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Introduction Participant Workbook

About This Workbook

This workbook has been developed as a resource for participants. This workbook can be used
during the training session to follow along with the instructor and take notes, as well as for
reference after the module has ended.



Module E: Mechanistic Empirical Pavement Design Guide Introduction

Course Overview

The Federal Highway Administration (FHWA) Highway Materials Engineering Course (HMEC) is a
comprehensive multi-week training event that consists of eight content “modules” that provide
students with the knowledge to develop materials specifications and guidance, make effective
acceptance decisions, and design, construct, and maintain assets with a long service life.
Modules range in duration for the number of days they take to complete. The modules are:

e Module A: Quality Assurance

e Module B: Soils and Foundations

e Module C: Steel, Welding, and Coatings

e Module D: Aggregates for Transportation Construction Projects

e Module E: Mechanistic Empirical Pavement Design Guide

e Module F: Asphalt Materials and Paving Mixtures

e Module G: Portland Cement Concrete

e Module H: Evaluating Recycled Materials for Beneficial Uses in Transportation

Introduction

Module E: Mechanistic Empirical Pavement Design Guide (MEPDG) is the fifth module in the
HMEC. Although other modules and workshops are presented on this topic, Module E provides
content that is specific to materials engineers. Participants will be given the information that
they need to more proficiently and actively review agency- and consultant-generated pavement
designs to ensure their alignment with the appropriate materials designs. Participants who do
not normally review pavement design, or only perform a cursory review, will learn how to
review pavement design with more knowledge of what they are looking at, and how the
material design selected by the designer may impact the ultimate pavement service life. This
was not done before the advent of the MEPDG approach.
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Module E Overview

Below is a visual overview of all of the lessons covered in this module:

1 Intro to Web-
based Training
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Module Goals

The goals for this module are as follows:

Explain the principles of the Mechanistic-Empirical Pavement Design Guide (MEPDG)
approach and how it differs from empirical methods used in the past

Explain the interactions between various input parameters, materials properties,
pavement layers, and design features as they relate to predicted pavement
performance

Identify the material property inputs to the Pavement ME Design software and how to
get them from the laboratory, material catalogs, or national sources of input values
Analyze the sensitivity of various materials inputs to understand their impact on
predicted pavement performance

Describe the relationship between the Pavement ME Design software inputs and
predicted performance and note any known limitations in the software prediction
models, particularly those that relate to materials

Explain the difference between level 1, 2, and 3 inputs and their impact on the
design/performance

Learning Outcomes

Lesson 1: Introduction

LO 1.1: List the basic factors required in designing a pavement structure

LO 1.2: Compare mixture design and pavement design related to materials in terms of
predicted pavement performance

LO 1.3: Distinguish between empirical and mechanistic empirical design methods

LO 1.4: List the factors that may affect the predicted performance of pavements in
Pavement ME Design

LO 1.5: Describe the steps of a Pavement ME Design analysis

LO 1.6: Describe the iterative design process used with Pavement ME Design software
LO 1.7: Describe the performance parameters analyzed by Pavement ME Design
software

LO 1.8: Explain how pavement prediction models from Pavement ME Design are being
incorporated into the evaluation of asphalt and concrete paving mixtures

LO 1.9: Using an example, identify important considerations for pavement design
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Lesson

Lesson

Lesson

2: Project Level, Traffic, and Climate Inputs

LO 2.1: Explain the approach to setting appropriate performance thresholds in the
Pavement ME Design software through consultation with the individual agency’s
pavement policy

LO 2.2: Identify the approach for setting the trial pavement structure

LO 2.3: Explain why the Pavement ME Design offers input options to the user and
provide examples of the differences between input levels

LO 2.4: Select traffic inputs that are commensurate with the roadway functional class
LO 2.5: List options for selecting weather stations and depth to groundwater table

3: Materials Inputs

LO 3.1: Identify the properties of unbound materials for use in pavement structural
design

LO 3.2: Determine properties of untreated granular layers

LO 3.3: Determine properties of treated/stabilized base and subbase layers

LO 3.4: Identify properties required for different input levels for asphalt layers

LO 3.5: Identify properties required for different input levels for concrete layers

LO 3.6: Distinguish differing inputs and features of CRCP versus JPCP

LO 3.7: Define the materials properties for assessing the existing pavement as part of a
rehabilitation pavement design

LO 3.8: Define design reliability

LO 3.9: Name five aspects of variability in the factors that affect pavement performance

4: Flexible Pavement Design

LO 4.1: Perform an evaluation of completed Pavement ME Design new flexible
pavement designs

LO 4.2: Perform an evaluation of completed Pavement ME Design rehabilitation flexible
pavement designs

5: Rigid Pavement Design

LO 5.1: Perform an evaluation of a completed Pavement ME Design new rigid pavement
design

LO 5.2: Perform an evaluation of a completed Pavement ME Design rehabilitation rigid
pavement design

6: Hot Topics

LO 6.1: Describe the challenges of pavement analysis and design

LO 6.2: Evaluate the limitations of the Pavement ME Design software for pavement
design or rehabilitation

LO 6.3: Discuss emerging trends, new technology, and issues related to pavement design
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ILT Instruction Icons

The following icons are used on the slides as a cue to the instructor and participants:

Group Exercise

Provide directions for exercise.

Icon Icon Name Typical Use
= Timer Call out the estimated time for the lesson
Important Call out important information.
8 Information
Q&A Check for understanding or agreement.
Survey participants.
Solicit feedback.
r q Breakout/Small Break participants into groups.
o Fa
cd

Video/Sound Show a video.

Reference Reference another document or resource.
Links Share a Web link for additional resources.
Whiteboard Draw or document something on a

whiteboard or easel pad.

Introduction
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Icon

Icon Name

Typical Use

Safety

Call out important safety information.

Common Error

Call out a system or process that is often

misused.
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Slide 1

Highway Materials Engineering Course

Lesson 2: Project Level, Traffic, and Cimate inputs

MODULE

Mechanistic Empirical Pavement
pp  Design Guide (MEPDG)
@

Federal Highway Administration

E1-1
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Slide 2

Participant Workbook

Course Overview

Module A: Madule B:

Quality Assuranca sundations

[WET)

Module A: Meodule B:

Ouality AsSiranos Solls & Foundations

{ILT}

Module D: Madule F:

(=3

Module F:
Asphalt

{ILT}

MODULE E

Training Conducted at Home State

Training Conducted at Frederick, MD

1% — 3 weeks of lanuary

Module D:

A Week af lanuary, 19 wesek of February
Meodule €: :

2nd _ 4t weeks of February

Module G: : Module H:
PCLC Recycling
(ILT) [WCT]

PROJECT LEVEL, TRAFFIC, AND CLIMATE
INPUTS

LESSON 2

E1-2
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Slide 3

Training Conducted at Home State
Module E Overview Training Conducted at Frederick, MD

Web-based Training (WET) 2 — 4t Weeks of February

1 Introto Wab-

based Training

Instructor-led Training (ILT) 1% and 2 Weeks of March
Project Level, Flexibda
Traffic, and 3 Matarials Inputs ] Pavement 5 Rigid Pavement & HotTopics
Clirate Inputs Deaslgn Loz
P AN ’
Rewview and Final
Agsessrment

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

UE Departmart of Transgariation | WMODULE E LESSON 2
Fuderad Highway Administrazion INFUTS
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Slide 4

Learning Outcomes @

By the end of this lesson, you will be able to:

* Explain the approach to setting appropriate performance thresholds
in the Pavement ME Design software through consultation with the
individual agency’s pavement policy

* |dentify the approach for setting the trial pavement structure

= Explain why the Pavement ME Design offers input options to the
user and provide examples of the differences between input levels

* Select traffic inputs that are commensurate with the roadway
functional class

* List options for selecting weather stations and depth to
groundwater table

E—j This lesson will take approximately 4 hours to complete.

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

UE Departmart of Transgariation | WMODULE E LESSON 2
Fuderad Highway Administrazion INFUTS
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Slide 5

(]

U % Bepartmact of Transpartation

Fadersd Highway Administragion

Lesson 1 Review

* Factors required in designing
a pavement structure

* Compare mixture design and
pavement design related to
materials in terms of
predicted pavement
performance

= Empirical and mechanistic
empirical design methods

* Factors that may affect the
predicted performance of
paverments in Pavement ME
Design

MODULE E

L]

PROJECT LEVEL, TRAFFIC, AND CLIMATE

Steps of a MEPDG analysis

Iterative design process used
with Pavement ME Design
software

Performance parameters
analyzed by Pavement ME
Design software

Explain how pavement
prediction models from
Pavement ME Design are
being incorporated into the
evaluation of asphalt and
concrete paving mixtures

LESSON 2

INFUTS

Lesson 1

E1-5
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Slide 6

Participant Workbook

MEPDG Implementation and Challenges

* What aspects of the Pavement ME Design are beneficial and

achievable from your perspective?

* What aspects of the Pavement ME Design are challenging for

your home State to implement?

@ Take five minutes to answer the following guestions.

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

UE Departmart of Transgariation | WMODULE E s
Fuderad Highway Administrazion

LESSON 2
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Slide 7

Exercise 1: Lesson 1 Review
1.

Explain mechanistic and empirical design processes. What are the
differences in the approach to analysis in each? How is a
combination of mechanistic and empirical processes best used?

Do the climate and site conditions have an impact on material
properties in the Pavement ME Design performance models?

How do traffic characteristics influence the material properties in
Pavement ME Design?

What are variables that may affect pavement performance, but
might not be included in the Pavement ME Design analysis?

What does an agency need to do for Implementing Paverment ME
Design and who can facilitate the implementation process?

[27) Let's review Lesson 1. Break into groups of two or three, and take the next
L&) few minutes to talk about the answers to these questions.

(]

PROJECT LEVEL, TRAFFIC, AND CLIMATE

UE Departmart of Transgariation | WMODULE E LESSON 2
Fuderad Highway Administrazion INFUTS

Lesson 1

E1-7
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Slide 8

Pavement Design Continuum @

AASHTO 93 MEPDG

Empirical

State-of- State-of-the-
Practice Art

Current
Practice

Q . ) .
FROJEGT LEVEL, THAFFIG, AND CLIMATE
& Departmart of Tranaparisiion MODULE E * .

LESSOMN 2 8
mart o Transg
Fuderad Highway Administrazion ears l

This continuum qualitatively summarizes pavement design practice as it exists today. Note the
distance between the current practice and state-of-practice and between the state-of-practice
and state-of-the-art. Most agencies (approximately 90%) currently use AASHTO-based empirical
design procedures (72, 86, or 93). The state-of-practice is the most advanced practice being
used by DOTs at this point (some use mechanistic empirical design). The state-of-the-art is
where current research activities in pavement design are leading us.

Recall the empirical design (such as the AASHTO 1993 version) is based on statistical models
from road tests. Then, mechanistic empirical design includes the calculation of stresses/strains
combined with empirical pavement performance models, like the MEPDG approach.

Finally, a mechanistic design would include mechanistic-based pavement performance models

and is the area in the continuum where researchers are pushing forward toward for the future
of pavement design.

E1-8
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Participant Workbook

AASHTO Design Versus ME Design

AASHTO 1993 Design Vs, MEPDG Design Approach

* There are a number of differences between the 1993 AASHTO

design and the new ME Design approach

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

UE Departmart of Transgariation | WMODULE E
Fuderad Highway Administrazion

LESSON 2

INFUTS
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Slide 10

AASHTO Design Versus ME Design @

AASHTO 1993 Design V. MEPDG Design Approach

AASHTO 1993 Design [x] cLose

= Based on defaultinformation from the AASHO Road Test

Includes statistical models and empirical measurement of pavement
performance

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

% fepartmart of Transparation IHFUTS
Fadersd Highway Administration

The AASHTO 1993 design is based on field measurements and observations taken from the
AASHO Road Test, which were then used to create empirical models including statistical
correlations. The AASHTO 1993 design further refined the statistical models and empirical

measurements for use as inputs in the estimation of pavement performance and calculation of
required pavement layer thicknesses.

One of the major differences in the two approaches is how the traffic loads are characterized.

The AASHTO 1993 design is still founded on the traffic loads originally modeled from the AASHO
Road Test.

E1-11
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Slide 11

AASHTO Design Versus ME Design @

AASHTO 1993 Design V. MEPDG Design Approach

MEPDG Design Approach E CLOSE

*  Only considers FHWA vehicle classes 4 and higher and relies on
infarmation such as truck speed, axle conflguration, ate.

Defaults based on measurements from the FHWA long-term pavement

performance field sections all across the US

hMechanistically calculates structural responses

Uses two types of empirical models

PROJECT LEVEL, TRAFFIC, AND CLIMATE
WA Departmart of Tranepariabion INFUTS
Fadersd Highway Administration

One of the major differences in design approach lies in how traffic loads are characterized. The
ME approach only considers FHWA vehicle classes 4 and higher and relies on information such
as truck speed, axle configuration, etc.

ME design defaults are based on measurements from the FHWA long-term pavement
performance field sections all across the United States.

Structural responses (stresses, strains, and deflections) are mechanistically-calculated in ME
design and are based on material properties, environmental conditions, and loading
characteristics.

There are two types of empirical models used in the MEPDG. One model predicts the distress
directly (e.g., rutting model for flexible pavements, and faulting for rigid pavements). A second
model predicts the damage, which is then calibrated against measured field distress (for
example, fatigue cracking for flexible pavements and punch outs for continuously reinforced
rigid pavements).

E1-12
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Slide 12

Overarching Pavement Projects @

« New HMA (low traffic valume) | Ml {Teamin
— Washington élw o =

» New HMA (high traffic volume) é E"" ’-i?'"" %“??'”'
— Florida S —

« JPCP (high traffic volume) TR T
- vt E=

* Rehab HMA over HMA (high traffic volume) é w
— Washington f $“ e

+ Rehab HMA over JPCP (high traffic volume) w™ ro™ b o)
— Indiana —- :'""::” Cr——

r
2{ et trmornie | MODULEE |  PROVECT LEVEL, TRAFFIC, AND CLIMATE| | ooy 5
wl Highway Administragion

Fadar

Layertype | Material Type |Thickness (in.)
|Flexicle AC 50
[MonStabiized [A-1+ 10.0
Subgrade  |A-1b Semi-infinite

Layer type Material Type | Thickness (in.):

== |Flexible AC 1 40

Lemss | Flexible AC 2 40

e [NonStabiized [A-1-b 80
Subgrade At Semi-infinite

E1-14
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Layertype | Material Type | Thickness {in.): |
PCC pCC 110
MonStabilized |A-1-b &0
NonStabilized [A-1-b 120
Subgrade A-2-4 Semi-infinite
Layer type Material Type | Thickness {in.):
Flexible oetault asphal 30
Flaxible AUl saphal 9.0
MonStabilized Crua-hed stane B.O
MNonStabilized |&=1-b 10.0
Subgrade A-1-b Semi-infinite
Layertype | Material Type | Thickness (in.):
= , | Dafault asphait
Flexible concrele 45
e |PCC JPCP Default 8.0
L NeonStabilized |A-1-a 6.0
Subgrada AL Semi-infinite

These sample pavement projects were selected from LTPP sections nearby or in each of these
States and were intended to represent a range of pavement design types and truck traffic
volumes. In this module, we will focus primarily on these types of pavement designs, although

we will also explore the CRCP pavement later on in Lesson 5.

E1-15
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Participant Workbook

Reviewing Pavement Design Manuals and
Mix Design Specifications

Florida DOT

:' Washington State Department
Indiana DOT

of Transportation

'£§{41.mi‘?
-
! 1M
Utah DOT

Iy

’Ex.
£ 4 -
T EMH
& T | ND II MM .rhi"::\_pf %Q
o8 o
A
Washington DOT |

'y

e
u
A
Lwn ¥ ) _,.f g MA
e ||_$D hJ A A ‘If.lufi::.f ___N_:,.a%g
oS N —Ne \ B/ b
'E \ \_\B | kS

)

% Bepartmant of Tranmge

Fadersd Highway Admin

PROJECT LEVEL, TRAFFIC, AND CLIMATE

NPuTS| LESSON2

E1-16



Module E: Mechanistic Empirical Pavement Design Guide

Slide 14

Shout It Out: Pavement Design Manuals and

Mix Design Specs

| | FloridaDOT | Indiana DOT | Utah DOT | Washington DOT
Empirical
L Mechanistic- AASHTO 1943 Empirical AASHTO
Empirical
Design approach AASHTD 1993 Ernprical fand MEFDG a5 1993 (and MEPDG as
(MEPDG) secondary) secondary)
L LT AL 2008/2009 2013 2009 2011
Edition
Climatic Dry-Freeze and
‘Wet-No Freeze ‘Wet -F Diry-F
considerations “ reee e WeL-No Freeze
Impacts on
material ¥ Y ¥ ?
properties
Lacal
Material and
Example sources Tk Averal | Frost depth Pavement thickness
of data inputs data fr traffic data data catal
P Florida catalogs o8
materials

)

uE fwpartmart of Transpariation MODULE E
Fadersd Highway Administragion

FPROJEGT LEVEL, TRAFFIGC, AND CLIMATE

nPuTs| LESSONZ

14

Lesson 1

E1-17
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Slide 15

Pavement Types @

AC over AC
Flexible AC Overlay —
"
“— AC over |PCP
M
| =
Li }]
E =
a . r—: IPCP over IPCP
- 1pCP ]
(w1 o
"
= o
@
=
CRCP over JPCP
CRCP PCC Overlay
E—
“— CRCF over CRCP

2
PROJECT LEVEL, TRAFFIC, AND CLIMATE
hr—— T poTs| LESSON 2

Fadersd Highway Administragion

This slide shows both the new flexible and new rigid pavement types that can be analyzed in the
Pavement ME Design software. The right side of the slide introduces the types of overlays (of
existing flexible or existing rigid pavements) that can be analyzed in the software.

E1-18
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Slide 16

MEPDG Manual of Practice

* MEPDG Manual of Practice is
currently the 2008 version

V5 Dwparnmmet of Tranepartstion

Fodersd Mighway Administration

Mechanistic-Eapirical

Pavement Design Guide

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

INpUTS| LESSON2

The MEPDG Manual of Practice is currently still the 2008 version.

Lesson 1

E1-19
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Slide 17

Performance Criteria - Flexible Pavement @

Performance Threshold Value at End

Paverment Typae N . B
¥F Criteria of Design Life

Interstate: 10% of lane area
Primary: 20% of lane area
Secondany: 35% of lane area

Alligaror cracking
[HMA bottom up cracking)

HRA - Intarstate: 0,40 in.
fi
pavemen  RUtdepthlpetmanent deformationinpiery0 50in
& overlays F Others (< 45 mph): 0,65 in,

Interstate: 500 ft./mile

Transwerse cracking length {thermal Primary: 700 ft./mile

TELT) Sacondary: 700 ft./mile
"l Intarstate: 160 in./mile
Primary; 200 in/mile
s, Secondany: 200 in./mile
Surface down fatigue cracking Default value: 1,000 fe./mile

[lzngitudinal cracking)
Reflective cracking (from existing HMA,

JPCP, or CRCP helow) Default value: 15% lane area cracked

PROJECT LEVEL, TRAFFIC, AND CLIMATE LESSOM 2

u & Departmart of Transparstion IHFUTS
Fadersd Highway Administragion

These values are based on the functional classification of the roadway. This table introduces the
performance criteria (damage types) and the recommended terminal distress threshold values
for flexible pavements and flexible overlays of existing flexible pavements.

The threshold values increase as you go from an interstate type pavement down to a secondary
roadway because you are willing to allow more damage to build up before you are in need of
scheduling pavement repairs. Part of the reason is that vehicles travel much faster speeds on
interstate facilities (so there is a safety element) and also, it costs both the users and the
agencies much more S to set up a work zone on an interstate to make pavement repairs, as
opposed to on the lower functional class roadways.

E1-20
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Slide 18

Performance Criteria - Rigid Pavement @

Performance Thrashold Value at End
Criteria of Design Life

Pavement Type

Interstate: 0.15in.
Mean joint faulting Primary: 0.20i0n.
Secondary: 0.25in.

JPCP new Percent transverse L s

\ Primary: 15%
|
and overlays slab cracking Secondary: 20%
IRl Interstate: 160 in./mi
smoothness) Frimary: 200 in./mi

Secondary: 200 in./mi

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

U Bepartmart of Tranagpariation LESSON 2
Fadersd Highway Administragion (L TLE

Again, these values are based on the functional classification of the roadway. This table
introduces the performance criteria (damage types) and the recommended terminal distress
threshold values for rigid pavements, primarily faulting, percent of slabs transverse cracked, and
ride quality (International Roughness Index, IRI). The same trend is noted here in terms of how
the threshold values increase with the drop in roadway facility level.

E1-21
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Reliability @
F' ,’j
probability of i
failure (o) o /
IRIra:Iure v - : ..f/
Ve
IRy oo .
prediction at —3 T .. reliability
reliability R ___.--"" . R=({1-a)
aaaaa L
IRI |t mean prediction
! R = 50 percent

PROJECT LEVEL, TRAFFIC, AND CLIMATE
INPUTS

LESSON 2

Reliability is defined as the probability that the predicted performance indicator of the trial
design will not exceed the design criteria within the design-analysis period.

The table shows that not only will the level of reliability (out of 100%) change with a road’s
functional classification but also with its location (urban versus rural).

A good way to look at it is to show that 100% - the reliability selected = the risk that a designer
is willing to take on a project not reaching its full design life.

The trial design is evaluated for adequacy against user input performance criteria and reliability
values through the prediction of distresses and smoothness. If the design does not meet the
desired performance criteria at the specified reliability, it is revised and the evaluation process is
repeated as necessary.

For example, a design reliability of 90% represents the probability (9 out of 10 projects) that the
mean faulting for the project will not exceed the faulting criteria.

E1-22
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Reliability can be selected as a lower value for pavements designed in rural locations since
generally they carry less traffic volumes. However, it should be noted that high level reliability is
also very conservative in design and tends to result in over-thick pavements. (See graph from
the MEPDG Manual of Practice)

E1-23
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Slide 20

Software

MEHTOWre

Pavem
ME Design 1 For state-of-the-art pavement design

ﬁ Downloads Doouments XML Vahdator Informaton Report Bugs Licensng Webnars

Pavement
ME Design 2.0 Released

AASHTOWare Pavement ME De

AASHTOWare Pavement M-E Design .

sign

Ry ¢ S R FROUECE LEVEL, TRATENy A0 S | LEssoN2

Fodersd Highway Administration

The AASHTOWare Pavement ME Design Software can be downloaded (with a license) from the
AASHTO website and its various release versions are noted in the “News” section on the right-
hand side of the screen.

E1-24
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Slide 21

Software Roadmap @

General Inputs

Performance Targets for Pavement Design
Trial Structure for Pavement

Traffic Inputs

Climate Selection and Other 5ite Properties

haterials Selection for Paved Layers

000000
POHOPO

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

UE Departmart of Transgariation | WMODULE E LESSON 2
Fuderad Highway Administrazion INFUTS

The AASHTOWare Pavement ME Design Software has six main data entry windows: General
inputs, Performance Targets for Pavement Design, Trial Structure for Pavement, Traffic Inputs,
Climate Selection and Other Site Properties, and Materials Selection for Paved Layers. Each data
entry window provides space to enter data inputs. These will be covered in detail throughout
Lessons 2 and 3.

E1-25
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Slide 22

Project-Level General Information Inputs @

PROJECT LEVEL, TRAFFIC, AND CLIMATE

INFUTS LESSON 2

Projectl:Project ]
General Information
Design type: [ - ]
Pavement type: [ - ]
De=ign life (years): [21] v]

Existing construction: [May '] [21]15 ']
Pavement Dnmstruc:tinn{.h.mr v] [21]15 v]
Traffic opening: [Seatstm v] [21]15 v]

The different parts of the General Information to the analysis tool include design life, type of
pavement (flexible, rigid, composite), type of design (new versus rehabilitation), and key dates

in the phases of the design.

E1-26
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The design life does not consider the potential for intermediate pavement light maintenance or
repairs, nor preservation treatments, over the pavement’s service.

Existing construction is defined as the last time the pavement underwent construction or major
rehabilitation.

Pavement construction is the date at which the final surface (either asphalt or concrete) will be
placed.

Traffic opening is the date at which the maintenance and protection of traffic (effectively, the
work zone) will be taken up and traffic will be permitted on the final pavement surface.

E1-27



Lesson 1 Participant Workbook

Slide 23

Exercise 2: Project-Level Performance
Criteria

OTHER DISTRESSES

Reliability Faulting

Smoothness (IRI) Thermal Cracking

% Slabs Transverse Cracked Total and AC Rutting

£ &) the performance criteria? Take 3 minutes to document your answer.

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

MODULE E LESSON 2

INFUTS

% Bepartmact of Transgart
Fadersd Highway Administragion
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Overarching Pavement Projects
General Inputs and Performance Criteria

Mew HMA Low Traffic - Washington

M HRA Fowr tratls Pt | - ¥
Caemwsl bt Padowrinos Caats L Padbar,
o | | -

e . T T — s B=
Dotign B byl L TR 000 |
Poor v (M T A v b g cackng g n =
Feewrenl consincicrydem:. ) (2TH )| Tpe——— L
([ PPN T (] —————r s =
ermar ek ormaiony < AL omiy B ik =
New HMA High Traffic - Florida
Wra HELL high iratle__Froject | =N
G bt Tedurarca Cnmea FEL=T
e e

Fomprasitvbt (Pl Pl m | W T i vl W s
s i oy LR T ——— am |
S coMTENT .m v W [ PP e — i "
Paetirand sosrebor| R = XH e Lha 1 g -
Trulic opareng: [ [T T | e ————————y 14 5
oFe 5

Pommgrart clofmrngion - A0 olp i)
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New HMA Low Traffic — Washington

Inttial IRl (n_/mile)
Teminal IRI (in./mile)
AC top-down fatigue cracking {ft/mile)

AC bottom-up fatigue cracking (percent)

AC themal cracking {ft/mile)

Pemanent deformation - total pavement (in.)
Pemanent deformation - AC only (in.)

New HMA High Traffic — Florida

_/ New HMA_high traffic_...:Project
General Information
Design type: |M Pavement '] Initial IRI (in./mile)
Pavement type: [Flud:ln Pavement - ]
Design life (years): 20 | | ACtopdown fatigue cracking f/mite)

Base construction: |0dabt v| 2014 ¥ | AC bottom-up fatigue cracking (percent)

PavetwﬂmtructomlNom 'l |zu14 v] AC thermal cracking @t/mile)

Traffic opening: (Nover v|[2014 ~| Permanent defomation - total pavement (in.)
Pemanent deformation - AC only (in.)

& & & &S
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WSDOT has for the past 40 years (or more) used the perpetual pavement concepts (50 year
pavement designs) to design pavements. About 99 percent of our pavements crack from the top
down. The beauty of this is for rehab the pavement tells us what is needed for mill and fill
purposes. For most of our rehab jobs we simply core the cracks and find that normally a 0.15’
(1.8 inch) inlay is sufficient. We continue to get pavements with long life even on mill and fill
projects and do not spend an enormous amount of time with pavement design for
rehabilitation projects.

The user can define when the base is constructed (in a new pavement section) as well as when
the final surface pavement lift is completed, and finally when the traffic is permitted to
commence on the new pavement (usually the same month as the final surface pavement lift
was placed in the case of flexible pavements).

The list of distresses are presented next and then the user must input the target distress
threshold values in the Limit column. These values should not be exceeded by the predicted
distresses or else the trial pavement structure or materials should be altered in an attempt to
improve pavement performance and meet the design life. The final column is the Reliability
level for the trial design and the value entered is reflective of the roadway’s functional class.
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Overarching Pavement Projects
General Inputs and Performance Criteria

Mew IPCP High Traffic- Utah

Mo IPCF_bigh tratic_ Pocpuct’
[y ——
-, e Pamiras .
Frereibpe  Jenbed R Coromis ~
g e [ :_;'n -

pﬂvrvimlm!hu '|.Ilﬁ -
e ) |

* Distresses Predicted for Rigid + Distresses Predicted for Rigid CRCP

IPCP new pavements and (continuously reinforced concrete)
overlays pavements and overlays
— Terminal IR — Terminal IR
-  Punchouts
— Transverse cracking .
o ) - Maximum crack width
— Mean joint faulting - Minimum crack load transfer efficiency

[
L] FROJECT LEVEL, TRAFFIC, AND CLIMATE | | ..o o

MODULE E INFUTS

U % Bepartmact of Transpartation
Fadersd Highway Administration

E1-32



Module E: Mechanistic Empirical Pavement Design Guide Lesson 1

New JPCP High Traffic — Utah

/" New JPCP_high traffic...Project” | Sl
General Information Perfomance Criteria Lt
Design type: [New Pavement v - : 5
Pavementtype: [Jointed Plain Concrete | | Tminal IRI in./mile) LT
Design life (years) {20 | [ 1PCP traneverse cracking percent sebe) 2|
Moon ot facking 1) 015 |9

Pavanefnmm:cuon{.hm v”ZNS .'|
Traffic opening: ISq:ten VI|2016 vl
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Participant Workbook
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Overarching Pavement Projects
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General Inputs and Performance Criteria
Rehab HMA over HMA - Washington
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Rehab HMA over HMA - Washington

Rehab_HMA over HMA....Project | - X
General Information Performance Criteria Lmt  Reliabiity ~
oesnpe (oot e ———— T
Pavementtype:  [ACoverAC *)  [Teminal IRI n./mie) 160 90
Deaipnlife {years): 15 v] ['ACtop-down fatigue cracking ft/mile) 2000 (90
Existing construction: (May  ~| (1995 ¥ |'AC pottomup fatigue cracking percent) 10 %0 =
Pavm‘reuﬂconstrwl:ion[.h.m v] |2016 v] AC themal cracking t/mile) 500 30
Traffic opening: [.h.ne '] [2015 '] Pemanent deformation - total pavement (in.) 04 S0

Permanent deformation - AC only (in) 025 |0 L
AC total cracking - bottom up + reflective (percent) 15 50 | ~
- _4

Rehab HMA over JPCP - Indiana

Rehab_HMA over JPCP...:Project | - X
General Information Performance Criteria Limit Reliability
Design type: (Overay initial IRI §n_/mile)

Pavement type: (AC over JPCP ] [Teminal IRI (in./mile) 160 95
Design life (years): (20 ¥]| [ACtopdown fatigue cracking ft/mie) 2000 |95
Existing construction: (Octobe v (1989 | AC bottom-up fatigue cracking (percent) 10 95
Pavement construction{June v | (2016 »| ['AC themmal cracking t/mile) 500 |95
Traffic opening: [June ~][2016 | |Pemanent deformation -total pavement (n.) 04 95

Pemmanent deformation - AC only {in.) 0.25 85
. AC total cracking - bottom up + reflective (percent) 15 50
: @Add Layer “ Remove Layer . JPCP transverse cracking (percent slabs) 10 '95

|- 4
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=as

Performance Validation

Mew HMA Low Traffic - Washington

Predicted Total Rutting {Permansnt Deformation)
[T

Mew HMA High Traffic - Florida

Predicted Total Rutting { Permanent Defermation)
1o

i e 124
Sy —
— Thrsthaldwalus g o = Theesholivabes | || I
gt s re”
..... & GpecifisdHalisbilig ? R i ) n._?:
== i SO Rl ability i.1? TR S ﬂﬁ"“’“"“‘"‘i-.— L
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—
¥ I_.r;"'_:-""
o B
B 2 4 B W 1z M K o m B I 4 & B 10 12 14 & A 20

8
Favaims it Aan [ymird]

Fawamisnt Ags uesrcl

Was this pavement overdesigned for this application, if the rutting was the
controlling distress for the pavement design?
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New HMA Low Traffic — Washington

Predicted Total Rutting (Permanent Deformation)

Participant Workbook
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This slide shows how to read an example of a plot generated from Pavement ME Design. Explain
fail/pass concept.

