curvature Index

(a) I-15 (b) I-84

(c) US-95 (d) SH-55

Structural Condition 
Indicator for HMA Layer 

26Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer 
Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 
Asphalt Pavements for Southern Africa.

Base Type
Structural 
Condition 

Rating

Deflection 
Bowl 

Parameter
BLI (μm)

Granular 
Base

Sound < 250
Warning 250 - 475
Severe > 475

Pavement Assessment Based on Deflection Bowl 
Parameters

Base Layer Index

I-15

Numerically equivalent to SCI 

However, used to Assess Base Layer Condition

57th Idaho Asphalt Conference, October 26, 2017
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Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer 
Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 
Asphalt Pavements for Southern Africa.

Base Condition Indicator  

Base Layer Index

(a) I-15 (b) I-84

(c) US-95 (d) SH-55

Pavement Assessment Based on Deflection Bowl 
Parameters

Base Type
Structural 
Condition 

Rating

Deflection 
Bowl 

Parameter
BLI (μm)

Granular 
Base

Sound < 250
Warning 250 - 475
Severe > 475

28

Inferences based on Deflection Basin – Zone 2

Inferences based on Shape of nferences based on Shape o
Stress Dissipation Curve

57th Idaho Asphalt Conference, October 26, 2017
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Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight 
Deflectometer Deflection Benchmark Analysis on Roads and Airfields. 
In Proc. 11th Conf. on Asphalt Pavements for Southern Africa.

Base Type
Structural 
Condition 

Rating

Deflection 
Bowl 

Parameters
MLI (μm)

Granular 
Base

Sound < 115
Warning 115-225
Severe > 225

Middle Layer Index

I-15

Inferences Concerning Inferences Concerning 
Intermediate Pavement Layers

Pavement Assessment Based on Deflection Bowl 
Parameters

30
Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer 
Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 
Asphalt Pavements for Southern Africa.

Middle Layer Index

(a) I-15 (b) I-84

(c) US-95 (d) SH-55

Base Type
Structural 
Condition 

Rating

Deflection 
Bowl 

Parameters
MLI (μm)

Granular 
Base

Sound < 115
Warning 115-225
Severe > 225

Pavement Assessment Based on Deflection Bowl 
Parameters

57th Idaho Asphalt Conference, October 26, 2017
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Inferences based on Deflection Basin – Zone 3

Inferences based on Shape of nferences based on Shape o
Stress Dissipation Curve

32
Ref: Chang C, D. Saenz , S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, 
and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 
Levels” (Table)

BCI / LLI (mils) Inference
< 2.0 Very Good Base Layer

2.0 -- 3.0 Good Base Layer
3.0 -- 4.0 Fair Base Layer
4.0 -- 5.0 Poor Base Layer

> 5.0 Very Poor Base Layer

Base Curvature Index

I-15

Pavement Assessment Based on Deflection Bowl 
Parameters

Inferences Concerning Lower rences Concerning L
Pavement Layers

57th Idaho Asphalt Conference, October 26, 2017
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Ref: Chang C, D. Saenz , S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, and E. 
G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment Levels” (Table)
http://pathweb.pathwayservices.com/idaho/) (Picture )

Base Curvature Index
(a) I-15 (b) I-84

(c) US-95 (d) SH-55

Base/Subgrade 
Condition Indicator  

Pavement Assessment Based on Deflection Bowl 
Parameters

BCI / LLI (mils) Inference
< 2.0 Very Good Base Layer

2.0 -- 3.0 Good Base Layer
3.0 -- 4.0 Fair Base Layer
4.0 -- 5.0 Poor Base Layer

> 5.0 Very Poor Base Layer

34
Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight 
Deflectometer Deflection Benchmark Analysis on Roads and Airfields. 
In Proc. 11th Conf. on Asphalt Pavements for Southern Africa.

Base Type
Structural 
Condition 

Rating

Deflection 
Bowl 

Parameter
LLI (μm)

Granular 
Base

Sound < 65
Warning 65 – 120
Severe > 120

Subgrade Condition Indicator  

Lower Layer Index

I-15

Pavement Assessment Based on Deflection Bowl 
Parameters

57th Idaho Asphalt Conference, October 26, 2017
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Ref: Horak, E., Emery, S., & Maina, J. Review of Falling Weight Deflectometer 
Deflection Benchmark Analysis on Roads and Airfields. In Proc. 11th Conf. on 
Asphalt Pavements for Southern Africa.

Subgrade Condition Indicator  

Lower Layer Index

(a) I-15 (b) I-84

(c) US-95 (d) SH-55

Pavement Assessment Based on Deflection Bowl 
Parameters

Base Type
Structural 
Condition 

Rating

Deflection 
Bowl 

Parameter
LLI (μm)

Granular 
Base

Sound < 65
Warning 65 – 120
Severe > 120

36

D (60”) Remarks
< 1.0 Very Good Subgrade Layer

1.0 -- 1.4 Good Subgrade Layer
1.4 -- 1.8 Fair Subgrade Layer
1.8 -- 2.2 Poor Subgrade Layer

> 2.20 Very Poor Subgrade Layer

Deflection at 60”

Ref: Chang C, D. Saenz , S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, 
and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 
Levels” (Table)

I-15

Structural Condition 
Indicator for Subgrade Layer

Pavement Assessment Based on Deflection Bowl 
Parameters

57th Idaho Asphalt Conference, October 26, 2017
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D (60”) Remarks
< 1.0 Very Good Subgrade Layer

1.0 -- 1.4 Good Subgrade Layer
1.4 -- 1.8 Fair Subgrade Layer
1.8 -- 2.2 Poor Subgrade Layer