In order to verify whether the trial design will perform sufficiently over the intended design life
(meaning, the life over which no major reconstruction or rehabilitation is required), there are
plots generated automatically by the software that allow the user to look at the amount of
specific distress predicted with pavement age. The plots of damage with time are generated for
both the 50% reliability design level and for the specific reliability (anywhere between 80% and
99%) level. The threshold value is indicated by a red flat line paralleling the X-axis.

50% reliability means average performance. That means that half of the time, the expected
performance is exceeded.

In the case of the new flexible pavement subjected to low truck traffic volumes in Washington
State, the total amount of rutting predicted did not exceed the threshold value of 0.5 in. This
was both at the 50% reliability level and at the specified reliability level (85%). This means that
the trial design has passed, with respect to rutting performance.
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Setting Trial Pavement Structure @

Constructability

PROJECT LEVEL, TRAFFIC, AND CLIMATE
inpUTS | LESSON2 I 28

There are several considerations that go into the establishment of the trial design structure. The
layer thickness is the actual factor that we are interested in inputting; however, it has to be
selected keeping in mind its relationship to constructability in the field and the maximum size of
aggregate selected for the mix design.

The trial pavement structure cannot be selected in isolation; the asphalt or concrete mixture
and construction specifications do play a part in pavement design and must be consulted when
performing pavement design in the new Pavement ME Design software. There are issues to
keep in mind such as the relationship between the concrete pavement thickness and the dowel
bar diameter (to be sure there is sufficient cover above and below the dowel). Another example
is the relationship between the maximum aggregate size and asphalt layer thickness. The
asphalt layer must be thick enough to act as a unit: Thickness > 3 times the (Maximum
Aggregate Size of HMA Mixture Used).

Constructability is also a factor and some States (such as Pennsylvania) may have minimum
layer thicknesses they will permit in design, similar to the previous AASHTO design approach.
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Pavement Layers @

* Number of |E|'§,I'EI"S Typical Rigid Pavement Cross-Section

nd Load Distributi
+ Layer types and Loa ribution N
. [ Il.u-u

* Material types . ;:

Bass or Sebitass 1

+ Categories of —
material types Pepwr Sugese |

Halural Sulsjress i in = 254 mmi

Typical Flexible Pavement Cross-5ection
and Load Distribution

[T e

‘Wearng Cowne gin
Bersiar Cosra 4N

;g \
FIENRE TR AR RN

w0 NS .

[
-'JI:_ MODULE E PROJECT LEVEL, TRAFFIC, AND cILh'I:‘I:I: LESSON 2 ag

Fadar

partmant of Transpariation
wl Highway Administragion

Typical Rigid Pavement Cross-Section
and Load Distribution

Wheel
Load

6-12in

46 in freteeeeeyeseeessd

Concrete Slab

Base or Subbase

6-12in

Natural Subgrade

i1in = 276 4 mm\
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Typical Flexible Pavement Cross-Section
and Load Distribution

[—'—[—lv— Wheel
(1]} Load

Wearing Course F1-2i

Binder Course 2-4 in

i . 4-12 in / r71 »
ase Course - 1 | - g

Base Course 1 _1!litlti£i!r‘.

Subbase Course

Prepared Subgrade

;...riIJ;!;;LI‘;I"!I-----.\

The figures in the slide show what is the expectation in the software of typical pavement
structural profiles and the way the load distribution is translated through a rigid versus flexible
pavement. They also provide typical layer thicknesses for each layer.

Reference: http://satheshkumar.puzl.com/puzl/files/727/26273/510e2a9031ald.pdf

E1-43


http://satheshkumar.puzl.com/puzl/files/727/26273/510e2a9031a1d.pdf

Lesson 1 Participant Workbook

Slide 30

Overarching Pavement Projects
Pavement Layers

New HMA Low Traffic - Washington New HMA High Traffic - Florida

PROJECT LEVEL, TRAFFIC, AND CLIMATE
INPUTS

LESSON 2
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New HMA Low Traffic - Washington New HMA High Traffic - Florida

Semi-Infinite Subgrade

This slide shows the two new flexible pavement structural profiles. Point out the various layers
and layer thicknesses. These are all based on LTPP field sections in the region.
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Overarching Pavement Projects
Pavement Layers

New JPCP High Traffic- Utah

Semi-Infinite Subgrade

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

J 5 Ceparmmant of frmepartation MODULE E inPUTS| LESSON2
Foders! Highway Administration

This slide shows the new rigid pavement structural profile. Point out the various layers and layer
thicknesses. These are all based on LTPP field sections in the region.
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Slide 32

Overarching Pavement Projects
Pavement Layers

Rehab HMA over HMA - Washington Rehab HMA over JPCP - Indiana

Semi-Infinite Subgrade

PROJECT LEVEL, TRAFFIC, AND CLIMATE

MODULE E INPUTS

LESSON 2

et of Tranepartastion
Foders! Highway Administration

This slide shows the two AC overlay rehabilitated pavement structural profiles (one over existing
asphalt, one over existing concrete). Point out the various layers and layer thicknesses. These
are all based on LTPP field sections in the region.
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Hierarchical Input Level

Lewel 1: input parameter measured Project-

direckly specific data ig
projects

Level 2: Input parameter is Local More
estimated from correlations or lati siinifica nt
regression equations /curre Bl projects

Lewvel 3: Input parameter .

is b o best-estimat Defaultsin

or default values / e

PROJECT LEVEL, TRAFFIC, AND CLIMATE
MODULE E INPUTS

LESSON 2

The best quality inputs available for pavement sections were used to calibrate the Pavement ME
Design and to determine the standard error of each prediction model.

The hierarchical input concept or approach provides the designer with flexibility in obtaining the
inputs for a design project based on the importance of the project and the available resources.

In a way the numbering of the levels may confuse some of the participants because the Level 1
is actually the most “accurate” input level. One way to explain this would be to tell participants
to think of the levels in terms of a competition (so, #1 is the top, #2 is second-best, and #3 is last
position).

For many of the inputs, the default values are perfectly adequate, while project-specific inputs
are highly desirable for some of the inputs.
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Slide 34

Input Level and Reliability Impact on
Pavement Performance

* Reliability is the

probability that a Functional Level of Reliability
Classification Urban Rural

given distressor IRI

will not exceed a Interstate/Freeways 95 o5
L. Principal Arterials 90 85
critical level Collectors 0 75
+ Functional class - Local 75 70
location and
importance of the More accurate predictions
pavement and reduced uncertainty
[ ]
* Designs with high ° Level 1
reliability and strict Level 2
design criteria will Level 3

have a higher cost

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

UE Departmart of Transgariation | WMODULE E LESSON 2
Fuderad Highway Administrazion INFUTS

Reliability is the probability that a given distress or IRl will not exceed a critical level.

Higher traffic volumes may indicate that a higher reliability is desired, such as on a freeway
versus a lower volume county arterial, thus, the functional classification of the roadway may
sway the reliability in terms of the location and importance of the pavement being designed.
This takes into consideration locations where the user delays and work zone costs are higher
risk and higher cost.

Designs with high reliability and strict design criteria will have a higher cost.
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Input Levels Example: HMA Dynamic
Modulus
* Input Level 3 — aggregate gradation
* Could come from routine construction
* Historical data, mix designs -
Dyramiz moscha gt breal 3 =|
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Corsta it adals i nsbind iyl L' e L e |
MODULE E PROJECT LEVEL, TRAFFIC, AND Ch::}:;:
Chynamic modulus input level 3 -
Gradation Percent Passing
3/44inch sieve 100
3/84inch sieve 7
Mo 4 sieve 60
Mo. 200 sieve 6
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g Add Layer @ Remove Layer

Click here to edit Layer 1 Flexible : Default as
i g . [ ¥

Layer 1 Asphalt Concrete:Default asphalt concrete

141 |

4 Asphalt Layer
Thickness (in.)
4 Mixture Volumelnics
Unit weight (pcf)
Effective binder content (%)
Air voids (%)

= PP i

4 Mechanical Properties
Dynamic modulus

Reference temperature (deg F)

Asphalt binder

Indirect tensile strength at 14 deg F (psi)
Creep compliance (1/psi)

Author
Designer who created object/matenial/project

(4] s

150
116
7

LT

Input level-3

70

Select Binder
388.87

Input level:3

Lesson 1

| »

m

This slide presents the inputting of Level 3 asphalt materials inputs, demonstrated directly from
the software, specifically the dynamic modulus. In the Level 3 input case, the dropdown menu
brings the user to a screen for an asphalt mix where the aggregate percent passing is input for
key sieves, as per the Witczak dynamic modulus equation, which we will cover in more depth in

Lesson 4.
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Slide 36

Input Levels Example: HMA Dynamic
Modulus

* Input Level 1 lab-measured dynamic modulus, measured on
lab-compacted samples

* Potential for design-build hybrid or public-private partnership
(PPP) projects by identifying materials sources ahead of time
during design phase

| Dymwnc madba et bevel I - wopnt Dyraens Moswes |
534 Ly J§ Merrewe Layer - =

Layw 1 Augrad Concmse Dt st ot | Seiecs \armoerat.re fevets |5 v | Seect baguarcy tevels la v

(a5 1)

SMRRTTET AT AL S TR

T T T e S —

<

PROJECT LEVEL, TRAFFIC, AND CLIMATE
INPUTS

LESSON 2

Dynamic moedulus input level | 1 - | | Import Dynamic Modulus

Select temperature levels |5 hd | Select frequency levels |4 hd
Frequency (Hz) ———>
Temperature (d... [IN 1 10 2h
0 1] ] 1]

40 0 1] 0 1]

70 0 1] ] 1]

100 0 1] 1] 1]

130 0 1] 0 1]
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@ Add Layer 3§ Remove Layer

Layer 1 Asphalt Concrete:Default asphalt concrete -

4 Asphalt Layer

Thickness (in.) 5 N
4 Mixture Volumeincs A
Click here to edit Layer 1 Flexible : Default as Unit weight (pef) 150 3
Rl | . [ o ] Effective binder content (%) 116 i
: Air voids (%) 7
1 Mechanical Properties
Dynamic modulus ] Input level:1
Reference temperature (deg F) 70
Asphalt binder ] Level 1- Conventional:
Indirect tensile strenath at 14 deg F (psi) 388.87
Creep compliance (1/psi) Input level-3 &2
s Approver

This slide presents the inputting of Level 1 asphalt materials inputs, demonstrated directly from
the software. In the Level 1 input case, the dropdown menu brings the user to a screen for an
asphalt mix where the laboratory data from the dynamic modulus test are input. The test data
can be input for up to five temperature levels and up to six frequency levels. We will cover the
dynamic modulus in more depth in Lesson 4.
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Typical Input Levels Used in Pavement ME
Design

Input Level
Input Group Input Parameter pLJsed
Alxle Load Distribu_ticms Level 1
(single, tandem, tridem)
Truck Volume Distribution Level 1
Lane & Directional Truck Level 1
Truck Traffic Distributions
Tire Pressure Level 3
Axle Configuration, Tire Spacing Level 3
Truck wander Level 3

1 R — FPROJECT LEVEL, TRAFFIC, AND CLIMATE | | ssom 2

Fadersd Highway Administragion

Overview of each level of data for traffic parameters.

The point here is to get a more detailed design that will withstand the known and projected
types of traffic and loadings on a pavement. Level 1 inputs would be worth the investment to
gather from weigh-in-motion (WIM) stations, etc., such as for the top three parameters listed in
the table. For other inputs that may not be as influential in the pavement prediction models,
and that are relatively consistent factors (e.g., tire pressure and spacing, truck wander, axle
configuration), it is perhaps less important to attempt to measure these parameters in the field.
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Slide 38

Typical Input Levels Used in Pavement ME
Design

Input Parameter Input Level Used

Unit Weight Level 1
All . p .
Paissan’s Ratio Levels 1 and 3
Materials
Other Thermal Properties; conductivity, Level 3
heat capacity, surface absorptivity
Existi . .
xIsting Condition of Existing Layers Levels 1 and 2
Pavement
T

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

MODULE E LESSON 2

1 & Depart

L marek of Tranaparistion INPUTS
Fadersd Highway Administragion

Overview of some levels of data for climate and other parameters.

The point here is to that sensitivity analysis research was conducted by NCHRP 1-47 project and
indicated that some parameters are less influential on pavement performance predictions than
others. The “Other Thermal Properties; conductivity, heat capacity” don’t have a large effect on
predictions, and thus are kept at Level 3. NOTE: some input parameters that were deemed
“sensitive” in the NCHRP 1-47A study may only be an artifact of the model, and not an intended
sensitive input factor.

Overall, it is best for software users to follow the AASHTO MEPDG Manual of Practice.
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Typical Input Levels Used in Pavement ME

Design
Input Group Input Parameter Input Level Used
Rezillent Modulus Leval 1; Back
Unbound All Lll:ll?uulj d Layers . . calculation
LayRrE S Classification & Volumetric Properties Level 1
su de Maoisture-Density Relationships Level 1
g Soil-Water Characteristic Relationships Level 3
Saturated Hydraulic Conductivity Level 3
i [
Material HMA Dynamic Marflu us Level 3
Properties HMA Creep Compliance & Levels1, 2, and 3
pe HhAA Indirect Tensila Strength e
Volumetric Properties | Level 1
HMA Coefficient of Thermal Expansion | Level 3
PCC Elastic Modulus | Level 1
pCC PCC Flexural Strength Level 1
PCC Indirect Tensile Strength (CRCP only) Level 2

PCC Coefficient of Thermal Expansion Level 1

mpuTs| LESSONZ | 39

U % Departmeant of Tr

n
Fadurad Highway Adm

]
MODULE E FROJELGT LEVEL, TRAFFIG, AND CLIMATE
n

Overview of some levels of data for material property parameters.

The point here is to that sensitivity analysis research was conducted by NCHRP 1-47 project and
indicated that some parameters are less influential on pavement performance predictions than
others. Some parameters are just too expensive (test equipment, volume of material needed,
personnel expertise required) or too time-intensive to consistently gather Level 1 inputs for and
thus were calibrated and are generally used as Level 3 values (e.g., HMA CTE, HMA dynamic
modulus, etc.).
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Slide 40

Shout it Out: How Does an Agency Decide
the Input Level to Use?

* What considerations does an agency have when choosing the
input level?

* Input 1 vs. Input 3: How would you decide what level of
engineering effort and investment to make?

* What are some examples in the differences in input levels for
key parameters?

— Traffic
— All material properties

— Existing pavement

What factors influence how an agency decides the input level to use? What
are examples of the differences ininput levels for key parameters?

[
Jﬁ“"_m" e MODULE E PROJECT LEVEL, TRAFFIC, AND CLIMATE

LESSON 2

Fadersd Highway Administragion (L TLE
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Debrief: How Does an Agency Decide the
Input Level to Use?

* Elements could eventually lead to a decision tree approach for
States

Consistency with construction and materials specifications

Available Data Avallable Funding for Impoartance of Project
{e.g., PNIS, WIN) +  Level 1Testingor *  Size of Project
* Level 2 Research + Cost of Project

IHFUTS

) PROJECT LEVEL, TRAFFIC, AND CLIMATE
U & Departmart of franspartation I MODULE E I . . LESSOM 2 I 41

Fadersd Highway Administragion

Philosophy that the level of engineering effort should be consistent with the relative
importance, size, and cost of the project.

Consider:

e Available data on the performance of pavements and mixes (through pavement management
system);

e Available traffic data from weigh-in-motion or other traffic data collection sources; and

e Available funding/capital to collect Level 1 inputs as testing is expensive; if an agency wants
Level 2 inputs, need to fund a research project to determine the correlations.
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Selection of Traffic Inputs

PROJECT LEVEL, TRAFFIC, AND CLIMATE
INPUTS

LESSON 2

Lesson 1
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Traffic Inputs @

1993 Guide ME Guide

ESALs Axle Load Spectra (from WIM data)

Truck Equivalency Factors Axle-Load Distributions
Mormalized Truck-Velume
Distribution

Axle-Load Configurations
Monthly Distribution Factors
Hourly Distribution Factors

Mot included in WIM:

Dual Tire Spacing

Tire Pressure

Lateral Wander of Axle Loads

PROJECT LEVEL, TRAFFIC, AND CLIMATE

U % Departmeant of Transparistion INFUTS lE"N 2
Faderad Highway Administrazion

The Pavement ME Design looks at FHWA class 4 vehicles and larger.

Traffic characterization consists of estimating the axle load distributions applied to the
pavement structure (refer to subsection 8.1). The MEPDG does not use equivalent single axle
loads (ESAL) and does not require the development of load equivalency factors.

The axle-load spectra are obtained from processing WIM data.

¢ Axle-load distributions (single, tandem, tridem, quads)
» Axle-load configurations (axle spacing and wheelbase)
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Slide 44

Roadway-Specific Traffic Inputs @
* [Initial Two-Way Average Annual Daily Truck Traffic (AADTT)

* Percent Trucks in Design Lane

* Percent Trucks in Design Direction

* Operational Speed

* Growth of Truck Traffic (linear or compound)

What would you conclude the high and low volume traffic to be for
each of the overarching pavement projects?

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

U 5 Dvparmmant ol ramepartation MODULE E INPUTS LESSON 2
Fodersd Highway Administration
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Traffic Hierarchical Input Levels @
Traffic Data
Level 3 AADTT
cve % trucks with TTC Group

AADTT with Regional/Statewide AVC and WIM

Level 2
data

Level 1 AADTT with site specific AVC and WIM data

R S FPROJECT LEVEL, TRAFFIC, AND CLIMATE | | essom 2

Faderad Highway Administrazion

Traffic is most important for designs with higher volumes, and this is something for the
participants to be aware of since it would also require closer attention to materials inputs.
Consider, the approach in Superpave for selecting a mix design is currently based on ESALs. How
do we relate the two? A sliding scale may be used or some States have come up with materials
catalogs.

As stated, three hierarchical input levels are used in the traffic module.
Levels 1 and 2 are based on AVC and WIM measurements, either segment specific or regional
average values; whereas Level 3 inputs are based on nationally developed default distributions

for truck class volumes and axle load distributions.

The national default values (Level 3) are dependent on the functional classification of the
roadway and vehicle count data to identify gross truck class distributions.
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Pavement ME Design Traffic Input
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o2 |5

4 AADTT
Two-way AADTT 230
Mumber of lanes 2

Percent trucks in de[+7] 50
Percent trucks in de[+7] 95
Operational speed ([« | 70
4 | ramc Lapaciy
e e e I W |
1 Axle Conhguration
Average axle width 85
Dual tire spacing (il[&#] 12
Tire pressure (psi) 120
Tandem axle spacii 56
Tridem axle spacin: 492
Guad axle spacing 492
1 Lateral Wander

WAL Sl AT el

Mean whesl locatio
Traffic wander stan
Design lane width [ [+7]
1 Wheelbase
Average spacing of
Average spacing of
PAwerage spacing of
Percent trucks with
Percent trucks with
Percent trucks with [+ |
4 ldentrhers

13
10
12

12
15
18
33
33
34

Display namelident Default Traffic
Description of objec Default Traffic Fle

| » |

m

-

Two-way AADTT

Average Annual Daily Truck Traffic
Minimum: 10

Wehicle Class Distribution and Growth

Load Default Distribution ]

Wehicle Class Digtribution (%) Growth Rate (%) Growth Function

Class 4 33 3 Compound - e

Class 5 M 3 Compound - LH_E;[

Class 6 17 3 Compound - I_m_E

Class 7 16 3 Compound -

Class 8 95 3 Compound -

Class 5 362 3 Compound - -

Class 10 1 3 Compound - E;

Class 11 1.8 3 Compound -

Class 12 0.2 3 Compound - E
Class 13 03 3 Compound -

Total 100 -

donthly Adjustment [ Import Menthly Adjustmen

Month  Class4 Class® Class® Class?  Class8 Class9  Class 10 Class 11 Class 12 Class 13 =

senery [ERE w [0 [w [0 [0 10 |10 w |-
February | 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

March 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 i
Loles Per Trick

Vehicle Class Single Tandem Tridem CGuad -
_ 162 039 0 0 5
Class 5 2 0 0 0

Class 6 1.02 0.99 0 0
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This is a screen capture of the various segments in the software where all of these different
truck traffic inputs are entered. It is intended to generally introduce what the Pavement ME
Design traffic input screens look like.
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Overarching Pavement Projects: Traffic @

Inputs
By = Low Volume Traffic
4 BADTT "

Twceway AADTT 230 New HMA Washington

Mumbes of lanes 2

Percent iruchs o desegn Snechon 50

Percent trucks o design kane 1 a5

Diparational spaed (mpk) [+] 5o
ezl iy Dintoburion and Growtt Lisad Detansl Desibasson
[E—r—— [reap—— Greth Flata (%) Gresth Funzsen:

Y] 08 - E=A

Ciews § M (1] - [
Clmas § 17 08 -
Clnaz 7 18 T f—— -
s 3 T 08 Campaurd E y
Clamz 3 5y T E— B I
Daas W 1 0E re— | = 'm ,
Dlass 11 1E [T C— [=] |
Ozss 12 nz 18 f—— (=1
Clasa 13 o ne Campourd E I B,
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FROJEGT L

_ CLIMATE . -
MODULE E i IH.PIJTSI LESSOM 2 I a7

U Bepartmart of Transparis
Fadarsd Highway ﬁdmlnil.irl'.iuni

M=

4 AADTT
Two-way AADTT

Mumber of lanes

Percent trucks in design direction
Percent trucks in design lane

Operational speed (mph)

L || 5] |5 [
SREN Y
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Wehicle Class Distribution and Growth Load Default Distribution ]
Vehicle Class Distribution (%) Growth Rate (%) Growth Function
33 08 [Compound - ool
Class 5 H 0.8 [Cnmpnund - LH_E;
Class 6 117 08 |Compound - L. B
Class 7 16 0.8 [Cnmpound - oo a
Class 8 %2 08 |Compound - LIy
Class 5 559 0.8 [Cnmpound - EJ
Class 10 1 0.8 [Cnmpound - E;
Class 11 18 08 |Compound 2 I A
Class 12 0.2 08 |Compound - L P
Class 13 03 08 |Compound - ] R
Total 100 [ -

You are looking at a screen capture of key traffic inputs for low volume road sample project. The
top box is the AADTT input section, which defines the volume annually of heavy vehicle classes,
along with the percent of those trucks in the design lane and design direction. The number of
lanes is also input in this screen, and it should be noted that in Pavement ME Design you are
only analyzing a design in one direction, so the number of lanes are in one direction. The
operational speed is also input in miles per hour.

The second input box shows the Vehicle Class Distribution and Growth inputs. The distribution
is the percentage of each of the FHWA’s nine heavy vehicle types (from buses which are Class 4
to double trailers with the most axles are Class 13). The distribution shown is typical for a low
volume rural road. You can see that the growth rate percentage of heavy trucks is then entered
in the next column, followed by the type of growth (either None, Linear, or Compound). In this
case, compound growth was selected which may be indicative of major land use changesin the
area or significant development expected over the duration of the pavement’s design life
period.
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Slide 48

Overarching Pavement Projects: Traffic @

Inputs
B3 = High Volume Traffic:
i sa90 New HMA Florida
Humbas of |sras

KEE
L]

Percant rucks is design directon [Z] 80 Rehab HMA over HMA Washington

Percent trucks & design kane ECi

Clpsestionsl spsed (mgb) n Rehab HMA over JPCP Indiana

“vahicls Clss Dmatribution and Geowth Load Defpidi Chstritauinm ]
‘esrak: i Dhesi e g2 (%] orah Pl (o) Grwth Raeoion

51 2 rear =i
s 1 4 1 Lnear |-H—E:|'
Cloms & L1 1 Linear |
e 7 343 3 A 54
Cicia 3 7A 3 . n
Clasa 3 504 1 Lineas I
Cems W [ 3 Unear
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Two-way AADTT

Number of lanes

Percent trucks in design direction
Percent trucks in design lane

Operational speed (mph)

o [e][e]fe][«
E‘E‘é‘"“%

E1-68



Module E: Mechanistic Empirical Pavement Design Guide Lesson 1

Vehicle Class Distribution and Growth Load Default Distribution I
Wehicle Class Digtribution (%) Growth Rate (%) Growth Function
Class & 164 3 IIJnear - LH_E;[
Class & 661 3 IIJnear - Lm_E
Class 7 0.49 3 IIJnear - —_— a
Class 8 T4 3 IIJnear - |B_EJ:E;]
Class 9 604 3 IIJnear - EJ
Class 10 0 3 IIJnear - E;
Class 11 26 3 IIJnear - Iu—rJ E;
Class 12 1 3 IIJnear - |n E;]
Class 13 0 3 IIJnear - L_"; Eil
Total 100 [ -

You are looking at a screen capture of key traffic inputs for high volume road sample project.
The top box is the AADTT input section, which defines the volume annually of heavy vehicle
classes, along with the percent of those trucks in the design lane and design direction. The
number of lanes is also input in this screen, and it should be noted that in Pavement ME Design
you are only analyzing a design in one direction, so the number of lanes are in one direction.
The operational speed is also input in miles per hour.

The second input box shows the Vehicle Class Distribution and Growth inputs. The distribution
is the percentage of each of the FHWA’s nine heavy vehicle types (from buses which are Class 4
to double trailers with the most axles are Class 13). The distribution shown is typical for a high
volume freeway or major arterial. You can see that the growth rate percentage of heavy trucks
isthen entered in the next column, followed by the type of growth (either None, Linear, or
Compound). In this case, linear growth was selected which may be indicative of steady
population and economic growth expected over the duration of the pavement’s design life
period.
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Selection of Climate Inputs

PROJECT LEVEL, TRAFFIC, AND CLIMATE
INPUTS

v franwpartatic MODULE E

Highway Administration

LESSON 2
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Slide 50

Shout It Out: Importance of Climate

* How importantis climate to
pavement performance?

— Material properties
— Drainage
— Pavement distress
* Slab cracking
* Freeze/thaw distress

* Rutting

* Thermal cracking

Rate the importance of climate (not important, somewhat, very). Give
examples from your past experiences.

0 MODULE E PROJECT LEVEL, TRAFFIC, AND CLIMATE LESSON 2

) 5 Departmaet of Tramspartation INPUTS
Foders! Highway Administration

The climate data inputs to the Pavement ME Design models will indirectly trigger the IRI
(roughness) of the pavement; for example, any prolonged rainfall events or shallow
groundwater table may cause faulting to occur in concrete pavements due to eroding of the
base layer and this would impact the ride quality of the pavement. Something similar could
happen in asphalt pavements but rutting or fatigue cracking might not exceed the threshold
criteria for each of the individual distresses but the combination of both could increase the IRI
to above its threshold level.
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Discussion: Do These Pavements Perform
Differently?

Dry — No Freeze

Dry —Freeze

How do you think these different climates would impact pavement
performance? Consider location, distress types, and seasonal fluctuations.

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

INPUTS LESSON 2

) % Deparmnt ot Tramepartation MODULE E
Foders! Highway Administration

Think about how climate impacts material properties and pavement performance.
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Slide 52
Identify Weather Station @
& Use sngle weaher station Crente 3 vinual weather stston SueProvisce FL j
Setect weather stesce: 1 E
BAOOKSVILLE FL (12878
DAYTONA BEACH.FL (12834)
DESTINFL 52883
FORT LAUCERDALE 7L (12343
FORT MYERS 7L (12235
FORT PERCE L (12695)
GAMNESVELE FL (12816)
HOLLYWOOD £L 52335
JACKSONVLLE FL 52860y
KEY WEST FL 12635
WARATHON FL (1289
MELBOURNE 7L (12338
MIAMLFL (12635)
NAPLES FL {12257}
CRILANDO 7L (12315)
DRLAND0 F1{12354) =
Use amjio woather siaice @ Creato » virtzsal mexher sizson
Wlﬂ’ ;ﬂM -
Do e, St Hecras Eecrd 0T Descroten frborth lathlorth
degrees)  dejoes) 5
AL QORLANDO L2843 (8135 ORLANDO INTERNATIONA.. 771995 2/2006
77 |ORLANCO FL O RS5 $138 107 | BXECUTIVE AIRPORT 1 206
11244 |ORLANDO Lo Aam  |e2u 5 ORLANDO SANFORD AIRP. | 3/1933 22006
365 |WNTERMAVEN |FL (28062 |8175¢ 18 | WINTERHAVENSGREER. 7133 | /2006
97 LEESBURG LA en LEESBUAG REGONAL AIR. | 91935 | 1/2006
T 472 |vElBOURNE R :BwWe  |s0sE S VELBOURNE NTL ARPORT 272001 22006 | =
Q PROJECT LEVEL, TRAFFIC, AND CLIMATE L £ ke
% Deos - MODULE E INPUT LESSON 2 52
Fodersd Highway Administration
@ Use single weather station () Create a virtual weather station State/Provinee  FL -
Select weather station: | -

BROOKSVILLE.FL (12818)
DAYTONA BEACH FL (12834)
DESTIN FL {53853)

FORT LAUDERDALE,FL (1234%)
FORT MYERS,FL (12335)

FORT PIERCE.FL {12855)
GAINESVILLE,FL (12816)
HOLLYWOOD, FL (32809)
JACKSONVILLE FL (33860)

KEY WEST.FL (12836)
MARATHON, FL (128596)
MELBOURME,FL (12838)
MIAMIFL (12835)

MAPLES, FL (12357)
ORLANDO,FL (12815)
ORLANDO FL (12854)
SARASOTA/BRADENTON FL (12871)
5T PETERSBURG FL {32806)
WEST PALM BEACH,FL (12344)
WINTER HAVEN,FL (12376)
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() Use single weather station

@ Create a virtual weather station

Digtance
(miles)

0

=

244
36.6
337
47.2

OO 00OOE

There are two options for identifying a weather station.

City

ORLANDO
ORLANDO
ORLANDO
WINTER HAVEN
LEESBURG
MELBOURME

State

FL
FL
FL
FL
FL
FL

Latitude
(decimals
degrees) degrees)

28434
28.545
28.78

28.062
28.821
28.103

I__Dng'rtude Elevation
(decimal

-81.325
-81.333
-81.244
-81.754
-81.81

-80.646

fit)

50
107
51
143
4
25

Description

ORLANDO INTERNATIONA...
EXECUTIVE AIRPORT

ORLANDO SANFORD AIRP...
WINTER HAVEN'S GILBER...
LEESBURG REGIONAL AIR...
MELBOURNE INTL AIRPORT

Option A: Select a single specific weather station by name from given list.

firstMonth  lastMaonth

71596
4/1598
31599
71596
9/1996
272001

Option B: Interpolate climatic data for a location by selecting multiple by entering:

e Latitude (degrees, minutes);

* Longitude (degrees, minutes); and

¢ Elevation

(ft.).

2/2006
272006
2/2006
2/2006
1/2006
272006
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Climate Inputs @

1993 Guide ME Guide « Identify weather station

Seasonal Inputs for EICM + Create EICM file

Adjustments * Depth to groundwater
table
: . E____ =

Drainage Thermal Properties

Coefficients Wind Speed
Air Temperature
Water Table Depth
Sun Radiation

Precipitation

U5 Onparomast of framvpotation e R A e v | LESSON 2

Fodersd Highway Administration

This slide shows how the previous AASHTO 1993 guide considered the influence of climate with
resilient modulus adjustments and drainage coefficients. Pavement ME Design uses the
Enhanced Integrated Climatic Model (EICM) to provide more robust climate inputs for the
pavement analysis.