> 2.20 Very Poor Subgrade Layer

Deflection at 60”
(a) I-15 (b) I-84

(c) US-95 (d) SH-55

Ref: Chang C, D. Saenz , S. Nazarian, I. N. Abdallah, A. Wimsatt, T. Freeman, 
and E. G. Fernando (2014) “Txdot Guidelines to Assign PMIS Treatment 
Levels” (Table)

Structural Condition 
Indicator for Subgrade Layer

Pavement Assessment Based on Deflection Bowl 
Parameters

38

Summary of Assessment Results 

Rehabilitation 
method should 
be selected 
based on 
detailed 
analysis of 
individual layer 
conditions

Distress Type Distress Severity / Magnitude
Pavement Section I-15 I-84 US-95 SH-55

Value Rating Value Rating Value Rating Value Rating
Cracking Index 2.6 Fair 3.8 Good 2.2 Poor 1.6 Poor

International 
Roughness Index (IRI, 

in/mi)
< 95 Good 56 (avg.) Excellent

90.5 
(avg.)

Good 156 (avg.) Poor

Roughness Index (RI) 3.40 Good 3.95 Good 3.33 Good 2.51 Fair

Average Rut Depth 
(inch)

0.43” Fair 0.24” Good 0.46” Fair 0.24” Good

Distress 
Type Structural Condition Assessed from FWD Data

Pavement 
Section I-15 I-84 US-95 SH-55

Percentage in 
Length Rating Percentage in 

Length Rating Percentage 
in Length Rating Percentage in 

Length Rating

Surface 80 GOOD 100 GOOD 65 POOR 60 POOR

Base 100 GOOD 95 GOOD 40 GOOD 40 GOOD

Subgrade 25 POOR 25 POOR 75 POOR 65 POOR

57th Idaho Asphalt Conference, October 26, 2017
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Layer I-15 I-84 US-95 SH-55

Surface

Base 

Subgrade

Summary of Assessment Results 

40

Research Outcome
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…collaboration between one of their (ITD D5) engineers and Boise State 
University will result 

ween one of their (ITD D5) engineers and Boise State
lt in a savings of at least five million dollars from the University will resullt in a savi

original cost of the projects.  Dan Harelson …asked Dr. Deb Mishra from 
Boise State University to review the consultant prepared pavement 
investigation report for the project and Dr. Mishra evaluated the data using 
a tool he has developed …  he concluded that the consultant evaluation 
was extremely conservative and that much less costly rehabilitation options 
are available.  Dan and Dr. Mishra applied the analysis to several 
additional projects and reached the same conclusion in their regard.  The 
analysis will result in a savings of over five million dollars …

Research Does Pay Off !

Report to Idaho Legislators

42

CIR Implementation on I-15

““We are not bothering the traveling public as much and 

creating a road for cheapeperr that’s actually goanna last 

longerer”r”------Scott Redding, ITD Resident Engineer

57th Idaho Asphalt Conference, October 26, 2017
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Developing a Tool for “Quick” Implementation

44

MATLAB Tool for Rapid Analysis of FWD Data

Ability to determine 
percentage of roadway in 

different structural conditions
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Network-Level Application of FWD Data
[Structural Number, Layer Modulus, Service Life ]

Remaining Service Life(RL) 

Solve the Equation Iteratively to Determine Ep

46
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Sample Representation of Network-Level Pavement 
Condition

48

Excel Tool for Network-Level Sneff Calculations
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Mechanistic Validation of Deflection Basin 
Parameters using Finite Element Modeling

50

Pavement Modeling Purpose:

To determine the pavement responses like

stresses, strains, and deflections due to the

application of load.

The common structural models:

Layered Elastic Models (All layers)

Visco-Elastic Modeling. (HMA layer)

Stress-Dependent Modulus (Base and 

Subgrade layers)

Ref: http://elibrary.bharathuniv.ac.in/NPTEL/105101087/Transportation%20Engg%201/20-Ltexhtml/nptel_ceTEI_L20.pdf

Numerical 
Modeling 

Adequacy 
of DBP

Layer 
Modulus 

Shape of 
DBP

Viscoelastic Materials Behaviors 

Stress-Dependent Materials 

To avoid the complexity of HMA 
layer viscoelasticity and  
Base/Subgrade stress 

dependency, Linear Elastic 
Modeling approach was taken.   

Numerical Pavement Modeling 
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Layered elastic model:
Computation of stresses, strains, and 
deflections at any point in a pavements are 
relatively simple. 

For the modeling only pavement layer 
configuration, elastic modulus and Poisson’s 
Ratio values are required.

Layered elastic models assumption:
Pavement structural layer is homogeneous, 
isotropic, and linearly elastic

The layer will rebound to its original form once 
the load is removed.

Ref: http://elibrary.bharathuniv.ac.in/NPTEL/105101087/Transportation%20Engg%201/20-Ltexhtml/nptel_ceTEI_L20.pdf

Numerical 
Modeling 

Adequacy 
of DBP

Layer 
Modulus 

Shape of 
DB

Viscoelastic Materials Behaviors 

Stress-Dependent Materials 

To avoid the complexity of HMA 
layer viscoelasticity and  
Base/Subgrade stress 

dependency, Linear Elastic 
Modeling approach was taken.   