In the 1993 guide, seasonal adjustments to soil resilient modulus are made using the effective
resilient modulus concept (ur tables). Drainage coefficient tables for unbound material layers
are indicated with mi values for various drainage conditions (excellent to poor) and saturation
levels (percent of time spent approaching saturation).

Detailed climatic data are required for predicting pavement distress with the Pavement ME
Design software and include data such as hourly temperature, precipitation, wind speed,
relative humidity, and cloud cover. These data are used to predict the temperature and moisture
content in each of the pavement layers, as well as provide some of the inputs to the site factor
parameter for the smoothness prediction models.

EICM is used to predict hourly temperature profile through the pavement structure based on
historical hourly climatic data.
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Climatic inputs are essentially used by the program to predict the temperature and moisture
profiles in the pavement over the design life. Further, this prediction is used to determine the
modulus of the pavement materials as they change over the design life.

All of the climate data needed by the Pavement ME Design are available from weather stations,
generally located at airfields around the US. The Pavement ME Design has an extensive number
of weather stations embedded in its software for ease of use and implementation.
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Humidity is provided by the EICM in monthly humidity measurements. Humidity affects

Climate Factor: Humidity

* Humidity

— Input as monthly data

*  Moisture Warping
* Drying Shrinkage

* |nitial Crack Width
(CRCP)

MODULE E

@ How do each of these variables affect material properties?

PROJECT LEVEL, TRAFFIC, AND CLIMATE

LESSON 2

INPUTS

Lesson 1

concrete pavement in a few key ways: moisture warping, drying shrinkage, and initial crack

width.

E1-77



Lesson 1 Participant Workbook

Slide 55

Climate Factor: Precipitation @

* Precipitation

-~ Input as hourly data

* Subgrade Moisture
(TI1)

@ How do each of these variables affect material properties?

PROJECT LEVEL, TRAFFIC, AND CLIMATE | ..o

MODULE E INPUTS

Precipitation is provided by the EICM in hourly humidity measurements. Precipitation is not
modeled as influential in the Pavement ME Design software (although in reality, it does impact
the HMA mixture performance sometimes significantly in the field). However, it does influence
the subgrade moisture through the Thornthwaite moisture index (TMI).
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* Joint Load Transfer

*  Freeze / Thaw cycles
* Slab Curl

*  Crack Width (CRCP)

Highway Administration

* Percent Sunshine (Hourly)

MODULE E

* Modulus Adjustments
+ Thermal Cracking

Climate Factor: Solar and Temperature @
* Sunrise / Sunset Time (Daily) * Maximum Solar Radiation (Daily)

* Air Temperature (Hourly)

Soils

Freeze [/ Thaw
Conditions
Frost Heave {IRI
Model)

@ How do each of these variables affect material properties?

PROJECT LEVEL, TRAFFIC, AND CLIMATE
INPUTS

LESSON 2

To show the influence of climate on the properties of the materials.

Lesson 1
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Pavement Temperature

When is pavement hottest? When is it coolest? Where in the
pavement do the temperature swings occur?

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

U S Departmant of Tramepartation INPUTS LESSON 2
Fodersd Highway Administration

Temperature variation hourly will influence the material properties and responses to loading.
This is the essence of “climate loading” in a pavement that is the output provided by the EICM.

Note that this picture is a temperature profile during the placement of an asphalt lift and not
typical in service pavement temperatures.
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Concrete Pavement Temperature Profile @

Pavement Surface

-

Dept b, in

&=

B4 [ ] T ] n 54 2] a2 ] 100
Temperature’ F

How might the stiffness of asphalt be affected? Hottest period of the day?
Which temperature would create the highest stress in concrete?

[
J MODULE E PROJECT LEVEL, TRAFFIC, AND GII..::'“A:E LESSON 2

U % Bepartmact of Transpartation

Fadersd Highway Administragion

This slide presents the temperature profile within a concrete pavement. The temperature in
degrees Fahrenheit is shown on the X-axis and the depth down within the concrete pavement
structure is shown on the Y-axis. Three different temperature schemata are shown that
represent the distributions at three different times of day. The dark blue trend is at 5:00 a.m.,
the red trend is at 2:00 p.m., and the light blue trend is at 6:00 p.m.
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Asphalt Pavement Temperature Profile @
Temperature (°F
B85 a5 105 115 122 130 140 150

Fd
~-m-—SHRP 50%

LTPF 96%

Pavement Depth finch)
o,

—— Meas ured

Source: Analysis of Temperature Data for the NCAT Teae Treek
Courtesy: NCAT

[
J MODULE E PROJECT LEVEL, TRAFFIC, AND CLIMATE

U % Bepartmact of Transpartation

Fadersd Highway Administragion

NPuTS| LESSON2

For different methods of measuring the temperature profile, at varying levels of accuracy, the
distribution of temperature through the pavement does vary somewhat in terms of its
magnitude; however, the trends of how the temperature is represented through the depth of
the pavement are relatively consistent.
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Climate Factor: Wind Speed @
* Wind Speed

— Input as hourly data

* Heat Transfer atthe * Heat Transfer atthe = N/A
* pavementsurface pavementsurface

@ How do each of these variables affect material properties?

PROJECT LEVEL, TRAFFIC, AND CLIMATE
INPUTS

MODULE E LESSON 2

Highway Administration

The wind speed can affect the amount of heat transfer at the surface of the asphalt or concrete
pavement.
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The Big Picture

Climate Inputs Material Properties Traffic

Empirical Analysis

st fonssorsicn | MODULEE |  PROVECT LEVEL, TRAFFIC, AND CLIMATE| o ooy 5

Fadarsd Highway Adm
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Processing EICM Inputs
* Flexible design
— Unbound materials
* Resilient modulus
* Moisture content

— HMA hourly temperature
profile

* Thermal cracking

* Rutting

(]

U % Bepartmact of Transpartation
Fadersd Highway Administragion

=

— EICM used to predict

* Rigid design

* Hourly temperature
profile

* Monthly moisture
gradient

PROJECT LEVEL, TRAFFIC, AND CLIMATE

LESSOM 2

INFUTS

Lesson 1

The Enhanced Integrated Climatic Model (EICM) is the built-in model that converts raw climate

data into “environmental loading,” which greatly influences in a composite manner each

material’s mechanical responses. In the ICM module, the materials passing #200 and plasticity

index (PI) directly influence the predicted IRI (roughness) in the results. Even when the

Pavement ME Design users don't select the ICM, the software models will take those two values

in order to predict the IRI.
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Hourly Temperature Profile - HMA @

50 9

40
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This figure shows that there are greater temperature fluctuations near the surface of an asphalt
layer as compare to further down in the layer. These temperature effects directly impact the
modulus of the material.
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Concrete Slab Temperature and Moisture @

Gradients
Cur"il‘lg Warping
N e
— 7 t — \x‘w
Hotter on top Wetter on top
e e
Cooler on top Dryer on top

@ Where are the tensile stressesin these schematics?
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Both daytime (positive) and nighttime (negative) thermal gradient probability distributions are
obtained for each month in each year over the intended design life analyzed in the Pavement
ME Design.

At the critical times, the stresses are additive. However, one condition will typically predominate
the other.

In addition, both temperature gradients (e.g., from a sudden intense rainfall in the middle of a
hot sunny afternoon) and moisture gradients (e.g., dew or frost at the surface of a pavement in
the mornings during certain seasons in certain locations) do cause rigid pavement to warp and
curl.
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Climatic Models @

+ Calculate temperature and moisture conditions throughout
the pavement and the associated change in materials

properties.
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There is a lot happening in the pavement structure over time. The Pavement ME Design models
are capable of calculating the changes in moisture and temperature at critical locations over
time and calculate the associated changes in materials properties.

In addition to the annual cyclical changes in modulus for each of the pavement layer materials,
there is also a change over time in the modulus with aging. The magnitude of the change in

modulus depends on the material type and location.

For example, a granular base modulus may decrease over time due to water infiltration and/or
contamination of the base.

The subgrade modulus will likely decrease over time due to consolidation, infiltration of
groundwater or other drainage problems, etc.

The asphalt modulus will increase over time due to stiffening through the aging process.
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How Does This Affect Critical Strains? @
* Rutting

AC Modulus

* Fatigue cracking

* Thermal cracking

Can you describe how you think the schematic on AC modulus will impact the
resistance to rutting, fatigue cracking, and thermal cracking?

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

J 5 Ceparmmant of frmepartation MODULE E inPUTS| LESSON2
Foders! Highway Administration

Relate the impact of climate loading on critical pavement responses (tensile strain at bottom of
asphalt layer, compressive strain at top of subgrade layer).
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Depth to Groundwater Table (GWT) Input @
* Input value for depth to GWT influenced by:

— Material passing the #200 sieve

— Plasticity Index

— Liguid Limit
* Where to find depth to GWT input values:

— FHWA LTPP database

— USGS databases

— ASU Soil Unit Map Application

— US Soil Conservation database

Q PROJECT LEVEL, TRAFFIC, AND CLIMATE

u 4 Bepartmart of fransgaration LESSON 2
Fadersd Highway Administragion (L TLE

Introduction of sources of climate information for use as inputs to the Pavement ME Design.

You can use FHWA LTPP database or ASU Soil Unit Map tool for finding soil types and properties
per any location in the US and depth to GWT information, also potentially more detailed
information in the US Soil Conservation or USGS databases or comparable.

In the Pavement ME Design software, the seasonal average depth to GWT is not provided along
with the climate data summary from the EICM and must be input by the user. However, the
software does provide a default value of depth to GWT (5.34 ft.) for users.

The NCHRP Project 1-47 Final Report was consulted to determine the extent of sensitivity of the
depth to GWT on pavement performance predictions (Schwartz et al., 2011). Three
groundwater table depths of two, seven, and 12 ft. were explored in the research report. The
authors concluded that depth to GWT is considered insensitive for flexible, JPCP, and CRCP
pavements.
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ASU Soil Unit Map Application
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Select State
Alabama -

Click below to search for milepost coordinates or enter
latitude /longitude below if known.

Search for Milepost Coordinates

Latitude:

Longitude:

Use decimal degrees. Ex: Lot 33.45, Long -111_88

Get Map || Reset |
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Wait a minute for the layer to load

Click on the map to see each soil unit's
Map Character (MapChar). Use the slider bar
to zoom in or out, or grab the map to pan.

Generate Soil Unit Report

MapChar: Get Report

Enter & Map Character (MapChar) into the box
to generate the soil unit report.
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Can use ASU Soil Unit Map tool for finding soil types and properties per any location in the US
and depth to GWT information, also potentially more detailed information in the US Soil
Conservation or USGS databases or comparable.

Reference: http://nchrp923b.lab.asu.edu/
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Orlando, Florida

v
.

s
' :

Select State
Floricta -

ASU Soil Unit Map Application Example: @

W Oick balow 1o sewrch for midepcst coccginates o eater
Qg fargtude beiue if bnsws
.

Secech for Nikpest Cocedinatas
 Lathuce 2878 b

i longtude 31244

T § i iotite logdiame

= Y /

ol
“ l":- e
. B .
y <y e .

. : .
“= Wait a minute for the layer to load

Click on the mes o 345 cach ot un®'s
Aap Character (MapChar) Use the Zlider bar
Ro 2208 W or Out, Or g1at She map 1 pan

MODULE E PROJECT LEVEL, TRAFFIC, AND CLIMATE

INPUTS LESSON 2

E1-96



Module E: Mechanistic Empirical Pavement Design Guide Lesson 1

Select State
Florida -

Click below to search for milepost coordinates or enter
latitude /longitude below if known.

Search for Milepost Coordinates

Latitude: 28.78
Longitude: -81.244

Use decimol degrees. Ex: Lot 33.45, Long -111 BB

GetMap ” Heaetl
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Wait a minute for the layer to load

Click on the map to see each soil unit's
Map Character (MapChar). Use the slider bar
to zoom in or out, or grab the map to pan.
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ASU Soil Unit Map Application Example:

Orlando, Florida
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Generate Soil Unit Report

MapChar: 630 Get Report

Enter a Map Character (MapChar) into the box
to generate the soil unit report.

Participant Workbook

CBR. from Index | Resilient Modulus from |Passing #4 |Passing #10 | Passing #40 | Passing #200 | Passing 0.002 | Liquid Limit
Properties Index Properties (psi) (%) (%) (%) (%) mm (%) (%)

‘ 18.2 ‘ 16374 ‘ 100 ‘ 100 ‘ 90 |? ‘3.5 ‘N.-"A

‘ 18 16260 ‘100 ‘ 100 ‘90 |12_5 ‘5.5 ‘N.-"A

‘ 183 ‘ 16393 ‘ 100 ‘ 100 ‘ 90 |6 ‘3.5 ‘N-"A
AASHTO AASHTO Top Bottom |Thickness % Component Water Table Depth | Depth to

Classification | Group Index | Depth (in) | Depth (in) (im) Annual Min (ft) |Bedrock (ft)

‘A-B ‘ 0 |0 | 13 ‘ 13 23 | 1.02 ‘N.-"A

‘A-E-S ‘ 0 | 13 28 ‘ 15 23 | 1.02 ‘N.-"A

‘A-B ‘ 0 28 | 799 52 23 | 1.02 ‘N.-"A
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‘P]asticity Index | Saturated Volumetric | Saturated Hydraulic | Parameter af Parameter bf | Parameter cf Parameter hr
(%) Water Content (%) | Conductivity (ft/hr) (psi) (psi)

‘O ‘43 ‘1_08358 |6_9??? ‘6_?462 ‘0_5 ‘3000

‘ 0 ‘ N/A ‘ 0.27506 | N/A ‘ N/A ‘ N/A ‘ N/A

‘O \r(u& ‘1_08358 |T§&& \r(u& ‘TCH& ‘TCH&

The ASU soil unit map application provides input values for soil type, thickness, water table
depth annual minimum, depth to bedrock, CBR, resilient modulus, gradation, liquid limit, plastic
index, etc. These were gathered for the Florida sample pavement project.
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/’ Mew HMA_low traffic ...Climate

Participant Workbook

U % Bepartmact of Transpartation
Fadersd Highway Administragion

Overarching Pavement Projects: Climate
Inputs
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L{:ngltude (decimal deg &
Latitude (decimals degi =¢
Elevation (ft)

Diepth of water table (ft)
Climate station

-122.903
46973
138

L[5 [ 5] 1% 1%
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_/ New HMA_high traffic...Climate

4 Climate Siabon

Longitude (decimal degr | " | -81.325

Latitude (decimals degr [ +F | 28.434

Elevation (ft) < | 90

Clepth of water table (ft) [+ | Annual{1.02)

Climate station + | ORLANDO.FL {12815)

/ New JPCP_high traffic_...Climate |

4 Climate Stabon
Longitude (decimal degrees) -111.968
Latitude (decimals degrees) 40787
Elevation (ft) 4220
Depth of water table (ft) Annual(1.02)
Climate station SALT LAKE CITY . UT (24127)
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/’ Rehab HMA over JPCP..:Climate

B2t |
4 Chmate Stahon

Longitude (decimal degrees’ -36_272
atitude (decimals degrees) 3971

Elevation (ft) 30
Ciepth of water table (ft) Annual {2)
Climate station INDIANAPOLIS.IN {93819)

Using provided scenario and given data sets, select the weather data set for the four
overarching pavement project sites. This slide presents the latitude and longitude for each of
the four sites, which we define as Olympia, Washington; Orlando, Florida; Salt Lake City, Utah;
and, Indianapolis, Indiana. One can see from the individual screen captures from Pavement ME
Design that the elevation is quite different in each of the four locations. The climate stations in
the Pavement ME Design that are uploaded (along with all of the EICM climate input
descriptors, which are not shown on the main input screens but can be requested via a “Climate
Summary” tab on a separate page) and each one has been assigned its own five-digit numerical
descriptor within the software itself.

The depth to groundwater table input for the files comes from the ASU Soil Unit Map
Application, but it should be noted that this may result in a more conservative design being
required, due to the difference mentioned in the previous slide.
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Red Flag: What About Your State?
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Are there considerations that a pavement designer should have
regarding climate impacts on materials in your State?

PROJECT LEVEL, TRAFFIC, AND CLIMATE

MODULE E
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Foders! Highway Administration
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Lesson 1
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Learning Outcomes Review @

You are now able to:

* Explain the approach to setting appropriate performance
thresholds in the Pavement ME Design software through
consultation with the individual agency’s pavement policy

* Identify the approach for setting the trial pavement structure

* Explain why the Pavement ME Design offers input options to
the user and provide examples of the differences between
input levels

= Select traffic inputs that are commensurate with the roadway
functional class

* List options for selecting weather stations and depth to
groundwater table
Q PROJECT LEVEL, TRAFFIC, AND CLIMATE LESSON 2

MODULE E INPUTS

U % Bepartmact of Transpartation
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Highway Materials Engineering Course

Lesson 3: Materials Inputs
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Mechanistic Empirical Pavement

(‘ Design Guide (MEPDG)
o

US Dapartmmant of Transpeelston
Federal Highway Administration
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Learning Outcomes @

By the end of this lesson, you will be able to:
+  |dentify the properties of unbound materials for use in pavement structural deszign

+  Determine the properties of untreated granular layers (subgrade, subbase and
baze)

+  Determine the properties of treated/stabilized base and subbase layers
+  |dentify the properties required for different input levels for asphalt layers
+  |dentify the properties required for different input levels for concrete layers

+  Distinguish differing inputs and features of continuously reinforced concrete
pavement |{CRCP) versus jointed plain concrete pavemeant (JPCP)

+  Define the materials properties for assessing the existing pavement as part of a
rebabilitated pavement design

+  Define design reliability
+  Mame five aspects of variability in the factors that affect pavement performance

@ This lesson will take approximately 3 hours to complete.

[
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One-Minute Paper @

* A materials engineer’s perspective and judgment is extremely
important in pavement design

* Assumethat the new AASHTO MEPDG approach and
Pavement ME Design software are implemented in your State

Based on what you've learned so far, how would you now see your role
developingin terms of interacting with the pavement design team?

?

U S.Departmant of Trsnesartatien MODULE E MATERIALS INPUTS | LESSON3
Foders! Highway Administration
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Materials Inputs

Lewel 1: Input parameter measured Project-

directly / specific data

Level 2: Input parameter is Local

specified by DOT or estimated correlations T

from correlaticns or regressicn ar state signimican

aguations specified projects
Level 3: Input parameter

is b on best-estimat Defaultsin Routine

or default values /ME saftware
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Soils Inputs for ME Analysis @

Asphalt PCC

Resilient Modulu Modulus of Subgrade Reaction,

Adjusted for Climate Analysis Engine (LEA or FE)

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
Fadarald Highway Administration

The support provided by the subgrade is represented differently in the Pavement ME Design
software based on whether you are designing a flexible or rigid pavement. The layered elastic
analysis (LEA) design analysis will need a resilient modulus (M) value for unbound material and
soils in a flexible pavement. The resilient modulus is a measure of the stiffness of the unbound
layer or sublayer.

The finite element (FE) analysis will require a modulus of subgrade reaction (k) value for
unbound materials in a rigid pavement. The k-value is a dynamic modulus of subgrade reaction
for each month of the design analysis period for these layers. The effective k-value, therefore,
essentially represents the compressibility of underlying layers (i.e., unbound base, subbase, and
subgrade layers) upon which the upper-bound layers and existing hot mix asphalt (HMA) or
Portland cement concrete (PCC) layer is constructed.

There are different ways to get to a resilient modulus value and a k-value depending on what
level of input you are using.
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Resilient Modulus, M,

Resilient modulus (M, ] is

G 1

the recoverable [resilient) stress-strain relationship for a soil.

E

State

Flastic

Elastic
State

E

[
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The resilient modulus is a ratio of the deviator stress over the recoverable portion of the strain.

Take a soil sample and place a load on it. We will look at how the stress-strain relationship
develops. The sample will deform (strain) under the pressure of the load. The general stress-
strain curve will look like the one on the screen. When the load is removed, the sample will
recover most of its original length. The length that is not recovered is referred to as the non-

recoverable strain or creep.
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Dynamic Modulus of Subgrade Reaction
(k-value)
M, k-value
Concrete Slab
(JPCE. CRCF)
Base Course
{Unbound, Asphalt, Cement) Caoncrete Slab E
e e o ) {JFCP. CRCP) [
{Unbound, Stabilized) g Base Course E
= {Unbound, Asphalt, Cement) [~ base
Compacted Subgrade =
2 s (DU ) sissssssissssaitg
E
- F Effective k-value
~ Bedrac ; | =
Py R o ST J
Figure 5-29. Structural model for rigid pawement structural response computations

MATERIALS INFUTS | LESSON3
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For new rigid pavements, there are only two levels of inputs for soils and unbound bases (Levels
2 and 3). The design guide will convert the layer thicknesses and M, to an effective modulus of
subgrade reaction (k). The resilient modulus is converted to a k-value internally within the
software for evaluating rigid pavements. The subgrade modulus is modeled as elastic springs in
rigid pavements. The stiffness of the elastic springs is also called subgrade reaction.

JULEA = Jacob Uzan Layered Elastic Analysis computational approach.
The subgrade reaction may be determined in the following ways:

* Provide resilient modulus inputs of the existing unbound sublayers, including the subgrade soil
similar to new design. The Pavement ME Design software will back calculate an effective single
dynamic modulus of subgrade reaction (k-value) for each month of the design analysis period
for these layers. The effective k-value, therefore, essentially represents the compressibility of
underlying layers (i.e., unbound base, subbase, and subgrade layers) upon which the upper-
bound layers and existing HMA or PCC layer is constructed. These monthly values will be used in
design of the rehabilitation alternative.
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* Measure the top of slab deflections with a falling weight deflectometer (FWD) and conduct a
back-calculation process to establish the mean k-value during a given month. Enter this mean
value and the month of testing into the DARWin-ME. This entered k-value will remain for that
month throughout the analysis period, but the k-value for other months will vary according to
moisture movement and frost depth in the pavement.
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EICM Soil Predictions @

g
Temperature

& Pore Water Pressure

& Water Content Resilient

2% Frost/Thaw Depths Modulus

/T P Adjustments
Frost Heave

#® Drainage Performance

[
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In unbound materials, these properties are predicted by the various models in the EICM. They
are then used to adjust the resilient modulus of the soil accordingly throughout the life of the
design pavement being analyzed.
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Do All Soils Inputs Carry the Same Impact? @

* Flexible Pavements

HMA Inputs Level of Sensitivity for HMA Distresses

Groun Parameter HMA | Total [Alligator|Longitudinal| Thermal
Rutting |Rutting |Cracking| Cracking |Cracking

Resilient modulus M5 W5 5 5 M5

Foisson's ratio M5 NS NS NS M5

Subgrade Soil-water characteristic curve 3 3 3 3 M5

Permeability NS N5 NS NS M5

MS = Mot Sensitive 5 = Sensitive Vs =\Very Sensitive

[
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The resilient modulus is most influential for the structural responses, consistent with pavement
design theory. The soil-water characteristic curve is also sensitive for all but thermal cracking.
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Soil Water Characteristic Curve @
[[&1] _ o
I \\\ Soil-Water Charscteristic Curve — —————

] y Researnch Results Degest s
£ \
5 @ \ :‘JI.:.:I:'.I.:':::
; -+ I-' 11678
B gy | |Poins cp= LG4
= Sl weIR3kM ¥, =
£ 0 |Gt g | kP
ol . . | el TTIIL

03| @il | =1 e oeTe

To request this database:
http:/fapps trb.org/ermsfesd
TREMetProjectDisplay.asp?Pr
aject|D=3050
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The SWCC is defined as the relationship between soil water content and soil matric suction. The
water content refers to either the volumetric water content (ratio of volume of water to the
volume of solids) or the degree of saturation (percentage of voids filled with water), depending
upon the intended use of the SWCC relationship. For engineering purposes, the degree of
saturation (percentage of voids filled with water) is commonly used. The soil suction
corresponds to the matric suction (ua — uw), which is the difference between the pore-air
pressure and the pore-water pressure.

The model implemented in the Pavement ME Design software is represented as a sigmoidal
function with four fitting parameters.

Pavement ME incorporates the effects of environmental conditions such as precipitation and
temperature in the determination of changes of unbound material properties during the life of
the pavement structure. This model makes use of unsaturated soil principles, which in turn
requires the input of the SWCC.

To aid in the implementation of the MEPDG, an alternative way to determine the SWCC via
laboratory testing, is a method that estimates or derives the SWCC based on well-known soil
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index properties. The NCHRP 9-23A (RRD 347) project entitled "A National Catalog of Subgrade
Soil-Water Characteristic Curve (SWCC) Default Inputs and Selected Soil Properties for Use with
the ME-PDG" was carried out at Arizona State University in 2010. The objective of this project
was the creation of a national database of pedologic soil families that reflected the input soil
properties for subgrade materials needed in the implementation of the approved AASHTO
MEPDG (Darter et al., 2006). The database focuses upon the soil water characteristic curve
parameters, which are key parameters in the implementation of Level 1 environmental analysis
as well as measured soil index properties needed in all hierarchical levels of the
climatic/environmental engine of the guide, the “Enhanced Integrated Climatic Model (EICM).”

To request this database:
http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectlD=3050
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Do All Soils Inputs Carry the Same Impact? @

* Rigid Pavements

CRCP Inputs Level of Sensitivity for CRCP Distresses
- Maimum -
Group Parameter Punchout Crack Width binimum LTE
Subgrade Subgrade material/stiffriess 5 M5 M5

JPCP Inputs Level of Sengitivity for JPCP Distresses
Group Parameter Faulting Cracking
Subgrade Subgrade materialfstiffness 5 5

[

05 Dopartrsast of Tranuzietation MODULE E MATERIALS INFUTS | LESSON3

Fadarald Highway Administration

The subgrade material type and stiffness is most influential for the structural responses,
consistent with pavement design theory.
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Discussion: Input Values @
* Should the input be representative of unbound materials at:

— Worst conditions?

— Best conditions?

— Average conditions?

@ What value should be used for an input?

?

US Departmast of Tranesartalion MATERIALS INPUTS | LESSON3
Fodera! Highway Administration

Consider what we’ve covered so far in this lesson and the impact different properties have on
pavement performance.
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Recommended Resilient Modulus @
Recommended Resilient Modulus at
: . Optimum Moisture [AASHTO T 180), psi
i.{.l.:::tlu ::::'II_I Base/Subbase for Embankment & Embankment &
Flexible and Rigid Subgrade for Flexible Subgrade for Rigid
Pavements Pavemnents Pavements
A-l-a 40,000 29,500 18,000
A-l-b 38,000 26,500 18,000
A-2-4 32,000 24,500 16,500
A-2-5 28,000 21,500 16,000
A-2-E 26,000 21,000 16,000
A-2-T 24,000 20,500 l 16,000
A3 29,000 16,500 | 16,000
A-d 24,000 16,500 15,000
A-5 20,000 15,500 8,000
A6 17.000 14,500 14,000
A-7-5 12,000 13,000 10,000
A-T-B 8,000 11,500 13,000

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
Fadarald Highway Administration

If you don’t have the modulus values, they can be entered by using the suggested values from
the MEPDG Manual of Practice. These values can be taken from a State DOT materials catalog
and from the Arizona State University interactive soil unit map application.

The different MR values for different layers and pavement type in this Table reflect the stress-
dependent material properties.

The inputs for soil resilient moduli can be variable in pavement design and have relatively high
coefficients of variation, as described in NCHRP Research Results Digest 308. The resilient
modulus tables in the MEPDG Manual of Practice (2008) presented the recommended resilient
modulus at optimum moisture for each of the AASHTO soil classes.

Different stiffness values are recommended for the same material, depending on the intended
use of the material in the design of the pavement. For example, if a DOT plans to use an A-2-4
soil (perhaps it is the local source for construction projects in an area) as a base layer for a
pavement design, then the A-2-4 must pass (or be compacted to) a stiffness value of 32,000 psi
in order to effectively dissipate the load stresses induced and protect the subgrade and perform
reliably.
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However, if the A-2-4 is being used as an embankment or subgrade layer in a rigid pavement,
then it is in a position further down deep into the pavement’s layered system and will not need
to be compacted or strengthened to the same level of stiffness as when it’s being used as a
base. Instead, it would just need to pass with a modulus of 16,500psi.

This table shows the recommended resilient modulus input at optimum density and moisture,
but the standard deviation should also be considered when picking the most appropriate
resilient modulus default value for your design. It should be noted that these values vary with
pavement type (flexible versus rigid) for a number of reasons, such as the greater dependence
on subgrade stiffness in the performance of rigid pavements versus flexible pavements (in
which there are more layers above the subgrade which provide intermediate support and
dissipation of stresses through the entire pavement system).
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Red Flag: What About Your State?

see in your State?
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@ Let's discuss some ideas and answer some guestions.
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Thinking of your own State, answer the following questions.

e What is a worst-case scenario from a soil’s perspective?

* What types of variability in soil types or soil properties do you see in your State?

* What types of variability in soil types or soil properties do you

* What is a worst-case scenario from a soil’s perspective?

LESSON 3

Lesson 3
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Untreated Granular Layers: Properties
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Layer type: MNon-stabilized Base (4)

Select matenial type

@ Select from default list mport from database

A-1-3=ml

A-1 2aml

A-Z-d el

A-2-5 xml

A-2-5 xaml

A-2-F 2l

A-3 el

Cold recycled asphalt - RAP (includes millings)ml
Cold recycled asphalt - RAP pulverzed in place xml
Crushed gravel zml

Crushed stone xml

Femeable aggregate xaml

Riverrun gravel xml

(™) Impaort from file Dpen

=

Coefficient of lateral earth pressure (ki)

0.5 i
Layer thickness (in.) 10
Poisson's ratio 0.35
4| Modulus E
Resilient modulus (psi) 40000
4 Sieve
(Gradation & other engineenng properties A-la
4 |dentihers I
Approver
Author AASHTO
County
Date approved 1172011
Date created 112011
Description of object Default material il
Unbound
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Point out the untreated granular layers properties that are entered into the software.
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Untreated Granular Layers: Modulus
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Layer type: MNon-stabilized Baze (4) -
Select matenal type
i@ Select from default list |mport from database Filter ) Import from file Open
A1 2l Coefficient of lateral earth pressure (kD) 0.5 i
A5 s .er ic nf.zss (in)
A2 el _Poizeon's ratio 0.35
A-2-7 2l 4 | Modulus =
A-32aml Resilient modulus (psi) 40000
Cold recycled asphatt - RAP (includes millings)xml 4 Sieve
gﬂgﬁ?ﬁ,:ﬁ;ﬂwah - RAP pulvenzed in place xmi Gradation & other engineering properties A-la
Crushed stone xml 4 |dentihers |
Pemeable aggregate xml Approver
Riverrun gravel xml —
Author Input Level: 3 -
County
Date approved Analysiz Types
Date created @ Modify input values by temperature/moisture
Description of oby . )
SRt S Monthly representative values
Unbound (71 Annual representative values
Method: Resilient modulus (psi) -
40000
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The resilient modulus is converted to a k-value internally within the software for evaluating rigid
pavements. The resilient modulus values at the time of construction for the same AASHTO soil
classification are different under flexible and rigid pavements because stress-state under these
pavements is different. Soils are stress-dependent and the resilient modulus will change with
changing stress state.