Numerical Pavement Modeling 

52

Wheel Load

Subgrade Support

LAYERED ELASTIC METHOD

SURFACE ES, S, h 

BASE EB, B, hB

SUBBASE ESB, SB hSBB (Optional Layer)

SUBGRADE ESG, SG hSG

Back-calculation

*Modulus (MR )

Modulus (MR )

Modulus (MR )

Modulus (MR )

E = Elastic Modulus
h = thickness

= Poisson’s Ratio

FWD Model Input Parameters 

Flexible Pavement Typical Layer Input 
Parameters

Ref: Rodney N. Joel,(2008), Civil Engineer / Airfield Pavement Airport 
Engineering Division, Presented to: 2008 Eastern Region Airport 
Conference( Picture Modified )
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Flexible Pavement Typical Layer Parameters Required as Input 

Wheel Load

Subgrade Support

LAYERED ELASTIC METHOD

SURFACE ES, S, h

BASE EB, B, hB

SUBGRADE ESG, SG hSG

E = Elastic Modulus
h = thickness

= Poisson’s Ratio

FWD 

E = Elastic Modulus

EHMA = 4137~689 MPa

EBase = 552~207 MPa

ESubgrade = 276~14 MPa

Model Input Parameters 

Ref: Rodney N. Joel,(2008), Civil Engineer / Airfield Pavement Airport 
Engineering Division, Presented to: 2008 Eastern Region Airport 
Conference( Picture Modified )

Flexible Pavement Typical Layer Input 
Parameters

54

Flexible Pavement Typical Layer Parameters Required as Input 

Wheel Load

Subgrade Support

LAYERED ELASTIC METHOD

SURFACE ES, S, h

BASE EB, B, hB

SUBGRADE ESG, SG hSG

E = Elastic Modulus
h = thickness

= Poisson’s Ratio

FWD 

H= Layer Thickness 

hHMA = 114 mm HMA =0.30

hBase = 152 mm Base =0.30

hSubgrade = 12192 mm Sub =0.35

= Poisson’s Ratio

Model Input Parameters 

Ref: Rodney N. Joel,(2008), Civil Engineer / Airfield Pavement Airport 
Engineering Division, Presented to: 2008 Eastern Region Airport 
Conference( Picture Modified )

Flexible Pavement Typical Layer Input 
Parameters

57th Idaho Asphalt Conference, October 26, 2017
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Details of the Numerical Model

The discretized (approximate) 
model

The idealized modelThe physical structure

HMA

Base

Subgrade

Model Dimensions

Length 26.0 m (85.3 ft.)

Width 18.0 m (59.0 ft.)

Depth 12.7 m (41.5 ft.)

Advantages of 3-D Model
Provides the complete stress and displacement fields for the analyzed domain
Not limited to linear elastic analysis

Disadvantages of 3D-FEM 
Require long computation times
Significant Pre-processing and post-processing requirements.
Solution is mesh-dependent.

In theory, the solution can always be improved by refining the 3D mesh.
Improvement comes at the expense of time.

Ref: Rodney N. Joel,(2008), Civil Engineer / Airfield Pavement Airport 
Engineering Division, Presented to: 2008 Eastern Region Airport 
Conference

56

HMA Layer Modulus

Base Layer Modulus

Subgrade Layer Modulus

ABAQUSUU -USSSS Generated ABAQUUUUSSSS eneratedeeGeGABAQUUUUSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS------------- enerated eeGeG
Deflection Basin

KENLAYER KENLAYER 
Generated Generated 

Deflection Basin

Model Optimization 
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Observation: 

Variation of SCI and MLI 
Significant

Variation of LLI insignificant 
(~0)

Effect are more prominent 
near the loading area.

Sensitivity Analysis Using the Control Pavement Section

Layer
Elastic Modulus (MPa)

PI (%)
SCI/BLI ( m) MLI/BDI ( m) LLI/BCI ( m) SCI 

( m)
MLI 
( m)

LLI
( m)

Min. Max. Control Max. Min. Max. Min. Max. Min. PD (%) PD (%) PD (%)

HMA 689 4137 2758 +500 170 112 210 176 86 85 -34 -16 -1

Base 34 414 276 +1118 422 242 349 177 162 105 -43 -49 -35

Subgrade 17 138 69 +712 360 238 377 139 297 61 -34 -63 -79

**PI= Percentage Increase from minimum to maximum, PD= Percentage Decrease from maximum to minimum  

58

Observation: 

Rate of change of slope 
noticable in SCI, MLI and 
LLI

SCI and MLI are highly 
influenced by changes in 
Base Modulus 

Layer
Elastic Modulus (MPa)

PI (%)
SCI/BLI ( m) MLI/BDI ( m) LLI/BCI ( m) SCI ( m) MLI ( m) LLI ( m)

Min. Max. Control Max. Min. Max. Min. Max. Min. PD (%) PD (%) PD (%)

HMA 689 4137 2758 +500 170 112 210 176 86 85 -34 -16 -1

Base 34 414 276 +1118 422 242 349 177 162 105 -43 -49 -35

Subgrade 17 138 69 +712 360 238 377 139 297 61 -34 -63 -79

**PI= Percentage Increase from min. to max., PD= Percentage Decrease from max. to min.  

Sensitivity Analysis Using the Control Pavement Section
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Observation: 
Rate of change of slope
noticeable in all three DBPs
parameter such as SCI, MLI
and LLI

The variation of LLI are
considerable high.

Deflection of farthest sensor
is highly influence by the
variation of subgrade
modulus.