The resilient modulus for the unbound layers and foundation may also be estimated from the
California bearing ratio (CBR) test (AASHTO T 193) or the R-value test (AASHTO T 190).
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Untreated Granular Layers: Modulus
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Layer type: MNon-stabilized Baze (4) -

Select matenal type

i@ Select from default list Import from database i) Import from file

A-1-a xml : it
A1 2l Coefficient of lateral earth pressure (k) 0.5

iﬁ%},‘ﬂ: Layer thickness (in.) 10

o _Poisson’s ratio 0.35

527wl 4 | Modulus =
A-Jxml Resilient modulus (psi) 40000

Cold recycled asphatt - RAP (includes millings)xml

4 Sieve
Cold recycled asphalt - RAP pulverized in place xml : n% =
Crushed gIEI'H'E-‘I.‘.l:]Tﬂ GF&E'E!_‘UDI‘I & other e ||'I|3IL|'t LE":"EI: 2 -
Crushed stone xaml 4 |dentihers
Pemeable aggregate xml Approver Analysis Types
Fi el 2l o .
Ve Sravelm E‘L;h:t; i@ Meodify input values by temperature/moisture
Ll .
Date approved (") Monthly representative values
Date created () Annual representative values
Description of object
Unbound

CER
R-Value
Layer Coefficient-ai

DCP Penetration (in./blow)
Based on Pl and Gradation
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In this case, the Level 2 inputs come from correlations based on laboratory or field data, but are
not specific to the project site per se.
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Untreated Granular Layers: Bedrock

It lapes bebon Laryes 3 Mory stk el Easm . ATk
[T Bk 51
Sebact maierial e

& fsbectiom debwdi ket

=] 1o
=] 015
=] 140

[ oo

AASHID

L
Dt cromiedd i
Desctipbeon of diyect Dellmdt material
Dirsctiin o el
Dty rwetibintifay Heghly Tramtured el weasthesed
Faron whe sppr cved uie ol this obpectreasrialiproect

MATERIALS INFUTS | LESSON3

E3-27

Lesson 3



Lesson 3 Participant Workbook

Insert layer below:  Layer 3 Non-stabilized Base : A-1b
Layer type: Bedrock (6)
Select matenial type

i@ Select from default list Impaort from database () Import from file

s fractured and weathered xml
Massive continuous xml Layer thickness(in.) 10
Poisson's ratio 015
Unit weight (pcf) 140
Strength
Elastic/resilient madulus (psi) 500000
4 |dentihers

Approver

Author AASHTO
County

Diate approved 112011
Date created 1712011
Description of abject Default material

Direction of travel

Dizsplay namelidentifier Highly fractured and weathered

Approver
Person who approved use of this object/matenial/project
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Bedrock is most influential on rigid pavements because if bedrock is within 10 feet of the
pavement’s surface, it will confine the material (subgrade) and will produce a higher k-value.
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Sieve Size Percent Passing Liquid Limit g

0.00
Plasticity Index 1
0.002mm
0.020mm Is layer compacted?
#200 a7 Maximum dry unit weight (pef) 127.2
sl Saturated hydraulic conductivity (fthr) |5 054002 v
HE0 12.5
#60 Specific gravity of solids 27 . S
Filter () Import from file Cpen
H50 Optimum gravimetric water content (%)
v a User-defined Soil Water Characteristic Curve (SWCC) .
#70 _ 7 P5549687996034 Coefficient of lateral earth pressure (k0) 0.5 W
Layer thickness (in.) 10
H16 bf 1.33282181654764 . .
Poisson's ratio 0.35
#10 38 of 0.824220751340721 4 Modulus L
H8 hr 1174 ili i) 40000
e e (Gradation & other engineering properties A-la
- : : 4 |dentihers I

1/24n. 631 Approver
3/4in. 727 Author AASHTO
14n. 788 County
11724, 258 Date approved 1172011

: Diate created 17172011
s 918 Description of object Default material I
21/24n. SRR SR—
5 Unbound

M.
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The sieve gradation can be input for each soil layer, as well as key properties like the liquid limit
(LL), plasticity index (P1), and the soil water characteristic curve (SWCC).

These values can be taken from a State DOT materials catalog and from the Arizona State
University interactive soil unit map application.
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Input Requirements and Test Protocols

Design Sowrce of Recommended Test Protocol
Tvoe Measured Property Data and/or Data Saurce
o Estimate
Resilient modulus X AASHTO T 307 or NCHRP 1-284
. Mo national test standard, use
Poissan’s ratio X
New (lab defaultvalues
samplas) Maxirnum dry density X | AASHTO T 180
and Optimum molsture contant X AASHTO T 180
exlsting Specific gravity X AASHTO T 100
o SRR D X AASHTO T 215
_ conductivity
materials)
Soil water characteristic Pressure plate [AASHTO T 99) or
CUIVe parsmeters X Filter paper (AASHTO T 180) or
Tempe cell [AASHTO T 100)
isti I
R X AASHTO T 256 and ASTM D 5858
rmaterial | modulus
to be left ) N Mo national teststandard, use
Poisson’s ratio X
in place defaultvalues

[
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Most of the soil or unbound material properties can be tested in the lab and have an AASHTO
standard, with the exception of Poisson’s ratio.

There are two options for test methods that yield the resilient modulus:
(1) Regression coefficients ki, ka, ks for the generalized constitutive model that defines resilient
modulus as a function of stress state and regressed from laboratory resilient modulus tests.

(2) Determine the average design resilient modulus for the expected in-place stress state from
laboratory resilient modulus tests.
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Photo:Humboldt

Base and Subbase Layer Material Inputs

-

Fine Aggregate
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One Minute Paper: Base and Subbase Layer
Materials

What granular base layer properties can you think of? What is that

property’s probable impact on pavement performance?

MODULE E MATERIALS INPUTS

LESSON 3

Lesson 3
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Base/Subbase Material Properties Affecting
Rigid Pavement Performance

JPCP Inputs Level of Sensitivity for JPCP Distresses
Group Pararmetar Faulting Cracking
Granular base material/stiffness Vs 5
Base/Subbaze Granular base thickness 5 5
Poisson's ratio NS M5

CRCP Inputs

Lewel of Sensitivity for CRCP Distresses

Maximum  (Minimum
Group Parameter Punchout Crack Width ITE
Granular base material/stiffness 5 NS M5
Base/Subbase Granular base thickness 5 NS M5
Poisson's ratio NS NS M5

[

105 Departrsact of Toanegarialion
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MODULE E

MATERIALS INFUTS

LESSON 3

The base or subbase layer stiffness is the most sensitive parameter for JPCP faulting and
cracking. The thickness of the subbase/base layer is also sensitive for both. This makes sense in

that it is a jointed system.

In the case of CRC pavements, the punchout model is the only one that is sensitive to base layer
characteristics, specifically the stiffness and thickness.
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HMA Inputs

Base/Subbase Material Properties Affecting
Flexible Pavement Performance

Level of Sensitivity for HMA Distresses

Grou Parameter HMA Tatal Alligator | Longitudinal | Thermal
R Rutting Rutting Cracking Cracking | Cracking
Thickness 5 5 5 5 M5
Restlient modulus 5 5 5 Vs NS
Rase Poisson's ratio NS N% N% M5 N%
Subbase
Soll wiater characteristic cunse NS NS M5 M5 ME
Permeatil ity NS N5 N5 M5 N5

'3 MODULE E
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Similar to the case of rigid pavements, the thickness and stiffness of the base layer are most
influential on all of the structural-related distresses predicted.

In areas where the program is not sensitive to certain inputs, default values are used.
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Treated/Stabilized Base and Subbase
Layers: Properties
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Layer type: Chemically Stabilized (Z) -
Select matenal type I
(@ Select from default list Import from database Filter () Import from file Open
=]
4 General -
Lime cement fty ash xml Layer thickness (in.) 10 T
Eme fly a?‘h i Poizson's ratio 02
me stabilized xml S —
Soil cement xml Unit weight (pcf) 150
4 Strength =
Elasticiresilient modulus (psi) 2000000
4 Thermal
Heat capacity (BETLU/b-deg F). 0.28
Thermal conductivity (BT U/hr-ft-deg F) 1.25 |
4 |dentrhers
Approwver
Author AASHTO
County
Diate approved 112011
Diate created 1./1.2011 i
Approver
Person who approved use of this objectmatenal/project
| 0K | [ Cancel
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Chemically-stabilized materials to choose from include soil cement, lime, cement, lime cement
fly ash, and lime fly ash.

It should be noted that a chemically stabilized soil is not the same as a soil treatment. A soil
treatment is a modified soil, but will not exhibit the stiffness properties equivalent to a
chemically stabilized soil. In the case of a soil treatment, the input should be the same as that of
an untreated natural soil but with a higher modulus.

E3-40



Module E: Mechanistic Empirical Pavement Design Guide Lesson 3

Slide 26

Treated/Stabilized Base and Subbase
Layers: Strength
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Layer type: Chemically Stabilized (2)

Select matenal type
@ Select from default list Import from datzhase Filter () Import from file Open
D4 | =
Cement stabilized xml | 4 General -
Hme ﬁfmf ﬂ'.-I' ash xmi Layer thickness (in.) 10 B
me fhy ash xm . , )
Lime stahilized sl F"{:ulssnr! = ratio 0.2
Sail cemert xml Hnitweight-{pct) 150
4 Strength =
Elastiefresitientmedulus{psil- 2000000
4 Thermal
Heat capacity (ETU/b-deg F). 028 | 3
Thermal conductivity (BT hr-fi-deg F) 1.25
4 |dentihers
Approver
Author AASHTO
County
Diate approved 11°2011
Diate created 112011 i
Approver
FPerson who approved use of this objectmatenal/project
oK | Cancel |
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Strength of the treated subbase or base layer is the most influential input as described in the
NCHRP RRD 372 report. Strength property can be input either as an elastic or a resilient
modulus value.

The distinction between stabilized or strengthened base layers is made in this screen. The
consideration is important for establishing the layer structure for categorizing as a concrete
base layer or unbound material in the MEPDG.
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Input Requirements and Test Protocols @
Spurce of Data
Design Type  Material Type  Measured Property Recommended Test Protocol and for Data Source
P Elastic medulus X ASTM C 469
Flaxural strength
SIEEEIE [raquirad onky when
traated R X AASHTO T 97
S— usad in HWA
BT pavernant dessgn
Lirne cement Fesiant modulus " Mo test protocols auallabl_e;estlmate using Levels
fiy ash 2 and 3 inputs
Mixture Deslgn and Testing Pratocol {MDTP) in
Sodl t Resilant modul X I B
cemen nt ek conjunction with AASHTOT 307
Maw Limea stabalizad Aaclent mmadulis X No test protocols available; estimate using Lavels
ol 2 and 3 Inputs
it weight " No tasting req u-red,'-?lstlmate using Leveds 2 and 3
nputs
Poissan's ratio " Mo testing req.-red;e.stlmate using Leveds 2 and 3
| inputs
bl
Thermal conductivity X ASTM E 1952
Heat caparity X ASTM D 2766
Surface short wave X Mo test protocols available; estimate using Lavals
absorptivity 2 and 3 Inputs

(]
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This table shows that there is more variability in terms of whether the treated base layer
properties can be tested in the lab and have an AASHTO standard. No testing is required for
Poisson’s ratio.
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Design Type

Material

Measured Property

Input Requirements and Test Protocols

Source of Data

Recommended Test Protocol andfor Data Source

Type
Lean
concrete &
cement- | PV li':;‘f":"md X AASHTOT 256
treatad o
aEETegate
Lime cerpent | FWD back calculated
X AASHTOT 256
fty ash rmecsdulues
soil cement | T ﬁ'fﬂ:ﬁﬂ':"md X AASHTOT 256
e on Lim F D back calculatad
Design = ack calculata
stabllized soll rivcsdubus - AT
Uit weight Mo testing reg uured:e_stlma[e using Leveds 2 and 3
inputs
Foisson's ratio No testing rem-red,e.stlmate using Leveds 2 and 3
& inputs
Thermal conductivity X ASTM E 1952 |cores|
Heat capacity X ASTM D 2766 (coras)
Surface short wave Mo test protocols available; astimate using Lavals
absorptivity 2 and 3 Inputs

MODULE E

MATERIALS INFUTS

LESSON 3

Lesson 3

This table shows that most of the properties come from field testing using the falling weight
deflectometer (FWD) to back calculate for the treated base layer modulus and have an AASHTO
standard. No testing is required for Poisson’s ratio or unit weight.

E3-45



Lesson 3 Participant Workbook

Slide 29

Recommended Input Levels 2 and 3 Values
Chemically Stabilized Material Properties

Elastic/Resilient Lean concrete, E 2,000,000
Modulus [psi) Cement-stabilized aggregate, E 1,000,000
Open-graded cement stabilized aggregate, E 750,000
Soil cement, E 500,000
Lirme cemeant fly ash, E 1,500,000
Lime-stabilized soil, M, 45,000

Flexural Strength Chemically stabilized material placed under flexible

paverment (base) S

(psi) Chemically stabilized material used as subbase, 250
select material, or subgrade under flaxible pavement

Polsson's Ratio Lean concrete & cement-stabilized aggregate 0.1tod.2
Soil cement 0.15 to 0.35
Lime fly ash materials 0.1to0.15
Lime-stabilized soil 0.15t00.2

[
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This is helpful for a starting point when there is not existing information in a given State to start
doing trial designs.
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Sensitivity of Treated Base in Flexible
Pavement Using Sample Projects

Sample Pavement Projects
Demonstration on Base Layers

New Flexible

FL

Addition of Cement-5tabilized
Base

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
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This screen shows how a Florida project will be used to demonstrate the input of treated versus
untreated base layers. The results will be covered later in Lesson 4.

E3-47



Lesson 3 Participant Workbook

Slide 31

-
Example: Cement Stabilized Base (FL)
{gmet
e e Original
e - . -

ke Bix New HMA High
(oA o borw mat e e (M) [k 1

Sbda S Traffic Florida

. -
Dontaton § cber gvwewg proeien [0 AVl

“ Mentton
Dnasde, cove' Secsion Al
Domacs gl of ottt it md i
Zopreem
De xoorned vvan
S AASHTO

Dupdoy sumeidunston

Dhsghay rome of sbpoct weuw sl 0noec Y 0UVE On¢ Jrichod oy

[+041)

i = Add Cement-
et ™ Stabilized Base
Maieor 1 1eee iraf F

. S
B shosinbosind vkt (3] (7] 920000
Wt o rgnse pod ’Z} »o
Daaschestant rodd.a () ] e

o Dhms
Themal comuetrey (17110 & dug ¥ iral k.l
Mot copact, DT T e

Mt
aghe, vame v Camrd & ot
Oercrnon o itec Dt mp s

Genendt
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B | = .
= Original
Layer thickness (in.) 8 .
Poisson’s ratio 0.35 New H MA ngh
Coefficient of Iateral earth pressure (k0) 05 . .
4 Modulus Traffic Florida
Resilient modulus (psi) 38000
G AT U 4 Sieve
2 Gradation & other engineering properties A-1b
S 7, < SRS g% T 4 |dentifiers
; ; Display namelidentifier A-1b
Description of object Default material
Approver
Date approved 1/1/72011
Author AASHTO
Display namefidentifier
Display name of object/material/project for outputs and graphical interf1

A
: |
il Add Cement-
4 Genel
Layer thickness (in.) 8 H H
Click here to edit Layer 1 Flexible : Def_ault asphalt concrete Unit weight (pcf) 150 Sta bl I Ized Ba Se
- =, 2T et Poisson’s ratio 02
Click here to edit Layer 2 Flexible : Default asphalt concrete 4 Strength
. - - S = 4 Minimum elastic/resilient modulus (psi) 100000
Click here ;o edit L-ayer 3 Chemically Stablhzed : Cement stabqilzed Wackihis of ricins (osil 750
A = s . | Elastic/resilient modulus (psi) 1000000
<53 g : ot . o ! 4 Thermal
Click here to edit Layer 4 Non-stabilized Base : A-1-b Thermal conductivity (BTU/hr-ft-deg F) 1.25
Heat capacity (BTU/Ib-deg F). 0.28
4 |dentifiers
- = o Display name/identifier Cement stabilized
Click here to edit Layer 5 Subgrade : A-6 Dt ok bt Default material |
e : \ | General
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It should be noted that an asphalt-treated base is not an option in Pavement ME Design
software. A minimum of two unbound layers is necessary to model moisture and drainage in the
software. Results will be shown later.
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Asphalt Material Inputs

US Departmast of Trens MATERIALS INPUTS | LESSON3
Fodera! Highway Administration

Lesson 3
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Asphalt Material Inputs @

*  Which of the following statements are frue?

a) All asphaltinputs are critical and should all come from materials that
are project-specific and tested in the laboratory.

b) Use of Level 1 asphalt inputs will increase the confidence in the
flexible pavement performance predictions.

¢} When designing a flexible pavement for a conventional bid routine
project, Level 2 and 3 asphalt inputs are more appropriate,

d) Conducting pavement designs with Pavernent ME Deslgn software
reguires consultation with State asphalt materials and construction
specifications.

e} Itisimportant to correlate the asphalt’s volumetric properties toits
mmechanistic responses to loads.

What is your prereguisite knowledge of asphalt material inputs
reguired in the Pavement ME Design approach?

[
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Asphalt Concrete Material Properties
Input Levels

Level 1 - Project-Specific Testing

Level 2 — Typical Values from State
DOT's QA Results

* May Be Estimated Through Cormrelations
with Standard Tests

Level 3 - Local or National Default
Values

parameters should be based in the State DOT's standard specifications?

@ Where should the asphalt materials parameters come from? Which input

LS. Deparisvaiat of Tisrripariation MATERIALS INFUTS | LESSON 3
Fadaral Highway Administrasion

The general approach for determining design inputs for materials in the Pavement ME Design
process for characterizing the paving materials and foundation should be consistent with the
relative importance, size, and cost of the design project.

Input Level 1 involves comprehensive laboratory tests. In contrast, Level 3 requires the designer
to estimate the most appropriate design input value of the material property based on
experience with little or no testing.

Level 2 inputs come from typical values from the State DOT’s QA programs but should not be
based on the minimum requirements in the specifications. It depends what the DOT
specification can achieve and should represent typical values (from QA test samples) found for
the materials in a particular State. They can also estimate through correlations with other
material properties that are commonly measured in the laboratory or field.

Regardless of the selected input level, the program runs the same analysis.

Level 2 and 3 inputs come from routine construction projects in which the contractors are not
known during the design process. The input parameters should be based strongly on the State
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DOT’s standard specifications. Level 1 can be used for design-build projects in which the
contractor and possibly the material sources may be known during the design process.
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Design Typa

Mew HMA
(new
pavement
and averlay
mixtures],
as built
properties
priar to
opening to
truck traffic

Measured Property

Dynamic moadulus

Asphalt Concrete Material Properties Test
Protocols

Source of Data

Tiest

Estimate

Recommended Test Protocal

andfor Data Source

AASHTD T 342 and AMPT

* opticn for TP 79
Tensile strength kS AASHTO T 322
Creep compliance X AASHTO T 322
o, Maticnal test protocel
S * unavallable; use default value
Mational test protocol
SRR EETI,E 220y * unavailable; uF:e default value
Thermal conductivity i ASTM E 1952
Heat capacity X ASTM D 2766
: Maticnal test protocel
Coefficient of thermal contraction b4 R e e T
Effective asphalt content by wolume X AASHTO T 308
Air voids X AASHTO T 166
Aggregate specific gravity i AASHTO T 84 and T 85
Gradation X BASHTO T 27
Unit Weight X AASHTO T 16&
‘oids filled with asphalt [VFA) i AASHTO T 209

MODULE E

MATERIALS INFUTS

LESSON 3

Lesson 3

Test methods are available for all of the asphalt material properties except three: Poisson’s
ratio, surface shortwave absorptivity, and coefficient of thermal contraction.
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Asphalt Concrete Material Properties Test

Protocols

Design Type

Existing HiA
mixtures, in-
place properties
at time of
pavement
evaluation

Maasured Source of Data Recommended Test Protocal and for
Proparty Estimate Data Source

FWD back

calculated layer X AASHTO T 256 and ASTM D 5858

madulus

Pokson's ratio % National test protocol unavailable; use

default value

Linit welght X AASHTO T 166 (cores)

Asphalt content X AASHTO T 164 (cores)

Gradation X l AASHTO T 27 [cores or blocks)

Alr volds X AASHTO T 269 (cores)

Asphalt recovery X | AASHTO T 1644T 170/T 319 (cores)

[

105 Departrsact of Toanegarialion
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MODULE E
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Field or lab test methods are available for all of the asphalt material properties except one:
Poisson’s ratio. Testing is done either by using the falling weight deflectometer or by taking
cores and bringing them back to the lab for testing.
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Asphalt Binder Material Properties
Test Protocols

Source of Data Recommended Test

Design Type Measured Property Protocol and/or Data
: Test Estimate SOAECR

Asphalt Performance Grade AASHTO M 320
iPG), OR
Asphalt binder complex shear X AASHTO T 315
madulus (G*) and phase angle
(&), OR
Asphalt (new, Penetration, OR X AASHTO T 49
overlay, and
existing mixtures)
Ring and Ball Softening Point AASHTO T 53
Abs=olute Viscosity AASHTO T 202
Kinematic Viscasity AASHTO T 201
Specific Gravity, OR AASHTO T 228
Brookfield Viscosity X AASHTO T 316

[
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Lab test methods are available for all of the asphalt binder properties. Testing can be done for
existing asphalt layers by taking cores and bringing them back to the lab for binder extraction
and testing.
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Material Inputs for ME Analysis @

Poisson’s Ratio Pavement Response
Dynamic Modulus, E*

Tensile Strength
Thermal Contraction

Creep Properties

Analysis Engine
(Layered Elastic Analysis)

[
._.'_ﬁ.,,......... o Transgortation MODULE E MATERIALS INFUTS | LESSON3

Fadarald Highway Administration

Dynamic modulus is a key input to calculating pavement response.
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Dynamic Modulus (E*) and Phase Angle (§) @

Parameter Level 1 Input Level 2 Input Level 3 Input
l'“:;;':sr:lt Mix volumetric Mix volumetric
namic Madulus, E* roperties roperties
Dynami ! Performance e el

Tester (AMPT) test (Witczak Equation) [Witczak Equation)

a.snet % Jﬂ
T | E*|=
o / \\\__.L Ty 'Eﬂ‘
T,
£ sinfel
] 91:' = oI,

Tima,t
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Dynamic modulus and phase angle represent the stiffness of asphalt mix in response to a
dynamic loading from standing traffic loading to highway speeds and at a range of temperatures
experienced in the field. This material property addresses both fatigue cracking and rutting in
flexible pavements.

All asphaltic materials are highly sensitive to temperature and the rate of loading. Because
asphalt is a viscoelastic-plastic material, the modulus of an asphalt mix may approach that of an
unbound granular material at high temperatures and long loading rates (i.e., slow speed of
passing vehicles). In contrast, at cold temperatures and very short load rates, the material will
tend to behave in a pure elastic mode and have modulus values that approach that of PCC
material. In the MEPDG, the methodology for asphaltic mixtures will take into account the range
of temperatures expected in the design period. The use of an asphalt master curve is based on
time-temperature superposition principles.

Note that the higher the level of input, the more aggressive the testing program needs to be as
described earlier.
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The approach for Level 1 inputs is the development of a master curve and shift factors for each
asphalt mixture used by an agency. Master curves involve time-temperature superposition.
First, a standard reference temperature (usually 70 °F) is selected. Then, dynamic modulus tests
at various temperatures are shifted with respect to time to form the master curve describing
the time dependency of the material. The amount of shifting at each temperature required to
form the master curve describes its temperature dependency.

For the Level 2 and Level 3 analyses, the master curves are developed directly from the dynamic
modulus predictive equation. The Witczak's predictive equation was originally developed
through the NCHPR Project 1-47A. The original model was based on a non-linear regression
analysis and incorporated mixture volumetrics and aggregate gradation to predict the dynamic
modulus of mixtures. This model was later reformulated to include binder stiffness data (NCHRP
1-40D). The dynamic modulus predictive equation is one of the most comprehensive mixture
stiffness models available to the profession today. This model can predict the dynamic modulus
of asphalt mixtures over a range of temperatures, rates of loading, and aging conditions from
information that is readily available from material specifications or volumetric design of the
mixture. Major inputs are bitumen viscosity, loading rate, mixture air void content, mixture
effective bitumen content, and mixture aggregate gradation.
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Recommended Values for HMA Materials @

Measured
Property

Dynamic
modulus, By

(Mew HMA)
Dynamic
rmodulus, E

(Existing HMA
layer)

-

"

Input Levels 2 or 3

Mo dynamic modulus, By, laboratory testing required.

Use MEPDG Eyyyy predictive equation. Inputs are gradation, bitumen viscosity,
loading frequency, air wold content, and effective bitumen content by valume,
Input variakxles may be obtained through testing of lak prepared mix samples or
from agency historical records.

Use typical Ai-WTS-values based on asphalt binder grade (PG, or viscosity, or
penetration grades).

Mo dynamic modulus, By, laboratory testing required.

Use MEPDHG Eypys predictive equation. Inputs are gradation, bitumen viscosity,
loading fregquency, alr vold content, and effective bitumen content by volume,
Input variakzles may be abtained through testing of extracted cores or from
agency historical records.

Use typical Ai-WT-values based on asphalt binder grade (PG, or viscosity, or
penetration grades).

Determine existing pavement condition rating [excellent, good, falr, poor, wery
poor)

[
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When an agency has limited or no testing capabilities, it is recommended that Level 2 and 3
inputs are used, and these are provided as recommended values from the MEPDG Manual of

Practice.

For Level 2 and 3, the dynamic modulus could also come from representative samples of a
material that meets the State DOT spec and was tested in the laboratory. The representative
samples are a reflection of the State DOT’s specs (as taken from testing materials from the as-
built projects).
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Dynamic Modulus (E*) @

Asphalt Stiffness, E”

Mechanistic Analysis

Layered Elastic Analysis

E* =o/e

Hooke’s Law

MODULE E MATERIALS INPUTS | LESSON3

nistration

With those two variables known (stress and dynamic modulus of the asphalt layer), we can
solve for the strain at critical locations in the pavement structure using the layered elastic
analysis engine built into the software.

LEA is founded on Hooke’s Law.
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Modulus

Pavement ME Design Inputs: Dynamic

et e ek a0 Mg P e
Crmic comghingt | L

Optarvac Bedlid infet badl

[—

MATERIALS INFUTS
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Creep compliance (1/psi)

4 iAsphaltlayer i
Thickness (in.) 4
4 Mixture Volumeinics
Unit weight (pcf) 150
Effective binder content (%) 116
Air voids (%) 7
[ Poisson's ratio 0.35
Mechanical Properties
Dynamic modulus Input level:3
elect HMA Estar pre Iz z=cosity based model (nationally calibrated)
eference temperature (deg F) 70
Asphalt binder SuperPave:70-22
Indirect tensile strength at 14 deg F (psi) 388.87
Input level:3

Dhynamic modulus input level

0.67
0.23

(Gradation Percent Passin 3
g Dynamic medulus input level [ Import Dynamic Modulus ]
100
5 hal 4 -
3/T4nch sieve 77 Select temperature levels Select freguency levels
Mo 4 sieve &0 Frequency (Hz) ——=
No 200 sieve 6 WD_‘I 1 10 25
14 0 1] 1] 0
40 1] 1] 1] 0
70 1] 1] 1] 0
100 1] 1] o 0
130 1] 1] 1] 0
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Same information for Level 2 and 3 inputs for dynamic modulus.
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Tensile Strength and Creep Compliance

Parameter

Lab: indirect
tension test at 3
temperatures

Tensile strength & creep
compliance

Lab: IDT at 1 Default data
temperature calculated

Indirect Tension — Low Temperature
. (Temperatures: —4, 14, and 32 “F)
. Creep Compliance at 100 or 1,000 seconds

d Addresses Thermal Cracking

[
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The thermal cracking indirect tension test (IDT) will test an asphalt specimen to determine at
what temperature and load it will fail. This test is directly used in the thermal cracking
predictions.

Correlations between binder properties are used as an indirect Level 2 characterization of the
materials.

The design guide software computes the coefficient of thermal contraction, internally using the
HMAC volumetric properties such as voids in the mineral aggregate (VMA) and the thermal
contraction coefficient for the aggregates.

Represents tensile strength of asphalt and low-temperature mix behavior and details of the
testing include:

 Tensile strength at 14 °F;

® Creep compliance curves at —4, 14, and 32 °F; and
¢ Coefficient of thermal contraction.
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Recommended Values for HMA Materials @

Input Approach to Finding Inputs

Tensile

strength, Lewel 1 TS = Laboratory-measurad indirect tensile strength, tested at -4 *F, 14 °F, and 32 °F

TS Lawal & T = Laboratory-maaswrad indirect tensila strangth, tasted at 14 °F
Lewvel 3 T5 = Default indirect tensile strength value at 14 *F, provided in software based on national
data
Input variables may be obtained through testing of lab-prepared mix samples,
extracted cores (for existing pavements), or from agency historical records.
For new HMA surface layers, but not required for existing HMA layers (in rehab design]

Creep

compliance Laval 1 0ft) = Laboratory-measurad creap complianca, testad at -4 °F, 14°F and 32 °F,

bit) ! Creep comphliance noted at test tinses of 1, 2, 5, 10, 20, 50, and 100 seconds at each temperature

Lewal 2 f)ft] = Laboratory-maasurad creep complianca, testad at 14 °F

Lewal 3 ft] = Dafault craep compliance values at 14 *F, provided in software based on national data

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
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When an agency has limited or no testing capabilities, it is recommended that Level 2 and 3
inputs are used and these are provided as recommended values from the MEPDG Manual of
Practice.

The MEPDG Manual of Practice provides the regression equations provided, and historical
mixture data can be used in the equations or an agency can develop a materials catalog based
on typical mixture data gathered over time.

Tensile strength: You need to measure the following parameters to get the tensile strength—as-
constructed HMA air voids, as-constructed voids filled with asphalt, asphalt penetration at 77 °F,

and asphalt viscosity temperature susceptibility (VTS) intercept.

Equation: TS (psi) = 7416.712-114.016*Va-0.304*Va2-122.592 *VFA+0.704*VFA2 +405.71*Log10
(Pen77)-2039.296*log10 (A)

Creep compliance: You need to define the following parameters to get the creep compliance of
asphalt—time in months of expected age of the HMA, as-constructed HMA air voids, as-
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constructed voids filled with asphalt, asphalt penetration at 77 °F, and the temperature at which
creep compliance is measured.

Equation: D (t) = D1*tm
Log(D1) =-8.524+0.01306*T+0.7957*log10(Va) +2.0103*log10(VFA)-1.923*|log10(A)
m =1.1628-0.00185*T-0.04596*Va-0.00247*Pen77+0.001683*T*(Pen77)"0.4605
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[ Thermal contraction
Identihers

[

Lesson 3
4:Asphaltlayer . . ... ...}
Thickness (in.) 4
4 Mixture Volumeincs
Unit weight (pcf) 150
Effective binder content (%) 11.6
Air voids (%) 7
[» Poisson's ratio 0.35
4 Mechanical Properties
Dynamic medulus Input level:3
> Select HMA Estar predictive model Use Viscosity based model (nationally calibrated).
Reference temperature (deg F) 70
Asphalt binder SuperPave:70-22
Indirect tensile strength at 14 deg F (psi) 388 .87
Creep compliance (1/psi) Input level-3
4 Thermal
Thermal conductivity (BTU hr-fi-deg F) 0.67
Heat capacity (BTUW/b-deg F) 0.23

1.301E-05 (calculated)

Mid Temp
{14 deg F)

High Temp
(32 deg F)

Creep compliance level
Loading Low Temp Mid Temp High Temp
| Time(sec) {4deg F) (14degF}  (32degF}
3749098607 | 5.801562E-07 | 7.8833E-07
2 40935E07 | 6.724635E-07 | 5.540385E-07
4 557802E07 | 817402E-07 | 1.350563E-06
10 5.020168E07 | 5.4745659E-07 [ 1.702582E-06
20
Creep compliance level
50
' Mid Ti
100 f Loading Time(sec) {.;4 dgﬁ'}
10 )
Creep compliance level
20
Loading Low Temp
50 Timefsec)  {(4deg F)
E
2
5
10
20
50
100
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Difference between input Levels 1 and 2 is the number of test temperatures. Level 3 inputs are
default values from the national calibration conducted under NCHRP Project 1-37.
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Red Flag: What About Your State? @
* What are the sources of variability in asphalt sampling?

* How do you think this variability will impact the inputs for
asphalt in the Pavement ME Design analysis?

@ Let's discuss some ideas and answer some guestions.
[
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e What are the sources of variability in asphalt sampling?
e How do you think this variability will impact the inputs for asphalt in the Pavement ME Design
analysis?
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Asphalt Binder Properties Input Levels

-

Parameter Level 1 Level 2 Level 3
G*/Phase Angle Lab: Binder Test Lab: Binder Test Mot Reguired
PG/Pen./Vis. Mot Required Mot Required Mot Reguired
Type (PG, Vis.) Net Required Not Required | SPecified binder grade fora

state or region of the state

Visooglastic: 0 <6< 90

s
=N
et
HAresz “‘-\ me <
S - e
e L& =
BT
i 'r: |-_ll A=tme by =3 &
=T
-l N
Shan “x__ r e
o

@ Can you identify the rotational viscometer, RTFO, and DSR?

MATERIALS INFUTS | LESSON3
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Rotational viscometer: It addresses rutting potential of binders. It is used in calculation of A
(regression intercept) and VTS (regression slope). Rotational viscosity is used to evaluate high
temperature workability of binders. A rotational coaxial cylinder viscometer, such as the
Brookfield apparatus, is used rather than a capillary viscometer. Some asphalt technologists
refer to this measure as "Brookfield viscosity. “

Dynamic Shear Rheometer (DSR): This test method covers the determination of the dynamic
shear modulus and phase angle of asphalt binder when tested in dynamic (oscillatory) shear
using parallel plate test geometry. It addresses binder strength and resistance to shearing.

Short-term binder aging: All binder data should be input after rolling thin film oven (RTFQO) aging
(versus pressure aging vessel, PAV, or original binder properties). Mix design or plant specimens
information is made from RTFO aged as well. RTFO simulates aging in the construction process.
Input levels for Binder and E* are related. For example, when Level 1 is selected for Modulus
then the user has to fill in a matrix of E* values at a number of temperatures and load
frequencies. To characterize the binder, when Level 1 is selected for E*, then G* and delta are
necessary.

E3-74



Module E: Mechanistic Empirical Pavement Design Guide Lesson 3

Level 1: Shear stiffness G* and phase angle (8) at multiple temperatures at a frequency of w =
10 radians/sec

Level 2: Same as Level 1

Level 3: Default A-VTS viscosity temperature susceptibility parameters based on Superpave
Performance Grade (PG)
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Pavement ME Design Inputs: Binder

Properties
2k
T &4
+ Mirs Voo
et mgid oo 150
s e barede et ik
B ey (%) =7
By s [T
P T -
Cyransc radda ] it vt 3
Sqleci HM42, Exier prociciren model b Aty e P inaloraly celbesod).
Erbeneres Wergeralr piegF [er R
mapral bondar [F] Sptors: 22
vyt ipmpder yproigt Wiy P iped =
e g L fwnd el &
+ Tharral
Frarral comdcirety | EFLibe-Bomg F1 e
il ity | [E
Tharal comracar, LNE-E
4 evibers

@ Syperpave Pedormancs Grads

7 Vimcoaity Grade
Fenetration Grads
Bander type w2 -
A M VTS 1426
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{Asphaltlaver ...
Thickness (in]

4 Mixture Volumeinics

Unit weight (pcf)

Effective binder content (%)

Aar voids [32)

(] 4

150
11.6
7
0.35

Input level-3
Use Viscosity based model (nationally calibrated).

[> Poisson's ratio
4 Mechanical Properties
Dynamic modulus
[ Select HMA Estar predictive model
k)
Asphalt binder

A ]
SuperPave:70-22

Indirect tensile strength at 14 deg F (psi)
Creep compliance (1/psi)

4 Thermal
Thermal conductivity (BTU'hr-ft-deg F)
Hesat capacity (ETU/b-deg F)

[ Thermal contraction

4 |dentihers

[+/1 38887
Input level-3

0.67
0.23
1.301E-05 {calculated)

Lesson 3
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Level 1 and 2 asphalt binder inputs require either Superpave or conventional asphalt binder test
data. Level 3 requires the user to select a binder grade.
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Slide 49

Pavement ME Design Inputs: Asphalt
Concrete Layer General Properties

2 | AC Layer Properties ]
AL surface shortwave absorptivity 0.85
Is endurance limit applied? False
Endurance limat (microstrain) 100
Layer interface Full Friction Interf sce

Interface Friction

0 Mo Bonding
1 Full Banding
Between 0 and 1 Partial Bonding

)

U S Departrrsast of Toansgoriation MATERIALS INFUTS LEH’QH 3
Fadarald Highway Administration
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4 AC LayerProperhes
AC surface shortwave at:csc:nrpn’[n..flh.r 0.85
|z endurance limit applied? Fals=e
Endurance limit (microstrain) 100
Layer interface Full Friction Interface

Layer Display Mame Layer Type Interface Friction
Default asphalt concr... (= =00, 1
Default asphalt concr... | Flexible (1) 1
A-1b Mon-stabilized Base (4) 1
AG Subgrade (3)

Interface Friction: £

0 No Bonding
1 Full Bonding

BetweenOand 1 Partial Bonding
-
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Asphalt concrete (AC) surface absorptivity: This dimensionless parameter defines the fraction of
available solar energy absorbed by the pavement surface.

Layer interface indicates the adhesion bonding of two layers at their interface.
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Slide 50

Material Input Catalogs for DOTs @
Data collection and evaluation
of the accuracy of input data
'
Identify impacts Performance prediction
related to other
inputs such as l.
traffic,
amdranment, . I5 there a reasonable comparison with
structural features | measured data?
Local Data
calibration, 4  quality . Develop catalog
atc. review

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
Fadarald Highway Administration

A flowchart outlining the general process for a DOT to develop a Materials Inputs Catalog is
presented in this slide. The process would start with some research into the types of inputs that
would be sensitive for pavements in a particular state or in various regions of a state.

The next step would be to collect data on these inputs and do some initial analysis to determine
the accuracy of the input data collected. The preliminary analyses would be evaluated in terms
of their performance predictions and possibly compare that with past field pavement
performance history found in a state’s pavement management databases.

In the event that trial designs using the developed material inputs catalog don't produce
reasonable designs as compared to a DOT’s past experience, then additional steps should be
taken to investigate whether the inconsistencies are stemming from materials inputs, or
perhaps from traffic, environment, or other structural inputs that could be influencing the
results. Examples of these additional steps could be additional quality review on the gathered
material input data, performing local calibration (if not previously done), etc. After these steps
are conducted (if necessary), the materials catalog can be developed for general use, but it
should be mentioned that each project is unique and should be considered in the design phase
and again prior to construction to ensure the materials assumed are still valid.

E3-82



Module E: Mechanistic Empirical Pavement Design Guide Lesson 3

E3-83



Lesson 3 Participant Workbook

Slide 51

Risk and Quality for Asphalt Properties @
* Quality Assurance (NCHRP 9-22)

Evaluation By PRS Evaluation By PRS

Design JMF Mix As-Built Mix
Quality

Comparison Quality

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
Fadarald Highway Administration

This screen shows the overall concepts behind the QRSS approach on potential applications
connecting materials testing and acceptance to pavement design performance predictions.

These come from the project NCHRP 9-22 Beta Testing and Validation of HMA PRS, in which the
predicted performance (using Pavement ME Design models) of the as-designed mixture
(designed by either the contractor or the State DOT) is compared to the predicted performance
of the as-built mix (produced at the contractor’s plant during production).

The lab tests can be run to determine the gradation, air voids, asphalt content, and specific
gravities—or one can run the Dynamic Modulus test on the HMA instead of the gradation,

which gives a more detailed assessment of the mixture’s performance potential at the mix
design and production stage prior to construction.

The advancement of the volumetrics-based procedure developed in NCHRP 9-22 led to the

development of a field-based procedure in a follow-on NCHRP Project 9-22A Evaluation of the
Quality-Related Specification Software (QRSS) Version 1.0.
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It is an example of how risk and quality in the sampling process, as well as the impact of asphalt
production properties, can affect pavement distress predictions. A field-based procedure (like
that of NCHRP Project 9-22A) allows for the as-design mix was compared to the predicted
performance of the as-built mix (sampled at the contractor’s plant during production, and
considering in situ construction properties such as density). This approach can account for
variability in the mixture since it is based on evaluating material in a lot-by-lot (and sublots)
basis, as opposed to the averages used in the Pavement ME Design.
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Asphalt Material Properties Affecting @
Flexible Pavement Performance
HMA Inputs Level of Sensitivity for HMA Distresses
Eraug Parameter Hh-'!.ﬁ. Tntill Alllga.tn-r Lnngutun.:lmal TI"IEI'I'I_‘I!'
Rutting | Rutting | Cracking | Cracking |Cracking
Thickness Vs Vs W5 5 M5
Dynamic modulus 5 5 5 5 NS
Binder grade/stiffness 3 5 13 5 5
Poisson's ratio M5 N5 M5 M5 M5
Laver/HMA | Thiermal conductivity NS NS ME NS 5
Heat capacity M5 N3 M5 M5 3
Creep compliance ME N5 NS MS Vs
Tensile strength at 14 °F NS NS MS MS Vs
Nnermarcontracuon | N | Ns | ons [ ons (N
]

05 Dopartrsast of Tranuzietation MODULE E MATERIALS INFUTS | LESSON3
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The asphalt layer’s dynamic modulus and thickness are most influential on the structurally
based pavement distresses (rutting and fatigue cracking); however, the low-temperature
properties (tensile strength, coefficient of thermal contraction, and creep compliance) are most

sensitive for thermal cracking distress.
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Slide 53

Recap of Sensitive Materials Inputs:
Flexible Pavements (Asphalt)

r—

* Distress type: HMA rutflng

— Binder grade

— Dynamic modulus (stiffness)
* Distress type: Total rutting

— Resilient modulus (subgrade stiffness)
* Distress type: Alligator cracking

— Dynamic modulus (stiffness)
* Distress type: Thermal cracking

- Tensile strength

- Coefficient of thermal contraction

- Creep compliance

R

&

U5 Departmast of Trenesortatics MODULE E MATERIALS INPUTS | LESSON3
Foders! Highway Administration
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Shout It Out: Asphalt Properties that
Influence Pavement Design Performance

IRl Smoothness

=

—Design LI

4

Wi [onfmi)

- L al
Paverrent Age [months)

Match the asphalt binder or mix property to the flexible pavement
performance prediction it would mast likely have influenced.

MATERIALS INFUTS | LESSON3

'3 MODULE E

105 Departrsact of Toanegarialion
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Slide 55

Concrete Material Inputs

4
4]

| MODULE E MATERIALS INPUTS | LESSON3

F v Administration
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Concrete Material Inputs @
* Which of the following statementsis the most correct?

a) Level 1inputs are preferred for concrete pavement
design and all agencies are equipped with testing
facilities required to characterize the paving materials.

b) Project-specific testing is not required at Level 3.
Historical test values from past construction with tests
conducted using protocals are all that is required.

c) Youwill always know the concrete mixture design and
material sources during the development of the design to
get Level 1 inputs.

What is your prereguisite knowledge of concrete material inputs
reguired in the Pavement ME Design approach?

[
._.'_ﬁ.,,......... o Transgortation MODULE E MATERIALS INFUTS | LESSON3

Fadarald Highway Administration
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Portland Cement Concrete (PCC)
]
Material Inputs
e Add Lapar #R‘.ﬂmlrlm _:PGE
Thickress (in) = n
Uni et |l =] mo
Podsspa’s rati =lnz
4 Thermal
PO poeloienl of theral empansion [nieieg F i 100F] 6%
PO therrral cosducisiy (ETUV-B-d2g Fl = 128
PCIC beal capacdy (BT ey F) = nm
& Mim
Ceawri fppe Tres 1 (1)
Cemeniitions redesidl oonieet [kepd T =] s
TR ) DR rati =] n4z2
LggregiE iy [e Dusoamine: {Z§
b POC 2eic-sies wevgainias [ieg Fl ] Coloidates)
¥ Ukieahs shrinksgs [rioinaval [ 63123 fooudaiwd]
Reseisible shriskage (%) =] o=
Thws i ewekop B0 of uliree sheiskage idwa) = 3
Cnting mwihad Caminag Coampomind
& Sivengh
POC siragih wred wwedulied =] Lsw 3 RuplimeS00% Mol 2000000
PCC Materials Level 3 pivpical
POC Slabs (newly constnected ar 020
existing)
Fractured Slab
Crack/'Seal 020
Break Seat 020
Fubbalized 0_30
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Lf} Add Layer ﬁ Remowve Layer . "?JPC{:I
Thickness (in.) 11
Unit weight (pcf) 150
Poisson's ratio 0.2
4 Thermal
JPCP Default PCC coefficient of thermal expansion (in.fin/deg F x 10™1[+/] 5.5
i . A PCC thermal conductivity (BTU/hr-ft-deg F) 1.25
"'ﬁ PCC heat capacity (ETU/b-deg F) 0.28
| 4 Mix
- Cement type Type | (1)
i Cementitious material content (Ibiyd™3) 600
- o R Y Water to cement ratio 0.42
(| Ilkhr edit Layer N-sta bilized s Aggregate type Dolomite (2)
= e A - [ PCC zero-stress temperature (deg F) ] Calculated
[ Ultimate shrinkage (microstrain) (] 632.3 (calculated)
Reversible shrinkage (%) 50
Time to develop 50% of ulimate shrinkage (days) 35
Curing method Curing Compound
4 Strength
PCC strength and modulus Level:3 Rupture(690) Modulus{4200000)

PCC Materials Level 3 ptvpical
PCC Slabs (newly constructed or 0.20
existing)
Fractured Slab
Crack/Seat 0.20
Brealk/Seat 020
Rubbilized 0.30
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Portland Cement Concrete (PCC) Inputs

En _/‘/
2] 1
@re2
hmuwmmwt a1
, ity {ETUN Adeg F) S s
beat crpacty (ETUIS-de3 7) /S Eox

~

20\ - -
St bere be o] Liyer £ Non-subrkzed Sase
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Thermal
" —

Mixture

Lesson 3

Strength
T AR—

e e
L{} Add Layer ﬁ Remove Laye 4 PCC
Thickness (in) 11
‘ LImit weight (pcf) 150
PR A2
4
| CIl{:k here t{: Bdlt Laver 1 F"CC JPCF" Default PCC coefficient of thermal expansion (infin/deg F x 10°1[+/] 5.5
- - : PCC thermal Conductivity (BT hr-ft-deg F) 1.25
= ‘ﬂupﬂciw (BTU/Ib-deg F) 028
' a4 Mix
Cement type Type | (1)
Cementiticus material content (Ibiyd” 2] &00
\wiater to cement ratio 042
Aggregate type Dolomite (2)
[ PCC zero-stress temperature (deg F) [ ] Calculated
[=  Ultimate shrinkage (miciostrain) [ ] 632.3 [calculated)
Reversible shrinkaod (%) 50
Time to develop 5U0% of ultimate shninkage (days) 35

Level -3 Rupture(630) Medulus(4200000)
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Design

Type

Mew PCC,
PCC
overlays,
and
existing
PCE (when
subject to
a bondad
PCC

overlay)

PCC Material Properties Test Protocols

Source of Data

Recommended Test Protocol

Measured Pro
Sasun roperty and/or Data Source

Elastic modulus X ASTM C 469

Paoisson’s ratio X ASTM C 469

Flexural strength X AASHTO T97

Indirect tensile strength (CRCP % AASHTO T108

only)

Unit weight X AASHTD T121

Al content X AASHTO T 152 or T 196

. ) AASHTO T 236 (current method), but the
Coefficient of thermal X
FHiEEn S — MEPDG MOF shaws AASHTO TF 50

Surface shorfwave absorptivity X Use default values

Thermal conductivity X ASTM E 1952

Heat capacity X ASTM [ 2766
Mational test protocol not available;

PLC zero-stress temperature X estimate using agency historical data or
select default values

Cement type " Lelect based on actual or expected
cement source

MODULE E

MATERIALS INFUTS

LESSON 3

Lesson 3

Lab test methods are available for nearly all of the concrete material properties. Estimates must
be done for surface shortwave absorptivity, PCC zero-stress temperature, and cement type.
Testing can be done for existing concrete layers by taking cores, bringing them back to the lab

for testing.
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PCC Material Properties Test Protocols
Measured B Source of Data Recommaended Test Protocol
easured Property and/far Data Source
- . LSelect based on actual or expected
New PCC, Cementitious material content X e e
PCC
overtays, Water to cementitious ratio ¥ Select based on ;Iuctual or expected
and concrete mix design
existing Lelect based on actual or expected
PCC when e * aggregate source
subject to select based on agency
Curing method X
a bonded g recommendations and practices
PCC
overlay Testing not practical. Estimate using
Ultimate shrinkage i predictive equation in Pavement ME
Design
{ i i ical
. rsible shrinkage X Estimate using agency historical data or
select default values
Time to develop 50% of ultimate Estimate using agency historical data or
- X
shrinkage select default values

. Departrrsast o T MODULE E MATERIALS INFUTS | LESSON3
rald Highway Ad
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PCC Material Properties Test Protocols @
Megsured B Source of Data Recommanded Test Protocol
easured Property Estirmate and/far Data Source
Exicti ASTM C 469 (extracted cores)
isting,

intact. and Elastic modulus X AASHTO T 256 (non-destructive

T deflection testing)

FLC —
Polsson's ratio X ASTM C 469 (extracted Cores)
Flexural strength 4 AASHTO T97 (extracted cores)
Linit weight 4 AASHTO T 121 (extracted cores)
o g e e " ::;;ﬂrllal;;a:;spmtﬂml not avallable; use
Thermal conductivity X ASTM E 19572 (extracted cores)
Heat capacity X ASTM D 2766 (extracted cores)

4]

05 Dopartrsast of Tranuzietation MODULE E MATERIALS INFUTS | LESSON3
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The purpose of the screen is to introduce the test methods required for Level 1 inputs of
existing concrete material properties for rehabilitation designs of existing rigid pavements.

Lab test methods are available for nearly all of the existing concrete material properties.
Estimates must be done for surface shortwave absorptivity.
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PCC Thermal Properties

|4Thﬂ'li

BCL costhicient of thermal expansion (inJinfdeg F x 10°6) | [&] 55

PCEC thermal conductivity (BT Uhr-f-deg F) 125
FCC hest capacity [ETLB-deg F) [¥] o=
'

Andesite 53
Basalt 5.2
Diabase | 46
Gabbro 55
Granite | 58
Schist 5.6
Chert | b6
Dolomite 58
Limestone | 5.4
Cuartzite 6.2
sandstone | 6.1
Expanded shale 5.7

Thermal

Conductivity Range

0.2t0 2.0
Btu/(ft)(hr){"F)

)

WS Deparimeact of Transzaciation MODULE E

Fadarald Highway Administration

Heat
Capacity Range

0.1to00.50
Btu/(Ib)(°F)

MATERIALS INFUTS | LESSON3
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4 Thermal |
PCC coefficient of thermal expansion (in./in./deg F x 10™-6) |+ | 5.5
PCC thermal conductivity (BT hr-ft-deg F) 1.25
PCC heat capacity (BETU/b-deg F) 0.238

TR TG Coefficient of Thermal

(10°¢/°F)
Andesite

Basalt 5.2
Diabase 4.6
Gabbro 5.3
Granite 5.8
Schist 5.6
Chert 6.6
Dolomite 5.8
Limestone S
Quartzite 6.2
Sandstone 6.1
Expanded shale 5.7

E3-101
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Conductivity Range
0.2to0 2.0
Btu/(ft)(hr)(°F)

Heat
Capacity Range
0.1 to 0.50
Btu/(lb)(°F)
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Thermal conductivity typical values for concrete range from 0.2 to 2.0 Btu/ (ft) (hr) (°F). Use
default value set in program: 1.25 Btu/ (ft) (hr) (°F).

Heat capacity typical values for concrete range from 0.1 to 0.50 Btu/(lb)(°F).Use default value
set in program: 0.28 BTU/Ib.-°F

It should be noted that the CTE values presented on this slide are uncorrected values.
Therefore, it is recommended that the CTE values be corrected and that a recalibrated model
should be used.
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PCC Mixture Properties @
4 Mix
Cement type Type 1 (1)
Cemertitious material content (Ibiyd"3) [+] &0
Water to cement ratio 0.42
Aggregate type Dolomite (2)
I+ PCC zero-siress temperature (deg F) [] Calculated
[ Ulimade shrinksge (microstrean) [ 632.3 (calculated)
Reversible shnnkage (%) 50
Tirme to develop 50% of ulimate shrinkage (days) a5
Curing method i
Cement Type Aggregate
Type
Type 11 (2) (Coarse)
Type Il (3)

What would you do if you had a type of aggregate that isnt listed on
the screen?

[
J MODULE E MATERIALS INFUTS | LESSON3
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4 M
Cement type Type | (1)
Cementitious material content (Ibiyd™3) &00
\wiater to cement ratio D.42
Aggregate type Dolomite (2)
= PCC zero-stress temperature (deg F) [ ] Caleulated
= Llltimate shrinkage (microstrain) [ ] 632.3 (calculated)
Feversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage (days) 35
II:uri@_ method Cl.l'inl_:_| Compound
| Quatzie @
Limestone (1) .
Cement Type Aggregate |Dolomit= (2) Curing Method
Type ol )
Type 11 {2) (Coarse) g::: ﬂ!ﬁ} Curing Compound
Type 111 (3) |Gabbro (7)
- - {Chert (8) -
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The main three inputs for the PCC mixes include the cement type, aggregate type, and curing
method proposed.

The cement type and coarse aggregate type will influence the CTE, as shown by a researcher at
the University of Arkansas and FHWA.
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Red Flag: What About Your State? @

* Where do you foresee conflicts between the concrete mix
specifications and the types of inputs required by Pavement
ME Design?

* What level of risk would result due to how the specifications
versus the inputs compare?
-

Lo - — s LT
rE KO | M oy ArS
fom (oo f— {w ¥ ¢
S, S0 A =]
] wr | L ]
L ug & F Tl PR e
LT UHE e | | O el
LAY co I e T A
pay [ 2 fwot ey 22O
= ) = 1 - A A HE ¢
Y f N I
¥ LT T et T
. e PR TR
oF2 A K " LE ot ¥ %
o ol
= ) f-- W
_—_ - \,
TS 3

@ Consider your 5State and answer the guestions on this screen.
[
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e Where do you foresee conflicts between the concrete mix specifications and the types of

inputs required by Pavement ME Design?

e What level of risk would result due to how the specifications versus the inputs compare?
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PCC Strength Properties @
4 Strength

FCC strength and modulus Level:3 Ruplure{690) Modulus(4200000)
FLE shsagih input besel 4 =
25Dy PO o en of ruptz (pmi| B8l

Z3-Dry PO compressiwe sreagth (P51

o 28-Cery P bedio wwck e (pesd] 4 20000C

[

WS Deparimeact of Transzaciation

Fodarad Highway Administration
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4 Strength
PCC strength and modulus Level:3 Rupture(630) Modulus{4200000)

PCC strength input level 3 -
i@ 28-Day PCC medulus of rupture (psi) €90
() 28-Day PCC compressive strength (psi) [::::::::::::]
[#] 28-Day PCC elastic modulus (psi) 4200000
PCC strength input level 7 -
Time Compressive strength {psi)
0
14-day 0
0
0
0

PCC strength input level
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Note that the 20-year/28-day value may be something that you do not have. It is a long-term
data from some sort of field testing. If you do not have any information on your moduli after 20
years in service, then the recommended values for the 20-year/28-day ratios are provided in the
NCHRP 1-37A report Part 2 Design Inputs.

Chapter 2 Material Characterization include:
® For MOE, the max value for 20-year/28-day is 1.20.

e For compressive strength, the max value for 20-year/28-day is 1.35.
e For MOR, the max value for 20-year/28-day is 1.20.
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Discussion: Concrete Strength Inputs @
* Variation in concrete strength during construction
— Example: Florida DOT concrete paving specs

* \ariation permitted within a specific range per each individual
State's specifications

Pavement ME Design uses one input value for concrete strength, but
what happens in the field during construction?

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
Fadarald Highway Administration

The variation should be represented by representative samples observed in the particular state
DOT’s specification using average values from the field data. This is an important point in that
specification value could be much lower than what has been constructed in the field and the
materials engineers would need to know and give this information to the designers to do a
longer-lasting pavement design. Unless a DOT has historical data, a designer would not know
what values to use. Therefore the best avenue may be to use the minimum design strength. In a
design-build situation, there would be more control over what the contractor is going to
produce ahead of time, and the variation would be expected to be much lower in materials
samples.

The reality is that there is variation in concrete strength during construction (e.g., the Florida
DOT concrete paving specs allow for a minimum 28-day compressive strength between 3,000
and 4,400 psi), which is permitted within a specific range per each individual State’s
specifications. For initial design, the user should be specifying the design strength, not using
what the contractor actually provides, unless this is used to compute PRS pay factors or for
forensic purposes.
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Recommended Values for PCC Materials:
Elastic Modulus

Rigid Pavemant Type Descriptar of Stitfness Madulus

28-day flexural strength AND 28-day PCC elastic modulus OR
28-day comprassive strangth AND 28-day PCC alastic modulus OR
28-day flaxural strength OMLY or

2B-day compressive strength DMLY

Mesy POC elastic modulus
and flaxural strength

Existing intact PCC Basad on the pavemant condition, salect typical modulus valuas from the rangs
elastic rsodulus of values given

The thres commaon mathods of fracturing PCE slabs inchuda crack and saat, break

Exgsting fractured PCC and seat, and rubbllization. Interms of materlals characterization, cracked or
elastic modulus broken and seated PCC layers ks considered In a separate category from rubbdized
layers, At Lavel 3, typical modulus valees may be adopted for design:

Qualtaties Doscriptionof | Typacal Mody lus Ranpes,

Frasstsned POC Layer Type Typicsl Medulus Ranges, pai
Pavimssfit Comdition CH
Adequate Ztodx 10F Crack and S=at or
Braak sed Saat 150 (MR o 1, (0D, R
Margeal 1to3x10F
nadoguata 03 o1 k107 Rubhilized S0L0HH o 150 0D

. Departrrsast o T MODULE E MATERIALS INFUTS | LESSON3
rald Highway Ad

This information gives participants values to start within the absence of testing equipment and
Level 1 inputs.
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Recommended Values for PCC Materials:
PCC Set Temperature

¢ Ferostress temperature, Tz, can be input directly or can be estimated from
manthly ambient temperature and cement content using the eguation shown:

Tz = (Ce*0.59328%H*0.5% 1000* 1.8/{1.1% 2400+ MMT)

Anillustration ofthe zero stress temperatures for different mean manthly
temperatures and different cement contents [n the PCC mix dezlgn iz presented:

Mean Monthly Cementitious tent [Ibs/cy)
Temperature [°F) ' A00 | 500 | 600 |

&0 78 84 88 83
70 a1 a7 102 107
20 103 109 115 121
g0 115 121 127 134
100 126 132 139 145

[
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T.=(Cc*0.59328*H*0.5*1000*1.8/(1.1*2400)+MMT)

Where:

T,= PCC set temperature (allowable range: 70 to 212 °F)

Cc= Cementitious content, |b/yd?

H =-0.0787+0.007*MMT-0.00003*MMT?

MMT = Mean monthly temperature for month of construction, °F
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JPCP Desig_n Features

4 [JPCPDesign |
PCC surface shortwave absorptivity 0.85
b PCC joint spacing (f) 15
Seslant type Preformed
b Doweled jounts Spacing(12), Diameter(1.25)
i Widened slab Not widened
b Tied shoulders Not tied
Erodibility index Very erodible (5)
b PCC-base contact fnction Full friction with friction loss at (240) months
Permanent curlwarp effective lampersture difference (deg FI[Z] -10

Sealant Type

[Ctherfinchoding No Sealart... Liquid... Slicone) |
Preformed

Erodability Index

Extremely erosion resistant (1)
Very erosion resistant (2)
Erosion resistant (3)

Fairy erodible (4)

9.‘ st artaticss MODULE E

ot o Transp t
Fodera! Highway Administration
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4 JPCPDesign . .
PCC surface shortwave absorptivity 0.85
= PCC joint spacing (ft) 15
Sealant type Preformed
i Doweled joints Spacing(12). Diameter{1.25)
= ‘\widened slab Mot widened
= Tied shoulders Mot tied
Erodibility index Very emndible (5)
i PCC-base contact friction Full friction with friction loss at (240) months
Permanent curlfwarp effective temperature difference Edeg Fi -10

Sealant Type Erodibility Index

Extremely erosion resistant (1)
Veny erosion resistant (2)
Erosion resistant (3)

Fairty erodible (4)

Very erodible (5)

Other{Including No Sealant... Liquid... Silicone)
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The design feature inputs for JPCP include key parameters such as the joint spacing, sealant
type, presence of widened slab and dowels, shoulder ties, and erodibility index.
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Participant Workbook

Exercise 1: Variability in Materials/Construction
Affecting Performance

* Brainstorm a few examples of variability in materials or
construction that could affect the pavement’s ability to meet

its design life within the reliability level specified
— Materials elements

— Construction elements

%) Take three minutes to name three aspects of variability in materials
£ 2 or construction that can affect the designed pavement performance.

[
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Overarching Sample Pavement Projects
Pavement ME Design

New JPCP_high traffic_Utah
e W= Typical Utah PCC Mix Properties

| Fachmeage. (in |

(pef) Ratio (Ibfyd?)

PCC PCC PCC Cementitious  Water-to-

Unit Weight Poisson’s  Material Content Cementitious

Ratio

. Average 142.8 0.175 574 0.419
Minimum 1375 0.110 513 0.381
L Maximum 152.0 0.210 612 0.500
5| Standard 4.8 0.035 43 0.042
™ Deviation
4 Swenglh
PLC sireagih ared modules m Level: 3 Rupbure] 23]

Do the input ranges you see for the sample project in Utah comply
with the ranges established through local calibration by Utah DOT?

[
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- e Add Layer $§ Remor

1

New JPCP_high traffic_Utah

Typical Utah PCC Mix Properties

Thickness (i

PCC

Unit Weight
(pcf)

PCC
Poisson’s
Ratio

PCC Cementitious
Material Content

(Ib/yd°)

Water-to-
Cementitious
Ratio

FCC strength and modulus

Average
3= Minimum 137.5 0.110 513 0.381
m Maximum 152.0 0.210 612 0.500
7 Standara 4.8 0.035 43 0.042
Toy Deviation
oy o T 4

Level:3 Rupture(723)
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Level 3 inputs for rigid pavement PCC properties are shown.
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Participant Workbook

Pavement ME Design

Overarching Sample Pavement Projects @

New JPCP_high traffic_Utah

& PLCC joird spacang (ft)
Sealant type
+ Doweled joints
4 ‘widersd slab
I= slab widanad ¥
Slab wadth ()
+ Tied shoulders
Ercudibility index
» PCC-base contact friction

Parmanent curliwerp eflective tempersture diflerence (deg F)

[#] 085

15

Preformmed

Spacing(17). Diameter(1.5)
Widened{12)

True

] 12

Mot tied

Very erodible (5)

[Full friction with fhiciion loss al (240) months
[#] -10

@ Do all of these Inputs make sense?