Layer
Elastic Modulus (MPa)

PI (%)
SCI/BLI ( m) MLI/BDI ( m) LLI/BCI ( m) SCI ( m) MLI ( m) LLI ( m)

Min. Max. Control Max. Min. Max. Min. Max. Min. PD (%) PD (%) PD (%)

HMA 689 4137 2758 +500 170 112 210 176 86 85 -34 -16 -1

Base 34 414 276 +1118 422 242 349 177 162 105 -43 -49 -35

Sub.G 17 138 69 +712 360 238 377 139 297 61 -34 -63 -79

**PI= Percentage Increase from minimum to maximum, PD= Percentage Decrease from maximum to minimum  

Sensitivity Analysis Using the Control Pavement Section

60

Layer
Elastic Modulus(MPa)

PI (%)
SCI/BLI( m) MLI/BDI( m) LLI/BCI( m) SCI( m) MLI( m) LLI( m)

Mini. Max. Control Max. Mini. Max. Mini. Max. Mini. PD (%) PD (%) PD (%)

HMA 689 4137 2758 +500 170 112 210 176 86 85 -34 -16 -1

Base 34 414 276 +1118 422 242 349 177 162 105 -43 -49 -35

Sub.G 17 138 69 +712 360 238 377 139 297 61 -34 -63 -79

**PI= Percentage Increase from min. to max., PD= Percentage Decrease from max. to min.

Sensitivity Analysis Using the Control Pavement Section
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Layer
Elastic Modulus(MPa)

PI (%)
SCI/BLI( m) MLI/BDI( m) LLI/BCI( m) SCI( m) MLI( m) LLI( m)

Mini. Max. Control Max. Mini. Max. Mini. Max. Mini. PD (%) PD (%) PD (%)

HMA 689 4137 2758 +500 170 112 210 176 86 85 -34 -16 -1

Base 34 414 276 +1118 422 242 349 177 162 105 -43 -49 -35

Sub.G 17 138 69 +712 360 238 377 139 297 61 -34 -63 -79

**PI= Percentage Increase from minimum to maximum, PD= Percentage Decrease from maximum to minimum  

Sensitivity Analysis Using the Control Pavement Section

Modulus variation between 100-600 ksi not capturing full 
SCI thresholds

62

Current Research Tasks  

Incorporation of viscoelastic behavior of 

HMA layer 

Preparation of a synthetic database of 

different pavement scenario and it’s effect 

of DBPs.

Investigate the effect of crack and layer 

thickness on DBPs

of crack and layer 

Soft spot
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Moving Forward …

64

Framework for Rehabilitation 
Strategy Selection

Pavement 
Preservation 

Decision making 
Matrix

FWD Data

Ep [Eq.04]

MR [Eq. 01]

Normalization/Correction 

R>=ae [Eq. 03]

Surface Deflection of Surface layer 

Eq.2 to Change r

SNeff [Eq.05]

Calculation of Reaming ESAL [Eq.06]

Collecting of Design ESAL

Remaining Life of Existing Pavement [Eq.07]

Application of Threshold 

Evaluation of Existing pavement in term of 
Remaining life  

Criteria Setup for New 
Pavement/Overlay Design  

SN(for Rehab.)= SN(eff)-SN(required )

Calculated Mr from FWD data 

Solve [Eq. 06] iteratively 
for SN(required)

Selection of Pavement Design Criteria, 
ESALs, Serviceability Index & Reliability   

Types of Pavement 
Preservation Required

FWD Data

Normalization/Correction 

Existing pavement 
Structural Condition 

Normalized Surface Deflection Data

AC Layer Base Layer Subgrade 
Layer  

SCI, W 
(0.00) BDI, MLI BCI, W (60.00)

Application of Evaluation 
Thresholds  

Network Level Pavement 
Rehabilitation Treatment Selection 

Compare the Results with 
empirical formula 
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Framework for Rehabilitation Strategy Selection
This framework not only follows 

AASHTO-1993 guidelines, but also 

considers DBP evaluation along with the 

existing functional evaluation function 

process. 

Final results are presented as percent 

layer condition, SN and RL, which depict 

a complete picture of existing pavement 

conditions, and will assist engineers in 

selecting the best rehabilitation 

strategies.

66

Futures Research Direction

Collaborate with ITD to gather as much data as possible concerning

pavement layer depths (from cores) and corresponding FWD data.

This will facilitate the validation of the DBP approach for different

pavement depths

Possible modification of DBP thresholds

The FWD Data Analysis Tool (currently under development) will be

available for use by ITD districts for rapid assessment of network-level

pavement structural condition
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DBP 
Thresholds 
for Idaho

Asphalt, 
Base & 
Subgrade 

FWD 
Testing 

Functional 
Evolution 

http://pathweb.pathwayservices.com
ITD Function Survey Records 

A simple Initiative 
towards the Validation of 

DBP for Idaho 

Envisioned Research 
Approach 

Resilient  Modulus 
Testing Facility 

Asphalt Core Testing 
Facility 

Idaho DBP Thresholds 

DBP 
Evaluation 

Laboratory 
Evaluation 

Functional 
Evaluation 

DBP 
Evaluation 

Eval

68
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Using Your Paver as it was Intended
Presented by Todd Mansell, CAT Paving

October 26, 2017

Role of the Paver

• To meet specifications for 
grade, texture & 
smoothness

57th Idaho Asphalt Conference, October 26, 2017
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What Is Grade & Slope?

Slope            
(% crossfall)

Grade 
(thickness)

Mat Texture
Uniform texture all the way across the width

57th Idaho Asphalt Conference, October 26, 2017
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Understanding the Paver
Tractor

– tows screed
– Accepts mix from trucks, 

MTV, etc.
– Pushes trucks
– Feeds mix to screed

Screed
– Floats on the mix
– Free to rise and fall 

according to many 
factors

Tractor
Material Feed 
System

1. Hopper
2. Feeder bars
3. Adjustable 

height augers
4. Feeder sensors 

(not shown)
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Screed
• Screed is hydraulic 

extendable to pave 
different widths

• Fixed-width screeds

• Which is best?