0
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New JPCP_high traffic_Utah

4 i JPCP Design i
PCC surface shortwave absorptivity 0.85
»  PCC joint spacing (ft) 15
Sealant type Preformed
> Doweled joints Spacing(12). Diameter(1.5)
4 \Midened slab Widened(12)
Is slab widened ? True
Slab width (ft) 12
> Tied shoulders Not tied
Erodibility index Very erodible (5)
» PCC-base contact friction Full friction with friction loss at (240) months
Permanent curl/warp effective temperature difference (deg F) -10
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The design properties for the sample pavement design project in Utah are shown and will be
demonstrated as part of Lesson 5.
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Overarching Sample Pavement Projects
Pavement ME Design

Rehab_HMA over JPCP_high traffic_Indiana

e idd Layer 3§ Rermave Lager . PG

Thickrin (i8] 18
Uit weight isel) ] 4z
Poigsnn's saba (I8!

@ Tharmal
PLC coelicien of errral esparsion (irdinddeg F 2 1078 [F] 4.84
PLC Berrral conductreiy (ETUN-A-geg F) 125
PCLC beat capacity (BTUAb-deg F 028

4 M
Ciarossi bypt Type | (1]
Comestiboss: maierial content (™) 510
W b cament rfip [E]
Aggragaln troe Limesstcorse [T}
PLC zeseraivess temperaire (deg Fl [] Coledabed

+ tirrate shnnkage (microsirsin) [ 5202 jcaboulabed)
Rervernible shrirksges ('] 50
Torrm 1= devalos 500 of chimate abrickage [day ) =] 35
Lo ot g Compourd

4 Shrangh
FCL strength sed moculus Lovensl: 3 Fluaptuars {700}

MODULE E MATERIALS INFUTS | LESSON3

E3-123



Lesson 3

Participant Workbook

Rehab_HMA over JPCP_high traffic_Indiana

- e Add Layer $§ Remove Layer

2 Cllck here to edit Layer 1 Flexlble Default 2s

PCC
Thickness (in.)
Unit weight (pcf)
Poisson’s ratio
Thermal

PCC coefficient of thermal expansion (in./in./deg F x 10"-6) 484

PCC thermal conductivity (BTU/hr-ft-deg F)
PCC heat capacity (BTU/Ib-deg F)

Mix

Cement type

Cementitious material content (Ib/yd"3)
\W/ater to cement ratio

Aggregate type

PCC zero-stress temperature (deg F)
Ultimate shrinkage (microstrain)
Reversible shrinkage (%)

Time to develop 50% of ultimate shrinkage (days)
Curing method

Strength

PCC strength and modulus

8
142
0.1

125
0.28

Type 1 (1)

510

04

Limestone (1)

[] calculated

[] 520.2 (calculated)
50

35

Curing Compound

Level-3 Rupture(700)
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One can see that the PCC properties are exactly the same as in the case of the new rigid
pavement. A designer would have to access construction and plant records from the original
PCC construction to get these inputs. FWD or other testing would be used to get a back
calculation of the existing pavement’s modulus.
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Exercise 2: Overarching Sample Pavement
Projects - Pavement ME Design

Rehab_HMA over JPCP_high traffic_Indiana

a JPCF Design
PCC surfsce shorbwave absorpbivty 0.85
PFCC joant spacing (f) 15
Sealant type Prefomed
Doweled joints Spacing(17). hameter(1.25)
Viigenad slab Mot widened
Tied ghoulders Mot thed
Ercdiblity index Very ercdible (5)
PCC-bass contset nction Full friction with friction loss at (240) months
Fermarnent curlwarp sfachve bemperahure dterencs (deg F) -10

T Take about 5 minutes to break into groups and discuss if the inputs
£ are within spec for Indiana DOT of not.

)
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Rehab_HMA over JPCP_high traffic_Indiana

4 JPCP Design

PCC surface shortwave absorptivity 0.85

» PCC joint spacing (ft) 15
Sealant type Preformed

. Doweled joints Spacing(12). Diameter(1.25)

+ \Widened slab Not widened

> Tied shoulders Not tied
Erodibility index Very erodible (5)

» PCC-base contact friction Full friction with friction loss at (240) months
Permanent curl/warp effective temperature difference (deg F) -10
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PCC Material Properties Affecting JPCP
Pavement Performance
JPCP Inputs Laval of S-r:nsili\lil'f far JPCP
Distresses
GIoup Parameter Faulting Cracking
PCEC layer thickness V5 V5
Uit welght 5 5
Poisson's ratio 5 5
Coefficient of thermal expansion WS WS
Thermal conductivity 5 V5
Heal capacity N5 M5
Cement type N5 N5
Cementitious material content 5 NS
Layer/PCC ‘Water to cement ratio 5 M5
Apgregate bype N5 M5
PCC rero-stress temperature ] M5
Reversible shrinkage N5 NS
Time to develop 50% of ultimate shrinkage N% M5
Curing method N% N5
28-day PCC modulus of rupture 5 W5
28-day PLC compressive strength N% W5
]

105 Departrsact of Toanegarialion MODULE E
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MATERIALS INFUTS

LESSON 3

Lesson 3

The principal concrete material properties that affect concrete pavement performance include

MR, E, and thermal coefficient.

Other sensitive factors include the thickness (which is a pavement design factor, not a materials

factor).

Notes on the high sensitivity of the coefficient of thermal expansion, and thermal conductivity:

While the predicted pavement performance may be show high sensitivity to some of the

parameters, those results should be considered with caution in that the models were calibrated
using default values and the actual effects of those parameters on pavement performance are

generally unknown.
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JPCP Design Features @

* From the list provided, select the design features which can
be modeled by the Pavement ME Design software for a JIPCP
pavement

a) Dowel diameters less than one inch

b) Base erodability

¢) Joint transfer efficiency of 45%

d) loint skewing with doweled joints

e} Joint spacing

f) Contactfriction between JPCP and base course

What is your knowledge of IPCP design feature inputs in the
Pavement ME Design software?

[
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The purpose of the screen is to gauge the participants’ post-requisite knowledge. This is a post-
knowledge multiple choice question given to the participants before the content is delivered.
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Recap of Sensitive Materials Inputs:
Rigid Pavements (JPCP)

* Distress type: Faulting m
o

— Modulus of Rupture >/
g‘l "y
* Distress type: Slabs cracked ;w";_:;"’ ol

— Compressive strength e
— Modulus of rupture :

£
— Coefficient of thermal expansion ‘{;

Q MATERIALS INPUTS | LESSON3

US Bepartmant of Transpartation
Fodera! Highway Administration

Lesson 3

These are the inputs that are most of interest to a pavement designer seeking input from a

materials engineer in his/her agency.
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CRCP Design Properties

« CRCPDesign |
PCC surface shortwave absorptivity 0.85
Shoulder type Asphait
Permanent curl'warp effective temperature difference (deg F) -10
Stee! (%) 06
Bar chsmeter (in.) 0.625
Steel depth (inch) [Z 4
Base/slab friction coefficient ] 75
b Crack spacing Generate crack spacing using prediction model

Shoulder Type

Tied PCC - Separate (0)
Tied PCC - Monolithic (1)

pavements?

Tranesurtaticss MODULE E

ghway Administration

@ Which inputs are different than in the base layer for the JPCP

MATERIALS INPUTS | LESSON3
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4 iCRCPDesign ;
PCC surface shortwave absorphivity 0.85
Shoulder type Aszphalt (2)
Permanent curl/warp effective temperature difference (deg F) -10
Steel (%) 0.6
Bar diameter (in.) 0.625
Steel depth (inch) 4
Base/slab friction coefficient 75
= Crack spa{:ing Generate crack spacing using prediction model
Shoulder Type
Tied PCLC - Separate (1)
Tied PCC - Monolithic (1)
Gravel (3)

E3-133




Lesson 3 Participant Workbook

Additional items include the shoulder type, percentage, and depth of steel in the slab, bar
diameter, base/slab friction coefficient, and the crack spacing.

Both JPCP and CRCP can have stabilized bases. The options are always the same as the ones for
flex pavements: cement stabilized, lime cement fly ash, lime fly ash, lime stabilized, and soil
cement stabilized. However, the base/slab friction coefficient is only an input for CRCP
pavements and not for JPCP.
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CRCP Design Properties for Utah
Sample Project

a CRCP Design
Shoulder fype
Siwal %]

Ear diometer (in )
el espih (inch)

¢ Crack spacing

PCC surlscn shorwires absorgtvity

Perrrarssnt curlwarp efisctive sarmperature diflerence (deg F)

Eaiatalak frchon coaficies]

New CRCP_high traffic_Utah

g prod "

Fange and Modiss SlabBase Friction Coslficionts by Base Typa

Fricties Codllilant

Subibase Hasatype P
Fme graned sod 05-1.1-2
Sand* 05=0g=1
ramular 05-27-58
Lime-stabiized clay” F-#l-5%
ATE ID-ES—1ET
CIB EET T
Zal cemern 61-75-13
LCE A0-10.7-IL%

)

U S Departrrsast of Toansgoriation
Fadaral Highway Admin

LCE not cured®

> 36 (higher than LCB cured)

MATERIALS INFUTS | LESSON 3
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New CRCP_high traffic_Utah

4 CRCP Design
PCC surface shortwave absorptivity 0.85
Shoulder type Asphalt (2)
Permanent curliwarp effective temperature difference (deg F) -10
Stesl [ 0.6
Bar diameter (in.) 0.625
Steel depth (inch) [+F] 4
Baselslab friction coefficient 25
» Crack spacing Generate crack spacing using prediction model
Range and Median Slab/Base Friction Coefficients by Base Type
Subbase/Base type Friction Coefflc.ient
(low — mean — high)
Fine grained soil 05-11-2
Sand* 05-08—1
Granular 05-27-58
Lime-stabilized clay™* 3-41-53
ATB 20-85—18.7
CTB 29-96-209
Soil cement 6.0-7.9-23
LCB 6.0—10.7—21.5
LCB not cured* > 36 (higher than LCB cured)
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This section will be demonstrated as part of the Lesson 5 module. The base/slab friction
coefficient varies by base type and the MEPDG MOP provides typical average values. This input
is in fact only an input for the CRCP design and is not a base layer input for JPCP.

The screen includes the table of ranges for the base/slab friction coefficient, which is an input
option for base layer only with the CRCP design properties.
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CRCP Concrete Mix Properties

New CRCP_high traffic_Utah
« WO
A 208 Layes $§ Remove Layer &‘:“;‘:.;‘; % ::S
Fomsor 3 rase = o2
# Themsd

PCC acefhont of hemal exsarsion Hnh 7] 8.5
PCC thermal condectivity (ETURe hdeg FZ] 1.25

FCC hant capmaity (ETUNb-ceg F) 7] 028
- M
Covert type Type 11 (2)
Carrertios malend cortet (By2"Y ] 564
\oiater ) comert ratio (] 04as
Aggregae hpe Quatzie (0)
FCC zerosboess servperature (deg F) ] Calasdsted
A3 rate shrirkage |mvcrostras) [] 5262 (caladeted)
Pavacsble strvikage (% (Y] so0
Ture 1 Sevelop 50% of sltivate svrkage [F] 35
Cunrg method Curng Compound
* Swergh
PCC syengh 200 modis [7] Lewed 3 Ruptuee(72)
PCC atrength and mochdeas

This enty is used to dedenmine PCC shenglh and modulas

Fodaral High

ay Administration

MATERIALS INPUTS | LESSON3
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New CRCP_high traffic_Utah

s Add Layer 8 Remove Layer

Click here to edit Laver 2 Non-stabilized Base - A-

-
““y

-7

PR

i Click here to edit Laver 3 Non-stabilized Base : A- :

: i sy g AR R e ol

[{Click here to edit Layer 4 Subarade | A-2-4 __Jigegabs

BT 3 9\-.&\; : . (353
R

| /‘

PCC

Thickness (in.) 1
Unit weight (pcf) 145
Poisson's ratio 0.2
Thermal

PCC coefficient of thermal expansion (in./i 55
PCC thermal conductivity (BTU/hr-ft-deg F 1.25

PCC heat capacity (BTU/Ib-deg F) 0.28
4 Mix
Cement type Type 1l (2)
Cementitious material content (Iblyd™3) 564
\Water to cement ratio 0.443
Aggregate type Quartzte (0)
b PCC zero-stress temperature (deg F) [] calculated
b Ultimate shrinkage (microstrain) [] 526.2 (calculated)
Reversible shrinkage (%) 50
Time to develop 50% of ultimate shrinkage 35
Curing method Curing Compound
4 Strength
PCC strength and modulus Level:3 Rupture(723)
PCC strength and modulus

This entry is used to determine PCC strength and modulus.
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Both JPCP and CRCP have the same inputs for materials properties of the concrete mixtures.
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PCC Material Properties Affecting CRCP

Pavement Performance

CRCP Inputs Lewel of Sensitivity for CRCP Distresses
Group Parameter Punch-out Er:jizlhm;;:h MITTTum
PCC layer thickness W5 5 Vs
Unit weight 5 N5 [
Proisson's ratio 5 NS M5
Coefficient of thermal expansion W5 5 5
Thermal conductiity N5 N5 M5
Heat capadity N5 N5 M5
Layer/PCC Cement type N% NS M5
Cementitious material content 5 5
Water-to-cement ratic N5 5 5
Aggregate type N5 N5 M5
Reversible shrinkage N5 N5 MS
Curing method N% NS NS
28-day PCC modulus of rupture W5 A1 Wh

MODULE E

MATERIALS INFUTS | LESSON3

Lesson 3

The most sensitive factors are the thickness, coefficient of thermal expansion, and the modulus

of rupture.
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Recap of Sensitive Materials Inputs:
Rigid Pavements (CRCP)

Distress Type: Punchouts

* Modulus of Rupture

* Coefficient of Thermal Expansion

R

U S Departmast of Trsnszartat) MODULE E MATERIALS INPUTS | LESSON3

Foders! Highway Administration

These are the inputs that are most of interest to a pavement designer seeking input from a
materials engineer in his/her agency.
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CRCP Design Features @
* Foreach of the following items, indicate whetherit is a
material property (MP) or a design feature (DF)
a) Reinforcement depth
b) Aggregate type
c) Coefficient of thermal expansion
d) Zero stress temperature
e) Tied concreteshoulder
f} Indirect tensile strength
g) Crack load transfer (LTE)
h) Base/slab friction coefficient

What is your knowledge of CRCP inputs in the Pavemeant ME Design
software?

[
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Risk and Quality for PCC Construction
Properties in JPCP

Rigid Pavements

9-22

* FHWA PaveSpec 4.0 for Performance-Based Specifications of

— Incorporate Pavement ME Design distress models into JPCP
performance-related specifications, as has been done for
hot-mix asphalt performance-related specifications in the
MNational Cooperative Highway Research Program project

— Utilize closed form models for cracking, faulting, spalling,
and IRl to predict performance and adjust payment

-

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
Fadarald Highway Administration

This is a performance-based specification program that was developed with the Pavement ME

Design predictive models for concrete pavement distresses.

The following are the key project objectives for FHWA:

e Incorporating Mechanistic-Empirical Pavement Design Guide (MEPDG) models in jointed plain

concrete pavement (JPCP) performance-related specifications (PRS).

* Providing assistance to State highway agencies in developing and using Level 1 and Level 2

PRS.
* Developing a plan for State-wide implementation of PRS.
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Material Inputs for Pavement Rehabilitation @

US Departmaet of Tranupastatios: MODULE E MATERIALS INPUTS | LESSON3 85
Fodera! Highway Administration

This purpose of this screen is to transition to the section on material inputs for pavement
rehabilitation and concept of reliability.
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Pavement Rehabhilitation @
AC over AC
Flexible AC Overlay —
"
— AC aver |PCP
4
= ———
E
-
o = ser JPCP
=S =
= o
@
=
CRCP over IPCP
CRCP PCC Overlay
—
— CRCP over CRCP
———————

)
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Rehabilitated pavements can feature either asphalt concrete (AC) or Portland cement concrete
(PCC) overlays.
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Existing Flexible Pavement
Layer Properties

4 [ACLayes Properfes |

AL surface shobwave sbeorpivity 085
I ardudaren et apelad? Fialma:
Ensurance lenit (microsasn) [Z] w0
Layer interface [¥] Full Frction interfaoe
4 FAshakblitation

Conddion ol exmiing Nexible pavermani [] Rhabibation Levd: 1

Rehabilitation input bevel 1 - Flehabilitssion input bevel E
Milled thickress (in.) 0 Milled thickness (in.) o

Fatigue eracking (%) Fatigue cracking (%)

Laryer Hame Layer Typs Fut Depth ) Tzl rut depth (in ) 0

Diefuit asphat concrete | Alesdble (1)
Alb Honstabbzed .
Alb Subgrade (5)

a2 a8 o

[
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;;’-".C surface shortwave Ebﬂﬂrp’[wlh’ 0.85
|s endurance limit applied? False
Endurance limit [microstrain) 100
| awer interface [+/] Full Friction Intedface
4 Hehabhiliston
Condition of existing flexible pavement [+1 Rehabiliation Level:1
b o
Rehabilitation input level 1 - Rehabilitation input level 3 -
I Milled thickness (in.) 0 Milled thickness (in.) 0
Fatigue cracking (%) Fatigue cracking ()
Favement rating | Fair (3) B
Layer Mame Layer Type Rut Depth {in) Total rut depth {in.) 0
Default asphalt concrete LR ENR
| Default asphalt concrete | Flexdble (1) 0 — ™
. ent
Crushed stone Mon-stabilized ... 0 Good
| A-1b Mon-stabilized ... |0
Foor (4)
A-Th Su d 0
bgrade ) Very Poor (5)
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This presents the definition of existing asphalt material properties and conditions, as part of a
rehabilitated flexible pavement design.
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Existing Asphalt Concrete Layer Inputs:
Dynamic Modulus and Asphalt Binder

Dynamic Modulus

Based on Grodation inputs

Binder Properties

B Sugeiparos Pasivessce Giade

Ewrarnc moduiun inpet ol 3 - Viscomity Grade
e Pervent Frstrg Feseration Grsde
Ll Bandas bypar [ -
LEarah s k.
PP . & 1.AT WTE RS
Ho Ml mrva 51
Based on [E*| Lab Test Data
Cyram moseha npad kel |n - Iripson Dyrames Modius
Selext temper e ks | & = | Selent begeny levels & -
(S T T —)
L1 1 ] =
T o a 1 a
4 li] a b a
K] o i b a
] '] L] [ a
130 o a [ a

4]

WS Deparimeact of Transzaciation
Fadarald Highway Administration

MODULE E
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Dynamic Modulus
Based on Gradation Inputs

Dynamic modulus input level [:]

3/4inch sieve

3/8inch sieve 96
No 4 sieve ‘ 66
No.200 sieve ‘ 5.1

Based on [E*[ Lab Test Data

Dynamic modulus input level [:] [ Import Dynamic Modulus ]

Select temperature levels [:] Select frequency levels

Frequency (Hz) —> | |
— o 1 10 25
14 0 0 0 0
40 lo 0 0 0
70 o 0 0 0
100 0 0 0 0
130 0 0 o 0
L . o
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(@ Superpave Performance Grade

(™) Viscosity Grade
(7 Penetration Grade
Binder type: RE-77
A 11787 VTS -3.981
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Some laboratory tests (from AASHTO) allow for taking cores from the existing pavement and run
an extraction to get the binder grade of the existing asphalt layer.
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Existing JPCP Layer Properties @

4 JPCP Rehabilitation
Slabs distressed/replaced before restoration (%)
Slabs repairedreplaced after restoration (%)

Y
oo

[
J Transgortation MODULE E MATERIALS INFUTS | LESSON3

Ut 2
Administration

UE Deparirsart of
Fadarald Highway
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4 JPCP Rehahlizhon
Slabs distressed/replaced before restoration (56)
Slabs repaired/replaced after restoration (56)

L%

s Y |
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In theory, you’d want the amount before. The amount after should be 0% so that all damage is
fixed prior to the placement of an overlay. However, it may depend on constructability issues
and the maintenance budget.
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[

U S Degartmast of Trensparistion

Existing Pavement Data Sources
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Pavement
Management
Database

Image Interpretation

Inventory from Workstation
PAVER (.i70) Assign iI:rInDages to Right of
_—

way Image

I —

Images and
GPS Data

i

XML Distress Data to i

Lesson 3

PAVER €— =
(Import Tool) e
Validation
rules |
http://www.paver.colostate.edu/
Standard PCI Custom PCl
Rating Scule 100 Rating Scale
Pavement —
Dustress
Type 83
C d ez ® Light Green
ondition ﬂ
Yellow
Ind ° -
ey &
naex oumiy |EEED| PO b Light Red
40
ﬁ Medium Red
25
Distress Dark Red
Seventy 10
Dark Grey

http://www.paverteam.com/Project%20Management/Paverteam/Features.htm
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There are many potential sources of data for existing pavements when considering a
rehabilitation design. Here are two examples of potential sources of data:

One source is the data provided in pavement management database (such as the PaveView
used by New Jersey DOT). Note that it is critical for you to be aware that there should be
material quality checks performed on the information included in pavement management
databases.

Another source is the data provided by doing pavement condition index (such as the MicroPaver
developed by USACE and used by many county and perhaps some State DOT transportation
officials).
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Overarching Sample Pavement Projects
Pavement ME Design

Rehab_HMA over JPCP_Indiana

o A Luper 3§ Pamaen Ligwr

. PCC
Thckoess (m |
Und woght ipcn
Pazsor's rate
* Thermd
POC conticiant of derral mgarsion (e Ae deg F x 1075
POC herral conducroty (ETUbr A dep F)
POC heat copsiry (BTUR-Geg F)
* Mix
Cerertyre
Corerason mameal conteee (192"
\Water i comert et
ApresIe i
POC serc-sreas Seonpersture (deg F)
hregz sherkage lymrcader)
Raseositie chrckags %)
Tirwe = dewelcp S0 of JSvate shrvdkage (sepa)
Carvg et

.-

Streagt
FOC svongth ond roduha

ot of Tranzpartation

v Administration

L S |

Slabs &;uesséd;'redacod before restoration (%)
Slabs repaired'replaced after restocation (%)
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Rehab_HMA over JPCP_Indiana

Lf} Add Layer ﬁ Remuove Layer

Cllck heretnedlt L.aer'l Flexlble Defaultashalt{

PCC

Thickness (in.)

LJnit weight (pcf)

Poizson's ratio

Thermal

PCC coefficient of thermal expansion (in/in./deg F x 10°-8)
PCC thermal conductivity (BTU/hr-ft-deg F)

PCC heat capacity (ETU/Ib-deg F)

Mix

Cement type

Cementitious material content (Ibhyd™3)

\Wiater to cement ratio

Aggregate type

PCC zero-stress temperature (deg F)

lJltimate shrinkage (microstrain)

Reversible shrinkage (%)

Time to develop 50% of ultimate shrinkage (days)
Curing method

Strength

PCC strength and modulus

42
1

4 EEE
=~ ]

4.84

1.25
0.28

Type | (1)

510

0.4

Limestone (1)

[ cCalculated

[] 520.2 (calculated)
50

35

Curing Compound

Level-3 Rupture(700)

Slabrs distressed/replaced bef{:re restoration (%)
Slabs repairedireplaced after restoration (34)
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Overarching Sample Pavement Project
Pavement ME Design

Rehab_HMA over HMA_Washington
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Rehab_HMA over HMA_Washington

4 Asphaltlaver . . |
Thickness (in.) 9
4 Mixture Volumetrics
Lnit weight (pcf) 148
"‘“—'-L———‘— e Effective binder content (3% 11
S CIick here to eait Laver 2 Flexible . Defa - Air voids (%) (] 105 lvarming: Vaive is greater than recommeanded maximum.{ 10)
T g #-'# b T g [» Poisson's ratio 0.35
p~ b i | 4 Mechanical Properties
Dynamic modulus Input level-3
4 Select HMA Estar predictive model Use Viscosity based model (nationally calibrated).
Using G based model (not nationslly calibrated) False
Reference temperaturs (deg F) 70
Asphalt binder SuperPave:58-22
Indirect tensile strength at 14 deg F (psi) 34151
3 L e Creep compliance (1/psi) Input level:3
e —— = == S St | 4 Thermal
plilickhereiocdit Layer > Subgrade o1 Vo b he-ft-deq E) 71 067
: Dynamic modulus input level Rehabilitation input level 1 -
Gradation Percent Passing ™ Milled thickness (in.) 2 e
3/4-inch sieve 95 Eati (ing (%)
igue cracki A
3/Binch sieve 56 < <!
No 4 sieve 65 Pavement rating [Gnnd 2) v]
Mo 200 sieve 8.1 Total rut degth in.) 0
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Red Flag: What About Your State? @

* In designing a rehabilitation, where would you look to find
guality data on an existing pavement’s materials and
structural condition?

LN ] T o MG
P AT | II Lok |an Fov<acy
L ~t sl gy’
™ S = |64}
= AK I'. N _._T}: }L-"-Lil'e:v':."‘-.
=T 2 S SN T T
. .
_ W A% r' \“'_‘.-"I

L

@ Let's discuss some ideas and answer some guestions.
[
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Fadarald Highway Administration
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[

105 Deparirsaet of Toanegarialion
Fadarald Highway Administration

Assessing Performance

RIGID PAVEMENT

Cumulative
damage
& Faulting
Punchouts
hean LTE
Transverse
Jaint
Bottom-up Top-down
transverse transversa
cracking cracking

FLEXIBLE PAVEMENT
Longitudinal
cracking
Alligator
cracking
IRI
Transverse
cracking
Rutting

R = P [Distress over Design Period < Critical Distress Level]

| MODULE E | MATERIALS INFUTS | LESSON3

Design performance criteria and design reliability greatly affect the determination of an
adequately-performing pavement.

Reliability is the probability that the predicted performance indicator of the trial design will not
exceed the design criteria within the design-analysis period. The design criteria and design
reliability levels could be selected in balance with each other. A low level of distress should not
be selected in conjunction with a high level of reliability because this may make it impossible or
costly to obtain an adequate design. A designer may specify the desired level of reliability for
each distress type and smoothness.
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Shout It Out: Reliability Definitions @
* Definition as applied to engineering design

* Definition as applied to MEPDG

Why are there differences in the previous reliability definitions as
compared to Pavement ME Design?

?

U S.Departmant of Trsnesartatien MODULE E MATERIALS INPUTS | LESSON3
Foders! Highway Administration
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Design Reliability

Functional Classification

Level of Reliability (%)

-

Urban Rural
Interstate/Freeways a5 a5
Principal Arterials 20 85
Collectors 80 75
Local 75 0

Conservative Design

The greater the consequences of premature failure, the higher the design reliability.

High Reliability HI::j Low Distress Limits

105 Departrsact of Toanegarialion MATERIALS INFUTS LESSON 3
Fadarald Highway Administration

Reliability has been incorporated in the Pavement ME Design in a consistent and uniform
fashion for all pavement types. A designer may specify the desired level of reliability for each
distress type and smoothness. The level of design reliability could be based on the general
consequence of reaching the terminal condition earlier than the design life. Design reliability
levels selected may vary by distress type and IRl or may remain constant for each. Reliability
could be selected based on the type of distress and the standard error of the distress prediction
model. In all cases, engineering judgment and experience should be used when selecting a
particular reliability value. Since reliability can significantly impact the pavement predictions, it

is advisable that all stakeholders are consulted before selecting a value.
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Exercise 3: Variability in
Materials/Construction Affecting Reliability

* Which items are more important?

+ List some consequences and how they would enter into a
reliability decision

%) Take three minutes to name three aspects of variability in materials
£ 2 or construction that can affect the designed pavement reliability.

[

05 Dopartrsast of Tranuzietation MODULE E MATERIALS INFUTS | LESSON3

Fadarald Highway Administration
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Learning Outcomes Review @

You are now able to:

* |dentify the properties of unbound materials for use in pavement structural
design

+  Determine the properties of untreated granular layers [subgrade, subbase and
base)

»  Determine the properties of treated/stabilized base and subbase layers

* |dentify the properties required for different input levels for asphalt layers
* |dentify the properties required for different input levels for concrete layers
*  Distinguish differing inputs and features of CRCP versus JIPCP

«  Define the materials properties for assessing the existing pavement as part of
a rehabilitated pavement design

*  Define design reliability

*  Mame five aspects of variability in the factors that affect pavement
PEI‘I‘I:I'I‘I'I‘IEI'ICE

[

05 Dopartrsast of Tranuzietation MODULE E MATERIALS INFUTS | LESSON3
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Highway Materials Engineering Course

Lesson 4: Flexible Pavement Design

MODULE

Mechanistic Empirical Pavement
e Design Guide (MEPDG)

S Daps " ANAPoe AL
Federal Highway Administration
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Learning Outcomes @

By the end of this lesson, you will be able to:
* Perform an evaluation of completed Pavement ME Design
new flexible pavement designs

* Perform an evaluation of completed Pavement ME Design
rehabilitation flexible pavement designs

@ This lesson will take approximately 2 hours to complete.

1S, Departmsast of Tranugostation FLEXIBLE FPAVEMENT DESIGN | LESSON 4
Fadarad Highway Administrazion

The Pavement ME Design has dual purposes, both as a pavement analysis tool to be used in
academic exercises and as a pavement design tool for practitioners. Input for pavement analysis
is project-specific, while inputs for pavement design would be primarily taken from the values
from mix designs and what DOTs specify in their specifications. This is because when agencies
design a pavement two years prior to construction, an agency doesn’t really don't know who
the contractor is that will get the job and what specific mix design that the contractor will use in
the JMF. Therefore, the inputs should be representative samples of an agency’s historic sample
data that will reflect the strength of the DOT’s specification.
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Pavement ME Design: Interpreting Results

Distress @ Specified ”
H‘ 3 : hllw
Target Fredicted  Target  Achieved

Tammimal IR1 {inSmik} 160,00 181 43 95 00 504 Fal
Parmiarsant cedommaton - fatal pavermssd (in | 040 1.24 5500 1304 Fanl
AL boltorn-up faligue cracking {percant) 1000 44,04 500 16.70 Fanl
AL thermal cracking (fimikp 500,00 .5 2500 10000 Pass
A top-down Tabgue cracking {tmila) SO, DD 220,92 55 00 7609 Fanl
Permansnl cedormetcn - AC only (inc) 025 1.18 B5.00 B21 Fanl

Predicted Total Rutting {Permanent Deformation)
e

Performance Verification P 154
« JE | r " . 5 p|a =12 e
Predicted distre i d criteria 3 | et e -
a [ o.74
'3 08 | e g GpaciadR s r
& T m———
gokl --- papmaibiny__ o peee——"""
g a4 _.-""-_.-'_"'
02 { e
Final Design Modify Design o B
o a 4 [ L] 1] 12 u (L] Ls N

Bavamant Age [ysars]

FLEXIBLE PAVEMENT DESIGM | LESSON 4
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Review of Lesson 3 Asphalt Inputs
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FLEXIBLE PAVEMENT DESIGN

LESSOMN 4

In this screen, the asphalt inputs required in the Pavement ME Design software are reviewed.
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Review of Lesson 3 Asphalt Inputs @
« Asphalt binder properties
Level 3 Level1and 2
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Fadarad Highway Administrazion

In this screen, the binder inputs required in the Pavement ME Design software are reviewed.
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Materials Catalogs: How About Your State? @

* Is your State collecting any flexible input data for use with
Pavement ME Design?

* Does your State have a materials input catalog that it is
actively using?

* |If your State is not already collecting data for a materials input
catalog, where do you think would be a good place to start?

Think about what types, if any, of materials catalogs or inputs are
generated in your State for Pavement ME Design.

u?c‘,,.,,m.., of Trenspurtatics MODULE E FLEXIBLE PAVEMENT DESIGN | LESSONA4

Foders! Highway Administration
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RRD 372 Sensitivity Tables (Flexible Pavements)

HMA Pavement Inputs

Level of Sensitivity for Flexible Pavement Outputs

Grou Parameters HMA Total | Alligator | Longitudinal | Thermal
P Rutting | Rutting | Cracking Cracking Cracking
General Traffic opening month NS NS NS NS NS
Volume VS VS VS VS NS
Traffic
Speed VS VS S S NS
Location VS S S S S
Climate Depth to groundwater
NS S NS NS NS
table
Layer/General | SUTTace shortwave VS VS s VS NS
absorptivity
Thickness VS VS VS S NS
Dynamic modulus S S S S NS
Binder grade/stiffness VS S S S S
Poisson’s ratio NS NS NS NS NS
Thermal conductivity NS NS NS NS S
Layer/HMA
Heat capacity NS NS NS NS S
Creep compliance NS NS NS NS VS
Tensile strength at 14°C NS NS NS NS VS
A t fficient of
ggregate coe |c_|en o NS NS NS NS e
thermal contraction
Thickness S S S S NS
Resilient modulus S S S VS NS
Layer/Base
(Subbase) Poisson’s ratio NS NS NS NS NS
Soil-water characteristic
NS NS NS NS NS
curve
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Permeability NS NS NS NS NS
Compacted/uncompacted NS NS NS NS NS
Resilient modulus NS VS S S NS
Poission’s ratio NS NS NS NS NS
Soil-water characteristic
Layer/Subgrade S S S S NS
curve
Permeability NS NS NS NS NS
Compacted/uncompacted NS NS NS NS NS
Milled AC thickness NS NS NS NS NS
Ex.ls.tlng AC thickness (after S S S S NS
milling)
HMA/HMA
(Rehab) Existing AC binder grade S S S S NS
Pavement rating VS S VS VS NS
Total rutting VS VS NS NS NS
Existing PCC modulus of NS NS NS NS NS
rupture
Percent slaps
. NS NS NS NS NS
HMA/IPCP cracked/repaired
(Rehab) Monthly modulus of
. NS NS NS NS NS
subgrade reaction
Month for measuring
NS NS NS NS NS
modulus
Very Sensitive Sensitive

E4-8




Module E: Mechanistic Empirical Pavement Design Guide

Slide 7

HMA Pavement Inputs

Sensitivity of Flexible Pavement Inputs

Level of Sensitivity for Flexible
Pavement Outputs

Langitud-

Group Parameters imal Crack.
General Traffic opening month
Trafiic Volume
Speed
Climate Lesaticn
Thickness
Cynamic modulus
Layer/HMA Binder grade/stiffness
Creep compliance M5 M5 NS NS
Tensile strength at 14°C NS NS NS NS -

)

15 Departrsact of Toanuegasialion

Fadarad Highway Administrazion

The information is needed to consider the changes to materials inputs.

MODULE E

FLEXIBLE PAVEMENT DESIGN

LESSOMN 4

Lesson 4
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Sensitivity of Flexible Pavement Inputs

Level of Sensitivity for Flexible

(]

15 Departrsact of Toanuegasialion

Fadarad Highway Administrazion

MODULE E

FLEXIBLE PAVEMENT DESIGN

HMA Pavement Inputs
Pavement Outputs
&ro Param HMA | Total | Alligater | Longitud- Thermal
1P =ters Rut, | Rut. | Crack. | inalCrack, | Crack.
Thickness 5 5 5 5 NS
' fsub b Resilient modulus 5 5 5 NS
Resilient modulus ns E s B NS
T L
Layer/Subgrade Soll-water characterlstic . 5 - - -+
cune
Existing AC I.:h-ltkI'IE'Si (after - - - - =
milling)
HMASHMA [Rehab) Existing AC binder grade 5 5 5 5 M5
Pavement rating 5 M5
Total rutting NS NS M5

LESSOMN 4

It should be noted that there are many important parameters that are important to HMA over
JPCP rehab designs but did not show sensitivity because of current limitations in the Pavement

ME Design models, such as:

e Existing PCC modulus of rupture,
e Percent slaps cracked/repaired,
e Monthly modulus of subgrade reaction, and

e Month for measuring modulus

The same point applies to Milled AC Thickness, in HMA over HMA rehab designs.
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Suggested Alterations to Pavement Design (JPCP)

Distress & IRI

Modifications to Minimize or Eliminate

Joint Crack Width

Build JPCP to set at lower temperature (cool PCC, place cooler
temperatures).

Reduce drying shrinkage of PCC (increase aggregate size,
decrease w/c ratio, decrease cement content).

Decrease joint spacing.

Reduce PCC coefficient of thermal expansion.

Joint LTE

Use mechanical load transfer devices (dowels).
Increase diameter of dowels.

Reduce joint crack width (see joint crack width
recommendations).

Increase aggregate size.

Joint Faulting

Increase slab thickness.

Reduce joint width over analysis period.

Increase erosion resistance of base (specific recommendations
for each type of base).

Minimize permanent curl/warp through curing procedures that
eliminate built-in temperature gradient.

PCC tied shoulder.

Widened slab (by 1 to 2 ft.).

Slab Cracking

Increase slab thickness.

Increase PCC strength.

Minimize permanent curl/warp through curing procedures that
eliminate built-in temperature gradient.

PCC tied shoulder (separate placement or monolithic placement
better).

Widened slab (1 to 2 ft.).

Use PCC with lower coefficient of thermal expansion.

IRIJPCP

Require more stringent smoothness criteria and greater
incentives.
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Guidance for Modifying HMA Trial Designs
to Satisfy Performance Criteria

Distress B IR Design Feature Revisions to Minimize or Eliminate Distrass

* Increase thickness of HMA layers

*  For HMA layers thicker than 5 inches, increase dynamic modulus
*  For HMA layers thinner than 3 inches, raduce dynamic modulus

Alligator

Cracking *  Ravise mixture design of HMA base layer (increase percant crushed aggregate, use

[Bottom manufactured fines, increase asphalt content, use a harder asphalt but ensure that the same

Inftiated) parcent compaction lavel is achioved along the readway, use 3 polymer medified asphalt, etc.)

* Increase density, reduce airvoids of HMA base layer

* Increase resilient modulus of aggregate base (increase density, reduce plasticity, reduca
amount of fines, etc.}

* Increase the thickness of the HMA layers

Thermal |° Usesofter asphaltinthe surface layer
Transwerse |* Reducethe creep compliance of the HMA surface mixture
Cracking  |.  jncrease the indirect tensile strength of the HMA surface mixture

* Increase the asphalt content of the surface mixture

(]

L% Dupartvaiar o Teanaportation MODULE E FLEXIBLE FPAVEMENT DESIGN | LESSON 4
Fadarad Highway Administrazion

This shows that for alligator (traditional fatigue) cracking or thermal cracking, there are at least
four alterations that you can make to decrease the amount of each of these distresses.

For alligator cracking, there are different recommendations regarding dynamic modulus
(increasing versus decreasing it) based on the total HMA thickness (in terms of total asphalt
thickness). For example, a designer would want the thin asphalt layers to have more flex in
them (rather than behave more brittle).
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Distress & IRI

Rutting in
HMA

Guidance for Modifying HMA Trial Designs
to Satisfy Performance Criteria

Design Feature Revisions to Minimize or Eliminate Distress

Increase the dynamle maduluz of the HMA layers

Use a polymer-modified asphaltin the layers near the surface
Increase the amount of crushed aggregate

Increase the amount of manufactured fines inthe HMA mixtures
Reduce the asphalt content in the HMA layers

Rutting in
Unbound |*
Layers and
Subgrade |

Increase the resilient modulus of the aggregate base; increase the density of
the aggregate base

Stahbilize the upper foundation layer for weak, frost susceptible or swelling
soils; use thicker granular layers

Place a layer of select embankment material with adeguate compaction
Increase the HMA thickness

(]

05 Departrsact of Tranuepa:

tn MODULE E FLEXIBLE FPAVEMENT DESIGN | LESSON 4
Fadarad Highway Administrazion

Lesson 4

This shows that for rutting in the asphalt surface or total rutting in a flexible (new or overlay)
pavement, there are at least four alterations that you can make to decrease the amount of each

of these distresses.
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Guidance for Modifying HMA Trial Designs
to Satisfy Performance Criteria

Distress & IRI Design Feature Revisions to Minimize or Eliminate Distress

= Require more stringent smoothness criteria and greater incentives (building the
pavement smoother at the beginning)

IRIHMA  |* Improve the foundation; use thicker layers of non-frost susceptible materials
= Stabilize any expansive soils
* Place subsurface drainage system to remowe ground water

Longitudinal |MOTE: Reduce the dynamic modulus of the HMA surface course
Fatigue * Increase HMA thickness
Cracking |« Use softer asphalt in the surface layer

(surface |, ey polymer-modified asphalt in the surface layer; the DARWIR-ME does not
Initiated) adequately address the benefit of PMA mixtures

MOTE: It is recommended that the amount of reflection cracks not be used as a design
Reflection | Ccriterion until the prediction equation has been calibrated

Cracking |* Increase HMA overlay thickness
= Increase the modulus of the HMA overlay

(]

L% Dupartvaiar o Teanaportation MODULE E FLEXIBLE FPAVEMENT DESIGN | LESSON 4
Fadarad Highway Administrazion

This shows that for IRI, longitudinal cracking, or reflection cracking in a flexible (new or overlay)
pavement, there are at least two alterations that you can make to (a) improve rideability or (b)
decrease the amount of each of these distresses.
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Relationship Between Design and
Constructability

» After all these years, engineering judgment still rated top notch
* Far example, an asphalt layer must be thick enough to act as a unit
— Thickness ranges from:

* A minimum of two times the Maximum Aggregate Size of
HMA mixture used to a maximum of 3 to 4 times the
Maximum Aggregate Size of HMA mixture used

* Challenge: Designs are often produced 2 to 3 years before
construction
— Potential solution to help: create a materials catalog for the
most common mixes, either Statewide or regionally within a
State

— Catalog will provide inputs for designs, based on previously
produced asphalt mixtures

FLEXIBLE PAVEMENT DESIGM | LESSON 4

15 Departrsact of Toanuegasialion

Fadarad Highway Administrazion

Information needed to consider the changes to materials inputs:

Lesson 4

Design versus constructability: If you design without considering carefully whether the design is

viable for the construction conditions, then its service life is doomed from the start, e.g.,

engineering judgment is as important as it ever was and the “push button, give me an answer”
nature of the Pavement ME Design still requires the engineer to use good engineering common
sense. Coordination with the construction engineers is key.

The size of the State will influence the generation of a materials catalog, Statewide versus
regionally. It also depends on the number of quarries and PG suppliers in the State.
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Slide 13

Relationship Between Design and Life
Cycle Cost Analysis (LCCA)

* Pavement ME Design does not inherently consider LCCA with
respect to a defined data driven process

— Designs not only need to be built, but also need to last

* (Challenge: Optimizing the most economical pavement cross-
section?

— For flexible pavements, must run a number of trials to
evaluate this scenario (using batch mode can improve run
time)

— Rigid pavement (jointed plain concrete pavement, IPCP)
does have a thickness optimization capability in Pavement
ME Design

L% Dupartvaiar o Teanaportation FLEXIBLE FPAVEMENT DESIGN | LESSON 4
Fadarad Highway Administrazion

Hundreds of trials would have to be run for each combination of thickness and material
properties to try and determine the most economical pavement cross-section for a given
location. However, it is critical that engineering judgment be used to perform reality checks on
designs in that they are consistent with constructability requirements.
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Material Quality and Performance @

Mixture designed according to specification

A
Poor construction quality

Material performance below satisfactory level

Use Pavement ME Design as a forensic tool

[
._ﬁ.,,...,...,. o Tewpetathens MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4

Fadarad Highway Administrazion

Poor construction quality results in greater variability in material properties and road
performance.

Variability in mix properties like E* exist in real life, but in Pavement ME Design, we can only
model it by creating multiple runs changing one parameter at a time incrementally and noting
the impacts on the distress predictions on the performance criteria.
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Participant Workbook

Overarching Projects @

New Flexible Pavement Desrirgn

* Florida (New Flexible) — High Truck Volume

T VA Tigh trafTie__Poagect |

Conard Crtese el
Cangn tpe ’_N:-h— (]

.

Foeremipoe | Pl Favamens Tarmrad 1 4 Sria) %0
Dewpebolyemsi 82 A hmdowm it cckrg i) {558
Bese comsvactor: | Ockbe TIAM | e Mg saeing percent) o
Paveawan connvaion Hover = | 2014 2] [ twrna aaciang fuimie) 0
Tre#e coemrg I [ F TT IR PN p——— a4
Pernareet dokmmaton < A ory ) (02

EIE S 20 3 3

4in.
4in.
8in.

Semi-infinite

MODULE E FLEXIBLE PAVEMENT DESIGN | LESSONA4
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* Florida (New Flexible) — High Truck Volume

New HMA _high traffic_..:Project | - X
General Information Performance Criteria Limit Reliability
Design type: | New Pavemert Initial IR1 n./mile) 63
Pavementtype:  [Flexble Pavement =] | Temminal IRI (in./mile) 160 95
Design life (years): [2{l v] AL top-down fatigue cracking {ft/mile) 2000 55
Base construction: [Odc'b{ v] [2014 v] AL bottom-up fatigue cracking (percent) 10 g5
Pavement Dnrrstruc:tinn{ Mover - l ’21]14 v] AT thermal cracking ft/mile) 500 g5
Traffic opening: [N‘Wa"' "] [2'[”4 "] Pemanent deformation - total pavement {in.) 04 95

Pemanent defarmation - AC anhy {in) 0.25 95

W Click here to edit Layer 1 Flexible : Default asphalt concrete _ = 4 H
T e SRy W S R, 1 In.

Click here to edit Layer 2 Flexible : Default asphalt concrete : .
i AV e SR RS Dl 1 4 in.
'_. ick her to edit Layer 3 Non-stabilized Base : A-1-b_____ [SESR Rt
Spl e e £ faat =y ;
w P S rir e o o . e ~ 1 gl s & 8 In'

CIheretitLa er4Surade:A-6 Rl A Semi-infinite

3 _ \; S .’- "~ » ‘
A
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs,
including critical analysis of pavement performance and suggested design alterations.

The summary of materials input data (and other design input data) are presented following this
slide. This screen reviews with participants the pavement structure and performance criteria
used for an interstate (based on the recommended values from the MEPDG Manual of Practice),
design life, and material layers for the Florida sample section.

The DOT departmental policy should be used to select the performance criteria, as opposed to
being limited to a very strict pre-set of values.

For example, Indiana adopted a maximum IRI of 160 inch/mile because it is the State DOT
policy. If a higher IRl value than this were permitted, then the pavement condition would be
flagged as having potential safety issues. Some State DOTs have performance criteria for IRl and
other distresses based on other reasons. Overall, the idea is that there is no general rule toward
applying the performance criteria threshold.
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AC Inputs @
Layer 1 Asphak Concrets: Defaull asphall concrts|
B0l | =
4 Asphall Layer
Thickness (in.) 4
a Mixture Volumsines
Liruit wisight (pef) [¥] 150
EBgctive binder content (%) 16
At woids (%) =7
I Poisson’s ratio 0.35
4 Mechanical Properbes
Chymamic modulus Inpud level -3
I+ Sedect HMA Estar prediciive model Use Viscosity based moded (nationally calibrated),
Flelesencs lemparature (dag F) ] 7o
Asphalt binder [] superfave:70-22
Imdlirescd terile strength a2 14 deg F (psi) [#] 37574
Creep compliance [ 1/psi) Inpad leved 3
4 Thenmal
Thermal conductvity (ETUkr-B-dag F) [¥] o&7
Heat capacity (BTUMb-deg F) 023
[+ Thermal cortraction
A

5. Depuartrreast o T A MODULE E FLEXIBLE PAVEMEMNT DESIGM | LESSON 4

Festesd Highway Adm
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Layer 1 Asphalt Concrete:Default asphalt concrete|

=

F |

F |

[»

Asphalt Layer

Thickness (in.)

Mixture Volumeincs

Unut weight (pcf)

Effective binder content (32)

Air voids (32)

FPoisson's ratio

Mechanical Properhes

Chynamic modulus

Select HMA Estar predictive model
Feference temperature (deg F)
Asphalt binder

Indirect tensile strength at 14 deg F (ps1)
Creep compliance (1/psi)

Thermal

Thermal conductivity (BTU/hr-fi-deg F)
Heat capacity (ETU/Ib-deg F)

Thermal contraction

[+] 4

150

11.6

7
0.35

Input level:3

Use Viscosity based model (nationally calibrated).
70

SuperPave: 70-22

375.74

Input level:3

0.67
0.23
1.301E-05 (calculated)
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs,
including critical analysis of pavement performance and suggested design alterations.

This screen reviews the material properties for the asphalt surface layer for the Florida sample
section.

It should be noted that in Florida, most interstates would be required to have an open-graded
friction course always placed as the surface layer. However, the ME Design software is not yet
calibrated to fully predict for the majority of mixture types used for the top layer (commonly
referred to as wearing courses) in flexible pavements. While the Pavement ME Design software
was calibrated using a range of dense-graded surface mixes, it is not yet calibrated to fully
reflect the performance for certain wearing courses such as stone matrix asphalt (SMA) and
open-graded friction courses (OGFC).

This should be a cautionary note to materials engineers and designers, a challenge of reflecting
construction reality within the context of design modeling.
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AC Properties - Mechanical Responses @
Layer 1 Asphak Concrete: Defauk asphat concrete|
il =
| 4 Asphalt Layer
7 Ajcins ) Creep compliance level 3 -

Low Temp Mid Temp Hgh Temp

Loadrg
Gradation || Tmeisec)  (4degF)  (14degF)  (32degF)

RO : 7:0sec- s sorseze7 7esxer |

A (Vochsed| 2 A0SEQ 67uewE0 ssuasse |-

s esmoE sy s | B
10 5.020168E-.. | 9.474569E-07 | 1.702982E-...
D S4STIME. 105G2MEGS 216THZE.
8 GISEVIE. 13MSMEDS | 25T7SHIE.

~ 0 e7221ME 1547298606 367SIE.

FLEXIBLE PAVEMENT DESIGN | LESSONA4
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Layer 1 Asphalt Concrete:Default asphalt concretel

y calibrated)]

p Creep compliance level | 3 - |
Loading Low Temp Mid Temp High Temp
| Time(sec) (4deg F) (14degF)  (32degF)
yyrmrpen FIN 3.749098E .. |5.801562E-07 | 7.8833E07
f: 2/%inch sied | 2 4.0935E07 |6.724635E-07 | 9.940385E-...
No 4 sieve ||2 4 597802E-... |8.17402E07 |1.350563E-...
4 No 200 sieve | 10 5.020168E-... |9.474565E-07 | 1.702982E-. ..
20 5.481334E-... | 1.098204E-06 | 2.147362E-...
50 6.156611E-... | 1.334904E-06 | 2.917541E-...
P 6.722174E-... | 1.547298E-06 | 3.678851E-...
Thermal conductivi
Heat capacity (BETL/b-deg F) 0.23
= Thermal contraction 1.301E-05 {calculated)
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs,
including critical analysis of pavement performance and suggested design alterations.

This screen reviews with participants the material properties for the asphalt surface layer for
the Florida sample section—the Level 3 inputs properties for low-temperature performance and
dynamic modulus, volumetric properties, etc.
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Unbound Material Inputs

Layer 3 Mon-gtabiized Base:A-1b
AR l=
4 Unbound |
Layer thickness (in.)
Poisson's ratio
Coefficient of lateral earth pressure (k)
4 Moduhs
Resilient modulus (psi)
4 Sieve
Gradation & other engineering properties
4 ldentifiers
Dizplay nameidentifier

[

£s
[Z] 035
¥ 05
[] 38000

Alb

Alb

TIPS S——— MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4

Fadarad Highway Administrazion

E4-27

Lesson 4



Lesson 4 Participant Workbook

Layer 3 Non-stabilized Base:A-1b
M=
4 lUnbound ..
Layer thickness (in.) < | 8
Poisson's ratio < | 0.35
Coefficient of lateral earth pressure (kQ) < | 0.5
4 Modulus
Resilient modulus (ps1) « | 38000
4 Sieve
(Gradation & other engineering properties + | A-1b
4 |dentrhers
Dhsplay nameidentifier A-1b
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs,
including critical analysis of pavement performance and suggested design alterations.

This screen reviews the material properties for the unstabilized aggregate base layer for the
Florida sample section.

It should be noted that in Florida, oftentimes the DOT uses a limerock base, which has high
strength and can account for the thinner asphalt sections. This is part of how FDOT optimizes
costs in their flexible pavement designs.
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Subgrade Inputs @

Layer 4 Subgrade A6
e
# Unbound i
Layer thickness (in.) [ semi-irfinite
Peoisson's ratio 0.35
Coefficient of lateral earth pressure (k) [] 05
4 Modulus
Resilient modulus (psi) 14000
4 Sieve
Gradation & cther engineering properties A6
2 |dentihers
Display name/identifier A6

[
.ﬂ:..u--- art o Tranmzarrialion MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4

Fadarad Highway Administrazion
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Layer 4 Subgrade:A-6

.......................................................................

Layer thickness (in.) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (kD) 0.5
4 Modulus
Fesilient modulus (psi) < | 14000
4 Sieve
(aradation & other engineering properties + | A
4 |dentrhers
Chsplay name/identifier A-b

4%
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs,
including critical analysis of pavement performance and suggested design alterations.

This screen reviews the material properties for the subgrade layer for the Florida sample
section.

E4-32



Module E: Mechanistic Empirical Pavement Design Guide Lesson 4

Slide 20

Traffic and Climate Inputs @
lewim A e
S Prcn - el —
)2l | =
8 Pt s | 4 Climate Station
Ew = Longitusde (decimal degrees) £1.325
e et Latitude [decimals degrees) 28434
28 Excal Ctput Fapcs Viekich Elevation (ft) 50
e ot Sy [vee]  [Depth of water table (ft) l Annual(1) |
-8 Tade a]  Climate station ORLANDO. FL (12815)
i3 ME Damign Cslibestion Factom -
Clpax
e A ek of! [ _
L =T
et Semcral @ Arrcal =
Oasa B T4 -
Olemn § L Plarieel Wb Tobie: -
Oaga 10 [ Lot B =
gy 11 2% =
Oaca 12 1 -
Clees 1] i &
Tolal o -
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ME

4 AADTT
raffic_Florida
A .
| A=
----- . AL Layer Properties
o Pevement Stucture 4 Climate Staion
-3 Project Specific Calibration Factors ] ]

g Sensitivity Longitude (decimal degrees) -81.325

PO o Feport Latitude (decimals degrees) 28.434

B Excel Output Report Vehiclq Elevation (ft) [+] 90

----- "i| Multiple Project Summany
_____ 4 Batch Run Viehig Diepth of water table (ft) [+] Annual(1)
&3 Tools (sl Climate station ORLANDO. FL {(12815)
-4 ME Design Calibration Factors
Class
Class 6 6.61 -
Class 7 0.43 .ﬁ:verage depth of water table: -
':_:' Seasonal |:¢::| Annual
Class 8 74 -
Clazs 5 G044 - Water Table -
355 Period Depth )

Class 10 0 1 -
Class 11 26 -
Class 12 1 -
Class 13 0 -
Total 100 -
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Perform an evaluation of completed Pavement ME Design new flexible pavement designs,
including critical analysis of pavement performance and suggested design alterations.
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Software Demonstration for Flexible
Pavement

AASHTOWare

Paveme

ME Design

Start Demonstration

New Flexible Pavement Example

FLEXIBLE PAVEMENT DESIGN | LESSON4
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AASHTOWare

Pvi ' Pavemesp

ME Design

Start Demonstration

New Flexible Pavement Example
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AASHTOWare

Paveme

ME Design

Detsvase Entenpase Logn Rout Paverent ME Design

ALEHTOmere® Nechanats Evonical Paverrert Design
Coppaght AASHTOWe® 2013

oo Liserse stabes Sisedud (Expire 2t sune 23 2018)
Password Varsion 200 Balz 2019 Dade: 01252014
Recer ME Desagn 1 default screee posmon

Open NE Demgn with datsbase cosrectioe

Instancs

Cancel

FLEXIBLE PAVEMENT DESIGN | LESSON4

U S Departmaet of Transpartalics

Foders! Highway Administration

Select the AASHTO Ware Pavement ME Design icon to launch the software. Select OK.
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Slide 23

el Vimsion 20 B 2579 New ILGSIIN

Select New.

This window will appear after the new icon is clicked on.
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Slide 24

Select Design Type.
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Slide 25

Select New Pavement.
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Slide 26

Select Pavement Type.
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Slide 27

Select Flexible Pavement.
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Slide 28

ot DA e oo onad
Svvn o e v F )
bt —
A . g &0 gy
N Sty et

Select Design Life (Years).
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Slide 29

Towrd N 4

D e s Rl
A bran g ey peret
T
e
Pamsrare stsmger v

L | St S (ol g i

SEARIEEACARE IR ER AT EYNIRIEY

Select 20 years from the Design Life field.
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[ Fersmacen tne =3
_u

Towrd N 4

A B e L

A s g ey bt
T

ot s ok e
Pamsrare stsmger v

ot DA e oo onad
Svvn o e v F )
bt —
A . g &0 gy
N Sty et

Select Base Construction Month.
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B i e Ll
A e g ey peet
T
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Pamsrare stsmger v

e e 1]
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Townw covacser

- b
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e

Select October as the Base Construction Month.
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Select 2014 from the Base Construction Year field.
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In the same manner as for the base construction, change the dates for Pavement Construction

and Traffic Opening.
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Change the Performance Criteria thresholds.
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Participant Workbook
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Change the Performance Criteria thresholds.
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Select Add Layer.
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Participant Workbook
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Start building your structure.
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ot

This window will pop up giving you the option to select the Layer Type
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Slide 39

Select Flexible.
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Select Default Asphalt concrete.xml.
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Select OK.

Participant Workbook
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Lesson 4

Repeat the same process to add the remaining layers. Select Add Layer and choose Non-

stabilized Base.
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Select A-1-b.xml and then select OK.

Notes: On screen — AASHTOWare Pavement ME Design new project screen
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We’ll add another layer. Select Add Layer.

E4-61



Lesson 4 Participant Workbook

Slide 45

AVIOIOW ey Tt W2 Doags Wimios 20 i 20 79 Ml LSS = b >
P Sheris (e

T — : IEEBLu B 9 -y

Y e

vx
vt e ten
23 “asea,
O et el e b b
24l «
-=3H] P
Yo . St
oo i ] 03 =
i= = o a— "
i T{ln - -
e ke mnda () 1800 4}.---- T
e o Yo | o >
] BV PO - | P
[ — [T i
vl e
- Moo

Select Layer Type of Subgrade. Select A-6 as the material. Then, select OK to add this layer.
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Now we can go back to each layer and adjust thicknesses and properties.
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Now we can input thickness and material properties for the first layer. First, we’ll change the

Thickness to 4 inches.
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Note the Thickness is now 4 inches.
The mixture volumetrics will not be changed for this example.

Select the Dynamic Modulus to input Level 3 values. Go to the next screen.
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Now you can input Level 3 values for Dynamic Modulus.

Next we are going to choose the Asphalt Binder.
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Select PG70-22 from the Asphalt Binder list.
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Select Creep Compliance to accept Level 3 default values.
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Everything else is default for Layer 1.
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Now we can input thickness and material properties for Layer 2. First select Layer 2; then we’ll
change the Thickness to 4 inches by selecting Thickness.
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Lesson 4

Now we can input thickness and material properties for Layer 2. First select Layer 2, then we’ll

change the Thickness to 4 inches by selecting Thickness.
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Select Dynamic Modulus to input Level 3 values.
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Select Asphalt Binder to choose PG70-22.

Everything else is default.
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Select Layer 3.
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Now we can input thickness and material properties for Layer 3. Change the Thickness to 8
inches by selecting Thickness.
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Select Resilient Modulus to accept Level 3 values.
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Select Gradation and Other Engineering Properties to accept default values.
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Select Layer 4.
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Select Resilient Modulus to accept Level 3 values.
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Select Gradation and Other Engineering Properties to accept default values.
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Select Traffic to input traffic data.
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Change Traffic Data accordingly.

Select Vehicle Class.
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Adjust Distribution, Growth Rate, and Growth Function to represent high-traffic conditions.
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Select Single Axle Distribution to turn it green (accepting default values).
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Select the Other Axle Distributions to turn them green (accepting default values).
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Select Climate.
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Select Climate Station.

Select FL for Florida.
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Select Weather Station.

Select Orlando.
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Select Depth of Water Table.
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Input 1 for Water Table Depth.

Select outside of the Depth of Water Table window to accept the input.
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Select AC Layer Properties.
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Select Layer Interface to check and accept default values.
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Select Save.

Then, name your project.
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Analysis progress will display on the right-hand side of the screen.
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When the analysis is complete, the software will generate the output (PDF and Excel).
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Software Demonstration for Flexible
Pavement

AASHTOWare

Pv ' Paveme

ME Design

End Demonstration

New Flexible Pavement Example

FLEXIBLE PAVEMENT DESIGN | LESSON4
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Perform an evaluation of Pavement ME Design new flexible pavement design and suggest
design alterations based on material properties to consider and try when the pavement’s
intended service life is not met. This screen capture shows what the Pavement ME Design

Pavement ME Design Output

===t

-

e, S
[ A s i

[

U S Departmaet of Transpartaticn

Foders! Highway Administration

FLEXIBLE PAVEMENT DESIGN

4 Refer to Module E Lesson 4 Handout 1: New HMA High Traffic Florida, the
Pavement ME Design Report for the New HMA High Traffic projectin Florida,

LESSON 4

software pulls up automatically in Excel or PDF format for users.

Lesson 4
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Distress Prediction Summary @

Design Inputs
Design L. 20 years Blast CORSITUCION Ochinber, 214 ChmaleCala 20434, 31123
Cecgs Ty Flinmitob Piresimman Pavement mrstuction.  Foemier, 2094 Sodrces {LatLon)
Traiis opening Pcreermier, 2004
| Design Structurs TraMie
Layer fype | Material Type | Teickness jn. ) |Volumetric st Construcson: e (yean | PRI Trucks
lani
) [— Crefind] aapa a0 Trechwn okt e jumulative)
il st e U4 el S0
Fixioia concee 44 i £ 024 (10 yearm) | 11.088,000
HonShablzed [A-1-b [ 2004 (20 years) | 3626230
E ‘Semi-ninle

Reliability [%]
Target Predicied Targel  Achieved
Terminal IR {in.mile)

A
ety | Rt | o
. . A-rferncn
Distress Type Reliability Satishied?
Fai

160,00 151,50 3500 7781

Permanen| defrmanon - okl paesen ) na 1] 00 nos Fad
AL botiom-up fabgue cracking ipescent) 1000 Hm 3500 5605 Fai
AL theimral cracking (iesde) 500,00 £ 3500 100,00 Fass
AL Inp-iose taligue crockng (TAmie) 20000 4882 27 500 (=R Fad
Permanent defomsadon - &5 only (in ) 025 A4 95 00 17 Fai

@ Do these predictions, such as the thermal cracking, make sense?

)

TIPS S——— MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4

Fadarad Highway Administrazion

It can be clearly observed from the output table that every distress was exceeded except for the
thermal cracking.
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Definition of Performance: Flexible
Pavements
Alligator Cracking Rutting
Interstate = 10% lane area Interstate = 0.40 in
Primary = 20% lane area Primary =0.50 in
Secondary = 35% lane area Others = 0.65 in
Transverse Cracking IRI
Interstate = 500 ft/mi Interstate: 160 in/mi
Primary = 700 ft/mi Primary: 200 in/mi
Secondary = 700 ft/mi Secondary: 200 in/mi

Existing conditions - rehabilitation
(Owverall estimate of cracking)
Excellent < 5%

Good = 5=15%

Falr = 15-35%

Paor = 35-50%

Very Foor =50%

(]

U5 Departrest of Tranugostation FLEXIELE PAVEMENT DESIGN | LESSON 4
Fadarad Highway Administrazion

The failure parameters provided in the MEPDG Manual of Practice are provided for flexible

pavements, to be used in defining terminal performance, for the major distresses included in
the Pavement ME Design tool.