Front-mount and Rear-mount Screeds
Front-mount Rear-mount

Direction 
of paving
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Free-Floating Screed
• Screed position determines mat 

thickness

• Screed position is constant as long 
as all factors remain constant

Tow Arm Geometry
• Pinned to the tractor 

on left and right sides

• Pivot point at drop 
arm

• Screed rotates 
through an arc

57th Idaho Asphalt Conference, October 26, 2017
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How to Adjust Mat Thickness & Slope
• Use depth control cranks or “screws”

• Use tow points

Factors Affecting the Screed

• Paving speed
• Head of material
• Screed adjustments
• Mix design
• Mix temperature
• Air temperature
• Grade temperature

57th Idaho Asphalt Conference, October 26, 2017
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Factors Affecting Screed – Paver Speed

Constant Speed

• Shear factor is constant
• Depth remains constant

Factors Affecting Screed – Paver Speed

Increased Speed

• Shear factor decreases
• Depth decreases

Decreased Speed

• Shear factor increases
• Depth increases

57th Idaho Asphalt Conference, October 26, 2017
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Factors Affecting Screed – Paver Speed
Real World Paving

• Do not panic
• Stay with the plan
• Get rid of trucks in an 

orderly fashion
• Establish a uniform 

trucking pattern
• Will help density & 

smoothness

Calculating Paver Speed
• Based on hot plant output 

and rate of mix delivery to 
job site (trucking & traffic)

• Goal = continuous paving

57th Idaho Asphalt Conference, October 26, 2017
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Calculating Paver Speed

Controlling Paver Speed
Paving Speed

• Paving speed constant
• Feeder system set to match 

paving speed
• Changes in paving speed 

may require feeder system 
adjustments
• Resist temptation to “blow 

out trucks”
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Factors Affecting Screed – Head of Material
Correct Head of Material
• Half auger
• Constant resistance
• Constant depth

Factors Affecting Screed – Head of Material

Head of Material Decreased

• Resistance decreased
• Depth decreases

Head of Material Increased

• Resistance increased
• Depth increases

57th Idaho Asphalt Conference, October 26, 2017
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What’s wrong with this picture?

Head of Material – common issue

BumpDip
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11



Controlling Head of Material
Controlling Head of 
Material

• Adjust gates/ratio
• Adjust auger speed
• Adjust auger height
• Position of sensors

Factors Affecting Screed – Head of Material
• Smooth, continuous movement 

from hopper to area in front of 
screed

• Uniform force against face of 
screed

• Don’t run hopper low

• Proper setting of feed sensors
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Adjust Mix Level to Half-auger

Factors Affecting Screed – Auger Speed
• Auger speed

uniform

• 20-40 rpm

• Auger speed too 
high or 
too low can 
cause stripes in
the mat
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Factors Affecting Screed – Auger Height
• Start at 2" above level of mat

• Adjust up or down depending on 
mix type and appearance of mat

8”

2”

2” 12”

Factors Affecting Screed – Feed Sensors
• Mechanical or sonic
• Control level of material
• Position Sensor 18" from end of augers

57th Idaho Asphalt Conference, October 26, 2017
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Factors Affecting Screed

Sonic Sensor 
Mounting Distance

• Mounting position at 18”

• Working range of sonic 
sensor 12” – 32”

Paddle sensor at 18” and 45°

18”
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Screed Adjustments
Angle of Attack

• Angle of attack is the 
relationship between the nose of 
the screed & the trailing edge of 
the screed
• Nose up attitude
• Screed reaches equilibrium

Screed Adjustments - Grade & Slope
• Use depth control cranks or “screws”
• Use tow points
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16



Screed Adjustments
Increase Angle of Attack

• More material passes under 
screed
• Screed rises to new level
• As screed climbs, angle of 

attack decreases
• Re-establish same angle, 

but at increased depth

Screed Adjustments
Screed Reaches New 
Height

• Achieves  equilibrium 
• Resumes original angle 

of a attack
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Screed Adjustments
• Screed reacts to change in angle of attack over 

5 tow arm lengths
• 65% of change occurs 

in the first tow arm length
• 35% of change occurs

in the last 4 tow arm lengths
• Factor improves rideability

Automatic Grade Control

Joint Match (yield)

4:1 reaction

immediate
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4:1 reaction for joint matching (yield)

Automatic Grade Control

Smooth

1:1 reaction

5 tow arm lengths
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1:1 reaction for smoothness

Proper Setup of Automatic Grade & Slope to Achieve Results

1. What does the Owner want?  How was the job bid?  Yield or 
Smoothness?

2. What reference surfaces will I have for my automatic G&S system?
– Centerline, shoulder, milled surface, granular surface, other?

3. Do I take off in automatic or manual?  Why?  Why not?

4. Ski – sonic or contact?  Single sensor?  

5. Do I run slope control?

57th Idaho Asphalt Conference, October 26, 2017

20



15 Steps to Setup &Take Off
Goal:  To have a smooth transverse joint & no 
mat defects from the start

Does this look like a good start?
• Rounded face at 

the joint

• Plunge cut too 
deep

57th Idaho Asphalt Conference, October 26, 2017
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• Cut straight starting joint
• Butt joint flat

• Tack butt joint
• Clean area where screed will 

rest

Good Starting Point

• Calculate thickness of starter 
boards

• General rule vibratory screed: 
¼” compaction per 1” loose 
depth

• Example:  Place 2-½” loose to 
end up with 2” after rolling

• In this picture, need ½” boards

Measure Height of Starting Joint
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Step 1:  Heat the Screed
• Prevents sticking

Step 2:  Position Tow Point Cylinders
• Straight line-of-pull
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Steps 3 through 6 
3. Set paving width
4. Set crown
5. Set extender height
6. Set extender slope

Step 7:  Lower Screed
• Place starter boards = 

to desired mat 
thickness

• Lower screed onto 
starting boards in 
“float” position
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Step 8:  Null the Screed
• Nulling the screed 

removes all the 
tension in the screed

• Use depth screws on 
each side until no 
resistance is felt

• The screed must be 
“free-floating” on the 
mix

Steps 9 through 12
9. Position end gates
10. Set auger height
11. Position feed sensors
12. Set feeder controls (conveyor ratio dial and mix height dial)
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Step 13:  Fill the Auger Chamber
• Fill auger 

chamber with 
asphalt mix to ½ 
auger height

• Use conveyors 
and augers

• Do not overfill

Steps 14 & 15 
14.Setup automatic 

Grade & Slope 
control (if using)

15. Pull off starting 
boards and quickly 
get to paving speed

57th Idaho Asphalt Conference, October 26, 2017
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Longitudinal Joints & the Paver Setup

First Pass:  Unconfined edge
• Keep end gates down

• Get mix out to end 
gates

• Have sufficient auger 
extensions and 
tunnels

57th Idaho Asphalt Conference, October 26, 2017
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• End gate down to 
create straight edge

• Overlap cold side 
1/4in

• Correct pre-
compaction height

• End gate up causes 
rounded edge, 
segregation and 
fractured aggregate

Joint Matching:  End Gate Overlap

Lack of Mix at the Joint
• Joint separation normally 

caused by lack of mix prior to 
compaction -- incorrect 
overlap

• Can be excessive raking

• Can be lack of tack on face of 
joint

Dr. Ray Brown
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Proper Amount of Joint Overlap

½ to 1
overlap

Fluff Factor (roll down)    ¼” per 1”

2” after compaction2½

½

57th Idaho Asphalt Conference, October 26, 2017
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Have auger extensions and tunnels

What we’re trying to avoid…

• Excessive head of 
material

• Segregation at end gate 
(joint)

• Lack of mix at joint

57th Idaho Asphalt Conference, October 26, 2017
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No Raking
• End gates set properly
• Correct overlap
• Correct height match
• Sufficient material to joint
• Rolls down to height match

Which side was paved first? 
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Don’t do this!!
• Use a cut-off 

shoe when 
paving width is 
less than main 
screed width

• Or get a smaller 
paver and 
screed

• Impossible to 
match lanes

Cut-off shoe
• Used when paving 

width is less than 
main screed width
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Wide-Width Paving

Wide-Width Paving

Variable Wide-width Paving
Variable Width …
• Find widest section

-- flat screed or sloped 
extension?
-- set up balanced 
extensions whenever 
possible
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Variable Wide-width Paving
Variable Width …
• Add necessary screed 

extensions
• Check angle of attack and 

flatness
• Install screed heat plug-in

Variable Wide-width Paving
Variable Width…
• Find narrowest 

section
-- What is minimum 

extension width?
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Variable Wide-width Paving
Variable Width …
• Add maximum allowable 

auger extensions
• Add maximum allowable 

mainframe extensions

Variable Wide-width Paving
Variable Width …
• Be prepared to shovel mix 

out to end gate at widest 
width
• Be prepared to shovel 

trapped mix when 
extension retracted for 
narrower width
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Variable Wide-width Paving
Variable Width …
• Position mechanical 

feed sensor
• Paddle 18” from end 

of auger shaft at 45 
degree angle

18”

Variable Width …
• Aim sonic feeder 

sensor at material 
moving off front of 
the auger shaft
• 18” from target

Variable Wide-width Paving
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Variable Width …
• Feeder system runs full 

speed when sonic 
sensor more than 30” 
from target
• Head of material erratic
• Throwing aggregate to 

create stripe

Variable Wide-width Paving

Variable Width …
• Still rolling forward 

around mainframe 
extension
• Stripe moving toward 

edge of mat
• Need to re-aim sonic 

sensor when paving 
width changes

Variable Wide-width Paving
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Fixed Wide-width Paving
• Install wide-width 

kit for extra auger 
and mainframe 
extension

Fixed Wide-width Paving

• Always cover auger extensions
• Helps guide mix out to end gate

12”

• Maintain head of material at half an 
auger all the way out
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Wide-width Paving
What Not To Do…
• Excessive head of 

material
• Averaging ski 

improperly installed
• Feeder sensor in 

wrong position

Wide-Width Paving
Checklist to Review with Crew…
• Confirmed maximum paving width (variable width)
• Confirmed minimum paving width (variable width)
• Installed necessary bolt-on screed extensions
• Installed maximum allowable auger and mainframe extensions
• Reviewed feeder sensor position(s)
• Installed wide-width kit (fixed width paving)
• Reviewed grade control set-up inside paving width
• Reviewed grade control set-up outside paving width
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Mat Texture – Angle of Attack
• Angle of attack of main 

screed and extenders 
should be set to produce a 
uniform mat texture

• Extenders have an 
independent angle of attack 
on hydraulic extendible 
screeds 

Mat Texture  - extender height lines
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Mat Texture – on/off augers…feed sensors
• Aim feed sensors for 

continuous auger 
movement

Summary:  Paver Setup & Operation
• Screed is “free-floating”
• Follow Paving by the Numbers setup (15 steps)
• Proper head of material is ½ auger height
• Depth cranks are used to change mat thickness and slope
• 5 tow arm lengths for full change in thickness to take place
• Changes in paving speed usually requires a change to mix feed 

settings (conveyors, mix height dial)
• Increased head of material causes screed to rise up
• Decreased head of material results in screed dropping
• Continuous mix feed and constant paver speed = smoothness!!
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© 2017 Caterpillar  All Rights Reserved
Materials and specifications are subject to change without notice.
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Thank-you for your attention!  
Questions?

October 26, 2017
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Compaction Theory and Best 
Practices

2017 Idaho Asphalt Conference
Moscow Idaho

October 26, 2017
Dave Johonson, P.E.

Senior Regional Engineer
Asphalt Institute

Understanding the Importance of 
Density  
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“More emphasis must be placed on 
obtaining adequate density.” 
– NCHRP Report 531 (2004)

Carl Monismith – “…we could improve the life of our 
pavements in California a very substantial amount with 
the existing materials that we have if we just changed 
the compaction specification for the asphalt concrete. 
Right now we build pavements that have shorter lives 

than they should.” (AAPT 1997)

Importance of Compaction

Importance of Compaction

“Compaction is the single most important factor that 
affects pavement performance in terms of durability, 
fatigue life, resistance to deformation, strength and 
moisture damage.” – C. S. Hughes, NCHRP Synthesis 152, 
Compaction of Asphalt Pavement, (1989)

“The amount of air voids in an asphalt mixture is 
probably the single most important factor that affects 
performance throughout the life of an asphalt 
pavement.  The voids are primarily controlled by 
asphalt content, compactive effort during construction, 
and additional compaction under traffic.” – E. R. Brown, 
NCAT Report No. 90-03, Density of Asphalt Concrete—
How Much is Needed? (1990)

Idaho Asphalt Conference
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Link Density to Pavement 
Durability  

Improved Compaction = 
Improved Performance

A BAD mix with GOOD density out-performed a GOOD mix with 
POOR density for ride and rutting.

WesTrack Experiment

Idaho Asphalt Conference
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Density vs. Loss of Pavement Service 
Life
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For both thicker and thinner, reduced in-place density 
at the time of construction results in significant loss of 
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- 5 studies cited for fatigue life
- 7 studies cited for rutting 
- “A 1% decrease in air voids was estimated to 

improve the fatigue performance of asphalt 
pavements between 8.2 and 43.8%, to improve 
the rutting resistance by 7.3 to 66.3%, and to 
extend the service life by conservatively 10%.”

NCAT Report 16-02 (2016) 

Literature Review on connecting in-place 
density to performance

Research on Critical Air Void Level for 
Impermeability

“…to ensure that permeability is not a problem, 
the in-place air voids should be between 6 and 7 
percent or lower. This appears to be true for a 
wide range of mixtures regardless of NMAS and 
grading.” – NCHRP 531
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Forces of Compaction 
and Roller Types

Vibratory  Screed Should Always be “ON”

Note: screed operator 
walking along side

Idaho Asphalt Conference
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Forces of Compaction

Compaction forces
• Low force

• Static pressure
• Manipulation

• Higher forces
• Impact
• Vibration

13

Effect of Roller Type, Size, Passes

Roller type and size affects:
• Magnitude of the load
• Manner the load is imparted to the pavement

Number of passes:
• Increases the density
• To break over point after a # of passes

• Lowers compaction
• If continued, damages mat

Idaho Asphalt Conference
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Roller Types

Pneumatic Vibratory

Static Steel-Wheeled

15

Static Steel-Wheeled Rollers

• 8 -14 ton rollers normally used 
for HMA compaction
– Commonly use vibratory 

rollers operated in static 
mode

• Lighter rollers used for finish 
rolling

• Drums must be smooth and 
clean
– Water spray & scraper bars

• For initial compaction, drive 
wheel must face paver must 
face paver

16
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Pneumatic Rollers

Reorients particles through 
kneading action

Tire pressures:
– ~80 psi (cold) for compaction
– ~50 psi (cold) for finish rolling
– Range of tire pressures not to 

exceed 10 psi
Used as Intermediate or as 
Breakdown Roller

Tires must be hot to avoid pickup

Tires must be smooth - no tread

Not used for PFC mixes or SMA

• Many experts believe kneading action helps in providing a tighter surface 
that is more dense and less permeable compared to drum rollers.

•Research supports this

• But must keep these away from the unsupported edge to avoid excessive 
lateral movement of mat. 

• Use during intermediate rolling of the supported edge.   
•Not finish rolling

Pneumatic Rubber Tired Rollers

Idaho Asphalt Conference
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Vibratory Rollers

• Commonly used for initial 
(breakdown) rolling

• 8-18.5 tons, 57-84 in wide (“heavy” 
rollers)
– 50-200 lbs/linear inch (PLI)

• Frequency:  2700-4200 impacts/min.
• Amplitude:  0.016-0.032 in.

–
amplitude or static mode

• Operate to attain at least 10 
impacts/ft
– 2-4 mph

What Makes Vibratory Rollers More 
Effective?

• Movement of drum initiates particle motion
• When particles are moving

• Resistance to deformation is reduced
• Force applied by weight of drum plus inertia

• Produces a greater compactive effect
• Achieving more compaction per pass than static rollersAchieving more compaction per pass than static rollers

Idaho Asphalt Conference
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How Does a Vibratory Roller Work?

2121222121212121221122122221211112211111

Vibratory Rollers - Amplitude

• Spinning eccentric 
weight causes drum 
movement

• Falling drum adds to 
compactive force

• Distance drum moves is 
called amplitude

• Amplitude determines 
impact force

High AmplitudeLow Amplitude

Idaho Asphalt Conference
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Vibratory Rollers - Frequency

• Frequency
• Drum impacts 

per minute
• Match travel speed 

to frequency
• Best results when 

impact spacing is 10-
14 per foot

Drum Impacts per Foot

Frequency 2 MPH 3 MPH 4 MPH 5 MPH
2000 vpm 11.36 7.58 5.68 4.55
2200 vpm 12.50 8.33 6.25 5.00
2400 vpm 13.64 9.09 6.82 5.45
2600 vpm 14.77 9.84 7.39 5.91
2800 vpm 15.91 10.61 7.95 6.36
3000 vpm 17.05 11.36 8.52 6.82
3200 vpm 18.18 12.12 9.09 7.27
3400 vpm 19.32 12.88 9.66 7.72
3600 vpm 20.45 13.64 10.22 8.18
3800 vpm 21.59 14.39 10.80 8.63
4000 vpm 22.72 15.16 11.36 9.10

Idaho Asphalt Conference
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Vibratory Rollers - Amplitude

• Amplitude too high
• Travel speed too fast
• Vibrating cool mat

• Roll closer to paver
• Finish rolling too cool

• Roll closer to 
intermediate roller

• Finish roller too light

Newer Roller Technology 
• Technology

• Intelligent Compaction 
• Vibratory Pneumatic
• Oscillatory Rollers 

Vibratory Pneumatic Roller 

Idaho Asphalt Conference
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• Color-coded display in cab – real-time feedback
• Optimum # passes are achieved more consistently
• Analysis of data provides insight into critical factors of the 

compaction process
• Proof rolling of base or mapping of existing materials

Intelligent Compaction Benefits

Oscillatory Rollers

Bomag

Sakai

Hamm

CAT

Idaho Asphalt Conference
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• Aid in compacting difficult mixes
• Lower cessation temperature 
• Contact suppliers for additional information

Newer Roller Benefits

Roller Operations 
& 

Roller Procedures

Idaho Asphalt Conference
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Compaction Variables at the Roller

• Roller Patters
• Sequencing
• Passes—A roller passing over one point in the may one time
• Roller Speed

• Rolling Zone
• General Rolling Operations
• Dealing With Challenging Mixes 

Traditional Roller Operations Sequencing

• Breakdown Rolling
• Intermediate Rolling
• Finish Rolling

Idaho Asphalt Conference
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Pattern Decisions

How many passes?
How to be sure mix is rolled at correct 
temperature?
How fast to roll?

Rolling Pattern

100 - 170 ft

Previously
Compacted Mat

• Roller width should overlap 6 inches
• Odd number of passes to advance
• Repeat uniformly

Idaho Asphalt Conference
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Establishing Breakdown Rolling Pattern

84

86

88

90

92

94

96

98

0 2 4 6 8 10

Percent t GGmm

Goal: 93.5% Gmm

Select: 3 Passes
(Intermediate will get 
the rest of the density)

Rolling Pattern

• Speed and lap pattern for each roller
• Number of passes for each roller

• One trip across a point on the mat
• Set minimum temperature each roller finishes

IMPORTANT:
• Paver speed must not exceed compaction!!!
• Paver makes single pass
• Roller pattern requires 3-7 passes

ishes

Idaho Asphalt Conference
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Breakdown Rolling

• First roller behind paver 
• Gets most of density
• Begin at highest 

temperature without 
huge mat distortion

• May have to work very 
close to paver for some 
mixes

• May be performed with 
two coordinated rollers 

Breakdown Rolling

• Traditionally 3-wheel steel
• D/D vibratory most common
• Vibration most productive 

during breakdown
• Pneumatics

• Used on base courses
• Leveling courses

• Forces mix into cracks
• Compacts without bridging 

minor ruts
• Can leave marks – may be 

harder to roll out

Idaho Asphalt Conference
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Intermediate Rolling

• Final step in getting density and initial smoothness
• Mat hot enough to allow aggregate movement
• Mat already close to final density
• Too much force will fracture aggregate
• Typical roller type:  

• Traditionally pneumatic 
• Vibratory at low amplitude and/or static mode

Pneumatic Roller

Idaho Asphalt Conference
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Finish Rolling

Main purpose 
• Minimal compaction
• Smoothness 
• Removal of any marks
• Once smooth, stop rolling

Typical roller types:  
• Tandem steel-wheel 
• Pneumatic w/lower pressure
• Vibratory static mode only

General Rolling Procedures

For best results
• Roll at highest 

temperature without
excessive displacement

• Stay close to paver
• Monitor weather
• Keep up but not too fast

• Slower paver speed
• Not faster roller speed 

Idaho Asphalt Conference
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Assume:
2-Inch Compacted Mat
12-Foot Pull
140 lbs/ft3 Compacted Unit Weight

Paver Speed and Output

General Rolling Procedures

Overlaps

152 mm (6")

• 6” overlap assures 
uniform compaction

• Include overlap 
selecting drum width

• Roller should cover 
mat in no more than 
3 passes

Idaho Asphalt Conference
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General Rolling Procedures

Reversing Directions
• Avoid straight stops
• Turn toward center of mat
• Don’t turn drum while stopped
• Next pass should roll out any 

marks created by reversing

Compact the Mat While It Is Hot!

Stay Close to the Paver with Breakdown Rollers.

Always Stop and Reverse Directions at an Angle!

Idaho Asphalt Conference
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Why Rollers Need to Turn to Stop

General Rolling Procedures

Rolldown
• Paver lays thicker lift
• Roller compacts to 

the design thickness
• Superpave mixes 

rolldown ~ 25%
• SMA, PFC & other 

open-graded mixes 
rolldown ~15%

Idaho Asphalt Conference
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Summary of “Good Practice”

• Compact mat when it is hot!
• Conduct a density control strip at the beginning of the project

• Determine optimum roller pattern
• Stick with roller pattern throughout project unless something changes in 

the conditions
• Reverse directions properly

• Turn into stops
• Do not turn while standing

• Do not stop roller on hot mat
• Use proper technique when compacting longitudinal joints

(See Asphalt Institute Webpage: asphaltinstitute.org)

What is Achievable?

Questions/Discussion

Idaho Asphalt Conference
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