It should be noted that for IRI, the minimum construction smoothness specifications can negate
the starting point for IRI predictions at higher reliability levels. For example, Missouri requires a
maximum IRl of 80 inches/mile for new asphalt and concrete pavement; therefore, we would
never have aninitial IRl over 100 as is shown in this design at 95% reliability.
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Do these predictions make sense? What should we try to improve
performance?

U5 Departmant of Transsartatics MODULE E FLEXIBLE PAVEMENT DESIGN | LESSONA4
Federat Highway Admi

It can be clearly observed from the output table that every distress was exceeded except for the
thermal cracking.
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Stabilized Aggregate Base Example:
Impact on Pavement Performance

Original Structure:
New HMA_high traffic_Florida

Stabilized Layer

Refer to Module E Lesson 4 Handout 2: Florida Stabilized Base
Example.

I TEPES] S———— MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4
Eadarsl Highway Administragion
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0
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Fail
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Dumireas Typs RAnlahilcy
Target Fradicied
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P - el i} LEL] L3
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Layer

@ Do these predictions make sense?

)

& Dupartrsact of Transzoclation MODULE E

Fadarad Highway Administrazion

FLEXIBLE PAVEMENT DESIGN

LESSOMN 4

First we look at the original structure’s results, then the narration brings in the results from the

new trial run.

It can be clearly observed from the output table that the alligator and top-down fatigue cracking
performance improved, as did the IRl although to a lesser degree.

However, when observing the effects of the change on rutting, the addition of a chemically
stabilized material (CSM) layer did not appear to induce any major improvement in the

resistance to rutting.
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Overarching Projects
New Flexible Pavement Design

* Washington (New Flexible) — Low Traffic
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Refer to Module E Lesson 4 Handout 3: Pavement ME Design Inputs — New
Flexible Pavement Design = WA.

FLEXIBLE PAVEMENT DESIGN | LESSONA4

&

Lesson 4

Software demonstration. Perform an evaluation of completed Pavement ME Design new flexible
pavement designs, including critical analysis of pavement performance and suggested design

alterations.
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New Flexible Pavement Design Output @

+ Washington (New Flexible) — Low Traffic

Distress & Specified Pinliabiity (% )
Distress Typs Raliability eliability (%) Eﬁr;;rl::-ur
Target  Predicted  Target  Achieved
5
11

Tarminal IR {in./mike} 200.60 13282 BE.00 98.86

Farmanan dafomraton - ohal paveeniant [in.) 0.50: a4 B5.00 99.20 P
AL bemaen-up faligus erasking (pereant) 35,00 148 B5.00 100,00 Pais
AL thermal cracking (femile ) T00.00 =217 BE.00 100.00 Fass
AL bop-gosam ASgus crackirg {fimiks) 2000.00 1585713 BE.00 8a.582 Pasa
Parmanarn daformaton - AC enly (in} 0.25 Q.13 85,00 100,00 Fads

OVER-DESIGNED?
T

@ Do these predictions make sense? Why or why not?

)

I TEPES] S———— MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4
Eadarsl Highway Administragion

It can be clearly observed from the output table that no distresses exceeded the performance
threshold criteria for the lower functional class roadway. It calls into question: Was the

pavement overdesigned in some way? Can we optimize it better in terms of making a more
cost-efficient design?

How did we factor in variability in the materials used in the design? What if we tried to factor in
material variability, even though design reliability is lower (85%)?
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Exercise 1: Adjusting Inputs to Increase
Pavement Performance

* Refer to Module E Lesson 4 Handout 4: Exercise 1 Small Group
Activity for New Flexible Pavement Projects (Florida and

Washington)

* Review the inputs for both the Florida high-traffic and
Washington low-traffic flexible pavement projects

+ Determine if values need to be adjusted according to the RRD
327 Sensitivity Tables and the Guidance for Modifying HMA
Trial Designs to Satisfy Performance Criteria

* Suggest a value that you consider to be appropriate to
increase the pavement performance

7 Reviewthe given values for the FL and WA examples and determine if they
L&) need to be adjusted to increase pavement performance.

(]

I TEPES] S———— MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4

Fadarad Highway Administrazion
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Results: New HMA High Traffic Volume

145 Departrsast of Transgaristion | WMODULE E
Fadarad Highway Administrazion

FLEXIBLE PAVEMENT DESIGN

(Florida)
Trial 1 Trial 2
Layer 1 HMA
Distress Type Target| |Original | [thickness = & yer 1 binder =
PG 76-22

inches
Terminal IRI {in./mile} 160 181.75 175.48 178.74
Permanent deformation - total pavement (in.} 0.40 1.21 1.07 1.14
AC Bottom-up fatigue cracking [percent) 10 1.86 1.86 1.86
Total cracking (Reflective + Alligator) (percent) 15 4.48 4.48 4.48
AC thermal cracking (ftfmilel 500 34,50 34,59 34.59
AC top-down fatigue cracking (ft/mile] 2000 | 612,38 148391 548.71
Permanent deformation - AC only (in.) 0.25 0.95 0.83 .88
Chemically stabilized layer - fatigue fracture
ipercent) 5 0.65 0,56 0,55

o cha increase in decrease in
"E2  distress from  distress from
from original L o
ariginal ariginal
2

LESSOMN 4

This table shows the results of two Trials on the Florida high-volume pavement with a cement-

stabilized base.

The first trial altered the HMA top layer’s thickness from 4” to 6” and the effect was sufficient to
reduce the rutting in the subgrade and HMA somewhat, as compared to the original. However,

in doing so, there was a major increase in top-down fatigue cracking which resulted as a side
effect of the improvement to rutting.

The second trial altered the HMA top layer’s high-temperature binder grade from 70 to 76 and
the effect was sufficient to reduce the rutting in the HMA somewhat, as compared to the

original.
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Results: Predicted Permanent Deformation

ORIGIMAL i I

. P
HMA over l' e 1 -
stabilized base 1. 7 )
LT |
1
TRIAL 1: Layer 1 binder= PG 76-22 Trial 2: Layer 1L HMA thickness = 6 inches
= -'_H_-_' __'_.:—" = -
F =TT i1 T e .
I — | =
i l .
i f_{"f_f.__ﬂ_ = 5 llr/—f | -

L% Dupartvaiar o Teanaportation FLEXIBLE FPAVEMENT DESIGN | LESSON 4
Fadarad Highway Administrazion

These plots show the rutting predicted for the Original structure as well as the two trials

described in the previous slide.

Lesson 4

The plots indicate the Total rutting (black line), and rutting in each of the individual layers:

subgrade (red line), base (blue line), and asphalt surface (green line).

The results show that there is some change in rutting performance by increasing the thickness,

or by increasing the high temperature grade of the asphalt surface layer. However, the

improvement is not significant and indicates that other alterations to either the pavement’s

materials or structure will be necessary to achieve the 20 year design life.
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145 Departrsast of Transgaristion | WMODULE E
Fadarad Highway Administrazion

Results: New HMA Low Traffic Volume
(Washington)
Trial 1 Trial 2
Laver 1HMA | ehes:
Distress Type Target | Original | thickness = 4 N :
inches Layer 2 HMA
thickness = 8 inches
Terminal 1R [inSmile) 200 135.93 134.69 134.86
Permanent deformation - total pavement (in.) 0.50 0.39 0.44 0.45
AC bottom-up fatigue cracking [percent) 35 1796 1.97 216
AC thermal cracking [ft/mile) J00 22.17 2217 2217
AC top-down fatigue cracking (ft/mile) 2000 431047 1916.06 2095.56
Permanent deformation - AC only [in.] 0.25 011 012 012
o cha increase in decrease in
MEE  distress from  distress from
from original
orlginal arlginal
L

FLEXIBLE PAVEMENT DESIGN

LESSOMN 4

This table shows the results of two Trials on the Washington low-volume pavement which was
believed to be overdesigned and we were looking for ways to optimize the pavement structure
while economizing at the same time.

The first trial altered the HMA top layer’s thickness down to 4” and the effect was that there
was a slight increase in rutting, mostly in the subgrade, as compared to the Original.

The second trial altered the HMA top layer’s thickness down to 4” AND the granular base layer’s
thickness down to 8” and the effect was nearly identical to that in Trial 1.
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US Repartrant of Transparistion

Foders! Highway Administration

These plots show the rutting predicted for the Original structure as well as the two trials

described in the previous slide.

Results: Predicted Permanent Deformation @

by o |
.

TRIAL 1: Layer 1 HMA thickness = 4 inches

TRIAL 2: Layer 1 HMA thickness = 4 inches
over Layer 2 HMA thickness = 8 inches

ey Seph (]

FLEXIBLE PAVEMENT DESIGN | LESSON4

Lesson 4

The plots indicate the Total rutting (black line), and rutting in each of the individual layers:
subgrade (red line), base (blue line), and asphalt surface (green line).

The results show that there is very little change in performance by slimming down the structure
by several inches, thereby saving $S and not at the expense of performance over the 20-year
design life. In this way, we were able to optimize the pavement and save the Washington DOT

money and materials resources.
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Flexible Overlay Pavement Design @

| MODULE E FLEXIBLE PAVEMENT DESIGN | LESSONA4 93
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Overarching Projects
Rehabilitation Flexible Pavement Design

o

* Washington (Rehab HMA over HMA) — High Traffic
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Exatng corgtracton |May v | 1965 =] |t bomeno atigwe cacang pascert) » )
Proaract conemcace|hne v | W6 »| | paral craciong firdel - e
ey opaning [Mne »] 2016 »| [Purrarert deorston totsi puverert 1) 84 E)
1%
3

T Semi-infinite

’ Module E Lesson 4 Handout 5: Pavement ME Design Inputs -
| Rehabilitated Flexible Pavement Design

Q MODULE E FLEXIBLE PAVEMENT DESIGN | LESSON4
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Perform an evaluation of completed Pavement ME Design rehabilitated flexible pavement
design, including critical analysis of pavement performance and suggested design alterations.
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Soil Characterization
ASU
Welkome to the Argons State Univeruity Scbl Unit Map Application
T -
St st s =
- - 4 e
.
.l e 3 v
v
Map Map Unit o Companent
- Chavactet Koy Map Unit Name N
- omes ] | |xxr 675046 “;';;9“‘5‘“'“'“‘"““3‘”“ Buaesrard
Vs el -t Doyt (83300)
—otny oy j Warer
e ' | aasuTO "éﬂo n‘;& Bl)"‘;“h"’ Thickess| % ;::: Depih be
| Classificasion | 513 o R i) | Componenr [ (B | BHC
i Miu (1)

A4 4 ) 15 15 14 NA 417

A6 9 15 il 61 L} NA 417
[ PPy e— | W] ] TR U 5 14 NA 417

U S Departmaet of Transp
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Welcome to the Arizona State University Soil Unit Map Application!
I T Lo
Select State < S > S |
Washington v
Search for Mispost Cootdnales ~ : '.-;m 3
attude :L ﬁ’J
L sw2 o
Wait & minute for the layer to load ~
o Vo s e il it Map Map Unit S Component
ey Character Key Map Unit Name Name
T — XK7 675046 E':;ﬁ]kﬁfgfﬂ‘schﬂﬂdﬂ'm}ml“‘Ba‘““g‘“d Baumgard
Generate Soil Unit Report
ascrar. XK Get Report 4 Water
': AASHTO | Top | Bottom - 2 Table Depth to
AN SR P Y | Cl::;ls?ﬁ]?:g E:m Group | Depth | Depth Th&hj;ﬁs Com A::ruem Depth Bedrock
B ' Index (inm) (in) P Annual (ft)
Min (ft)
A4 4 0 15 15 14 N/A 417
A-6 g 15 Y| 161 14 N/A 417
Copyright 2011 Arizona State University; Department of Civil, Environmental a; .ejL"ﬁ ‘1‘ 31 . ]. | -I"ﬁ 1 15 14 N.':A. 41? |

E4-113



Lesson 4 Participant Workbook

This screen will remind participants where to get the subgrade-related information from in case
those are not available (from previous testing).
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Traffic and Climate Inputs @

a Climate Station
Langitude (decimal degress) 122,903
Latitugde |decimals degrees) 46,973
= POF (huipud Fapod Vericie Blerrabion (H) 1E8

i b,
; - Diepth of water table () Annwsal {5) =
fuibpla Progact Sursmuary Climate station
3 Baich Fun

)

& Dupartrsact of Transzoclation
Fadarad Highway Administrazion

MODULE E FLEXIBLE PAVEMENT I‘.IEEIEHl LESSON 4 | 96

Perform an evaluation of completed Pavement ME Design rehabilitated flexible pavement
designs, including critical analysis of pavement performance and suggested design alterations.
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AC Overlay Layer Property Inputs

4 Mixture Volumetrics

Unit weaght (pcf)

Creep compliance level

3 >

Low Temp

Loading
Time(sec) (4 deg F)

R

U S Departmant of Transsartaticn MODULE E
Foders! Highway Administration

20739296
2 29461E-..
| 2627634E-
2 909646E-
0 |3.221851E-...
| 3.688558€-
| 4 0821266

Mid Temp  Hgh Temp
(14degF)  (32degF)

35548536-, 487063607 |
4.186616E-. |6.36618%€-. |

5197266E-, | 9 0S0448E-
6.120917€-. | 1.181005E-
7208718 | 1541109
8.948904E-. | 2 150907E-.
1053529~ | 2858943€-

FLEXIBLE PAVEMENT DESIGN

Perform an evaluation of completed Pavement ME Design rehabilitated flexible pavement
designs, including critical analysis of pavement performance and suggested design alterations.
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Existing AC Layer Property Inputs @
4 AC Layer Properbes
AL surfsce shofaase absorpinnty 0.BS
s endurance lemit applied? Fal=e
Endurance limit {microstrain] 100
Layer interface Full Friction inlerface
4 Hehahaldaben
Condition of existing fexible pammsment Ashabiliation Level 3
Fetabhiator et e Fl B — —_—
. = Perabilitaton input el _]. =
Fatipues evackiong 21 Milled theckness () Z
Fa cracking (%)
Ligear Layas Typs Flui Cigeh fir o el
| e Eaveart ity =T -
Do mephadi = P (1] :
Crathad more  Henssbdmd B | Tedsl rat dapl [n.) [
Al Fssasbdped B D
“— T T —

MNote: Rehabilitation input Level 2 iz the same as Level 1, except Level 1 can
be directly pulled in from external file containing FWD back calculation data.

)

TIPS S——— MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4
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Perform an evaluation of completed Pavement ME Design rehabilitated flexible pavement
designs, including critical analysis of pavement performance and suggested design alterations.
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Unbound Materials and Subgrade Inputs @

Layer 6 Subgrade A
gl

4 Unbound
Layw thckness (in) [ Semsinfinge
Poizson's 1o 035
Cosficiert of Intecsl asrth pressure (K0} 0s

 Moduks
Rasibart modiss (psi) 14000

4 Sieve

Gradenon & cther engineering properties

2 as

R

U5 Degartmant of Trinspariatics MODULE E FLEXIBLE PAVEMENT DESIGN | LESSON4
Foders! Highway Administration

Perform an evaluation of completed Pavement ME Design new flexible pavement designs,
including critical analysis of pavement performance and suggested design alterations.
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Rehabilitation Flexible Pavement Design @

Output

istress cified - ’ e
ot

Target Predicted  Target  Achieved 2
Termnal IR1 (in/mie) 160.00 138.12 80.00 g7.68 Pass
Permanent deformation - 1otal pavemant (in,) 044 0.80 80.C0 3849 Fal
Tetal Ceacking (Refactive « Alligaiar) (percent) 15 21.85 - - Fal
AC tharmal cracking {ftimile) 500.0C 217 80.00 100.00 Pass
AC betiem-up fatigue cracking (percent) 10.00 145 §0.00 100.C0 Pass
AC top-down fatigue cracking (A'mie) 2000.00 27273 $0.00 100.00 Pass
;_;P«nlnz\gt.v_dﬁormmon 'ic.‘l“_";!"‘ ) 0.28 Q.33 9090 5—9“3_9 Fail

RC = Percent of cracks reflected, %
t = Time, years
1 0 0 hy = Overlay thickness(in)
a = 3.5+ 0.75(Hefl) ”
b = -0.688584 - 3.37302(Hef)*"**
c -1
d = Calibration parameter (user input)

RC =

- 1+ec.a+d,bt

Do these predictions make sense? Rutting in the asphalt versus total
rutting? Total cracking (reflective plus fatigue)?

R

U5 Departmant of Transsartatics MODULE E FLEXIBLE PAVEMENT DESIGN | LESSONA4
Foderst Highway Administration

It can be clearly observed from the output table that rutting and total cracking fail the
performance criteria, but IRI, TC, and other cracking pass. Note that the total cracking is only
predicted at 50% reliability and cannot be run at any higher level of reliability at this time.
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Rehabilitation Flexible Pavement Design
Output

Predicied Tolal Bulting {Permanent Delfarmalan i Total Cracking { Reflective + Alligator)

FE-L]

0 O
ra

—_— Thu.r‘fl‘ d Walug

"
a3
1
) - =+ PO Eekabily
&
¢

Rummirg Dapth [in)

4 & B 1 13 1% L] e F 4 B o L 12 14 14

Pavamait g [yaird) Pavamant Age [ysiri)

Predicted Rutting (Permanent Deformation)
at 50% Reliability

E hEe ] ———
fomm — —
5 100 —_— e
g D000 e === T T === Lubktotal Subgrads
P I =TT/ Sub ot A
B0 n gk ok 1] ] b ol B
FEFTPP PP ES

Paseimezn Ages liate)

FLEXIBLE PAVEMENT DESIGM | LESSON 4
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The predicted rutting at 50% reliability does not exceed the performance criteria of 0.4 inches
until about 12 years, which is a good performance for an overlay. However, at the 90% reliability
level, the threshold is exceeded at six years, which is sooner than desired for going out to do
further repairs.

Predicted Total Rutting (Permanent Deformation): The rutting can be further studied in terms of
the source, by observing the rutting at 50% reliability in each layer. This plot shows that the
majority of rutting early on is in the subgrade (the red dashed trend) and that at about eight
years of life, the instability rutting (rutting in the AC, shown by the green larger dashed trend)
overtakes the rutting in the subgrade.

Total Cracking (Reflective + Alligator): The reflective cracking model in the Pavement ME Design
current version is a placeholder and will be replaced (estimated to be) in Summer 2015 It is only
capable of predicting 50% reliability at this time. According to the figure, the cracking would
reflect through for this pavement at year three and accumulate to about 22% lane area cracked.
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Exercise 2: Adjusting Inputs to Increase
Pavement Performance

* Refer to Module E Lesson 4 Handout 6: Exercise 2 Small Group
Activity for Rehab Flexible Pavement Project

* Review the inputs for the Washington high-traffic rehab
pavement project

* Determine if values need to be adjusted according to the RDD
327 Sensitivity Tables and the Guidance for Modifying HMA
Trial Designs to Satisfy Performance Criteria

* Suggest a value that you consider to be appropriate to
increase the pavement performance

") Reviewthe given values for the rehabilitation flexible pavement project and
L &) determine if they need to be adjusted to increase pavement performance.

(]

L% Dupartvaiar o Teanaportation MODULE E FLEXIBLE FPAVEMENT DESIGN | LESSON 4
Fadarad Highway Administrazion
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Results: Rehab HMA over HMA high traffic
volume (Washington)

arlginal

(]

15 Departrsact of Toanuegasialion
Fadarad Highway Administrazion

MODULE E

frarm orlginal fresmn original

FLEXIBLE PAVEMENT DESIGN

Trial 1 Trial 2 Trial 3 Triald
Layer 1 Layer 1 effective = Layer 1  Layer 2 milled
Distress Type Targel | Original effectivebinder binder content = | binder » | thickness = 3
icontent = 10% | 10%; Air voids = 5% PG 64-22 inches
Terminal IR {in./mile} 160 | 138.12 137.75 136.97 136.93 138.20
permanent deformation -, 4| | p g 0.59 0.57 0.57 0.60
total pawvement (in.)
Total Cracking (Reflective | | | 5, g 2185 2185 21.85 2101
+ Alligator) [percent)
pic thermal cracking soa| | 2747 2717 2717 2717 2717
1ft/mile)
AC battom-up fatigue 10| 145 145 145 145 145
cracking (percent)
i
AC top-cown fatigue 2000 | 27273 || 275186 266.61 27102 | 27431
cracking (ft/mile]
fi ;
permanent deformation -| o 5cl | a3 0.32 0.30 0.30 033
AC only fin.
no change from  increase in distress  decrease in distress

LESSOMN 4

This table shows the results of four Trials on the rehabilitation design for Washington high-
volume flexible pavement.

The first trial altered the HMA top layer’s AC content to 10% and the effect was that there was a
slight improvement in rutting but almost imperceptible, as compared to the Original.

The second trial altered the HMA top layer’s AC content 10% and the air void content to 5% and
the effect was nearly identical to that in Trial 1.

The third trial increased the HMA top layer’s high temperature binder grade from a 58 to a 64
and the effect was that there was a slight improvement in rutting, as compared to the original.

The fourth trial increased the milling depth into the existing HMA pavement from 2” to 3” and
the effect was negative and resulted in a slight increase in rutting and in IRI.
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Results: Predicted Permanent Deformation @

T
1IIANS =2 antl
ORIGINAL || .
' . =
Trial 1: Layer 1 effective binder = 10% Trial 2: Layer 1 effective binder = 10%
Alrvolds = 5%
o — ] |

\
\

MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4

15 Departrsact of Toanuegasialion

Fadarad Highway Administrazion

These plots show the rutting predicted for the original flexible pavement rehab structure as
well as the two first trials described in the previous slide.

The plots indicate the Total rutting (black line), and rutting in each of the individual layers:
subgrade (red line), base (blue line), and asphalt surface (green line).

The results show that there is very little change in performance by changing the binder content
and by also decreasing the air voids.
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Results: Predicted Permanent Deformation @

_r_"'-.-
= e
i il
ORIGINAL | .
L)~
Trizl 3: Layer 1 binder= PG 64-22 Trial 4; Layer 2 milled thickness = 3 inches
. J R
i = 1 £ =11
i R i —
; rj_r 3 : "'r/_f *
|

4. Departmsast o Tranuzastation FLEXIBLE PAVEMENT DESIGM | LESSON 4

u
Fadarad Highway Administrazion

These plots show the rutting predicted for the Original flexible pavement rehab structure as
well as the second two trials described in a previous slide.

The plots indicate the Total rutting (black line), and rutting in each of the individual layers:
subgrade (red line), base (blue line), and asphalt surface (green line).

The results show that there is very little change in performance by changing the binder high
temperature grade (from 58 to 64) although a slight improvement was noticed in AC rutting. In
terms of the increase in milling thickness in the existing AC prior to placement of the HMA
overlay, increasing the milling depth by 1 inch did not appear to have any impact at all and may
have slightly increased rutting in the AC.
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Learning Outcomes Review @

You are now able to:
* Perform an evaluation of completed Pavement ME Design
new flexible pavement designs

* Perform an evaluation of completed Pavement ME Design
rehabilitation flexible pavement designs

(]

I TEPES] S———— MODULE E FLEXIBLE PAVEMENT DESIGM | LESSON 4
Eadarsl Highway Administragion
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Highway Materials Engineering Course

Lesson 5: Rigid Pavement Design

MODULE

Mechanistic Empirical Pavement
e Design Guide (MEPDG)

S Daps " ANAPoe AL
Federal Highway Administration

Lesson 5
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Slide 2

Learning Outcomes @

By the end of this lesson, you will be able to:

* Perform an evaluation of a completed Pavement ME Design
new rigid pavement design

* Perform an evaluation of a completed Pavement ME Design
rehabilitation rigid pavement design

@ This lesson will take approximately 2 hours to complete.

]

UL Dipirbra o Traraporistion MODULE E RIGID PAVEMENT DESIGN | LESSON &
Eadarsl Highway Administragion
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Rigid Pavement Types in Design @
* MNew Rigid Pavements

— Jointed Plain Concrete Pavement (IPCP)

— Continuously Reinforced Concrete Pavement (CRCP)

* Rehabilitated Pavements Projectt Froject”

Chtogn ke |peais) E:hv A

o JICF

@ What types of rehabilitation options are there for rigid pavements?

)

TI TE] S——— MODULE E RIGID PAVEMENT DESIGN | LESSON &

Fadaral Highway Administragion
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Projectl:Project® |
General Information
Design type: | Overay - |
Pavement type: l - I
Design life (years): AC over AC
AL over JPCP

Existing construction AC over CRCP

~ AC over JPCP {fractured)

Pavement constructis AC qver CRCP ffractured)

Traffic opening:

Bonded PCC/JPCP
Bonded PCC/CRCP

__JPCP aver CRCP (unbonde

- JPCP aver JPCP {unbonde
CRCP over CRCP {unbond

L‘} Add Layer ﬁ CRCP over JPCP {unbonde

JPCP over AC

CRCP over AC

Participant Workbook
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There are a number of rigid pavement types that can be evaluated in the Pavement ME Design
software.
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PCC Inputs

a PCC
Thigkenass (in )
Lbrat weaght (ped)
Proisson's rabio

4 Thermal

PCLC thermal conductivty (BTUMe-R-deg F)
PFCC heat capscity (ETUNb-deg F)

4 Mix
Casmant type
Cemrentiicus material content (Ibiyd™3)
‘iater ko cemend ratio
Aggregate type
PCC zerc-airess iemparaturs (deg F)
Ulrrate shrirkage (microsiain)

Frvarmible shrinkage (%)
Time fo develop 50% of ulbmabs shrekage (days] 35
Coxring method Camring Compoarad
i Sivength
PCC sirength and modules Liwwed -3 Fupture{E90) Mosdulus {4 200000y

)

T S——T . MODULE E RIGID PAVEMENT DESIGN
Eadarsl Highway Ad

LESSON &
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PCC Mix Inputs

A CE Type Il (D)
Thicknasa (in) = Type I )
ot v 1% —
Proisson's rabio o2
4 Thermal Cuartzte (T)
PCC coefficient of thenmal mcpﬂnsiu'ulfin.-'ln.‘dﬁgF:l 55 Limesions (1)
PUC thermal conductroty (ETUN-h-des P [2] 1.28
PFCC heat capscity (ETUNb-deg F) [] n.28 Girarie [3]
4 Mix .
Cmnt lype Type 101} Fhyolie )
Camentitious maderial content (Iyd™Y €00 Basat (3)
imier b cement rabio 04z Syenie [E)
Logregate type Diolesmite (2) Gabbm (7)
FLL zerc-airess tempersiure [deg F] [ Calculabed Chest ()
Uismrate shnrkage [microstain} ] 632.3 jcaloulated)
N I
Fuectrmibibe shrinkage (%) 50
Time 4o develop 50% of ublimabe shrickage [days) 5 et Curing
Comring method Camring Compoard
4 Slrength
PCC strengeh and madubs [7] Level:3 Fupture{(590) Modus(4200000)

Type | (1)

MODULE E

RIGID PAVEMENT DESIGN | LESSON &

Lesson 5
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Sources of Data for PCC Inputs: Arkansas

[ Tyr——

Slnbma Combdwr Fum o™ Kb Murrase C s
Pood Ml Comanr s
Lot A L Fam [Fr =T o T Am pre—— Py Ham - Ty
Lemirma Cazdo T L& 01z i3 15 Lowooae | € moracs Oudy 12 il [ & a4
oo el 0w Fly AUk [ 5 5] [i5+] e Camvane i 0% Ty s 18 (1] T i
Comdor 2% Hag [ &1 01z 03 a1l o it a2 5% Gl 13 i (L] (1]
i va AT YT LEL L Wi i oo | Do Dudy Lt da i3 a5
b . 300 Fiy Ak Bt BF ais ain T 13 2% T dak a4 as B a3
e ml 21% Heg Ll Lo W Lh L] L e A 15 g 4 ir i &l
Spsmin Eormen Sy LET B3i aii adi Symzby | e Cedy ) 5z 0 a4
bt sl 30 By Ak B3 P o s [ 1 ay a a4
oo el 2% Hag [ [k k=) Lk ] Capne w38 1% Sy 13 ar i i
vl Comaw o LR La ) wis an renl e Dy Ll e (L] “
Comaee w2k Tiv Auk [ 5 [k ] [ wi o el 3% P do [} (1] (& [¥]
Comare wal 21" Heg LR Lk LhL ww o 18 15 Sy L (e (L] (1]

Can you identify the trend that can be observed in the data in this
screen regarding Poisson's ratio? What about for the CTE?

MODULE E RIGID PAVEMENT DESIGN | LESSON 5
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Mixture Constitnents

Paizson's Ratio

Mixture Constitnents

CTE (microsirain™F)

PCC Alixture Cement Paste
Coarse Agg. Cemenfition: T days 14 days 18 davys 90 days C Ase Cementifions Mat. 7 days 25 days 7 days 28 days

Limestone Cament Ouly 0.24 0.2 013 0.25 Limastons Cemeant Only 52 5.1 6.3 5.4
Cament and 20% Fly Ash 0.23 0.23 013 0.24 Cement and 20% Fly Ash 50 5.0 6.6 5.5

Cament and 25% Slag 0.21 0.22 013 0.22 Cement and 25% Slag 53 5.2 6.6 6.8

Sandstons Cament Culy 0.15 0.17 017 0.17 Sandstone Cemant Only 54 5.4 6.6 6.5
Cament and 20% Fly Ash 0.17 0.17 017 0.18 Cemeant and 20% Fly Ash 5.4 5.4 64 6.3

Cament and 25% 3lag 0.18 0.17 0.14 0.18 Cemeant and 25% Slag 64 6.5 63 5.8

Syenite Cement Only 0.23 025 0.25 0.25 Syenite Cement Only 50 5.2 6.6 5.4
Cement and 20% Fly Azh 0.24 0.25 0.24 0.25 Cemeant and 20% Fly Ash 53 53 6.4 5.4

Cement and 25% Slag 0.24 0.23 027 0.28 Cement and 25% Slag 53 5.5 a7 6.7

Gravel Cament Only 0.18 0.18 018 0.18 Gravel Cemeant Only 6.9 4.9 .6 5.6
Cament and 20% Fly Ash 0.13 n.1e 013 0.18 Cement and 20% Fly Ash 4.8 5.9 6.7 5.8

Cament and 25% Slag 0.13 0.20 01a 0.1% Cement and 25% Slag 6.9 5.8 6.4 5.6
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Arkansas DOT regionally has only four types of aggregates from quarries in its State. The table
on the left shows the measured coefficient of thermal expansion (CTE) for mixes and cement
paste. The results for the CTE of Portland cement concrete (PCC) mixture are a reflection of the
change in coarse aggregate type. The results for the cement paste represent a combination of
the effects of the cement type and fine aggregate (which in Arkansas consists also of fly ash and
slag). The results in the table showed that the CTE doesn’t change with age for the four main
types of aggregates in Arkansas.

The second table (right) shows the same mixture constituents for the common concrete
mixtures in Arkansas and observes the impacts of age on the measured Poisson’s ratio. The
table shows that the Poisson’s ratio varies with aggregate type and indicates that the national
default values may not be the best reflection of performance. This demonstrates the
importance of doing laboratory testing for Level 2 or 3 inputs for local calibration.
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PCC Strength @
PO sirength inget b 1 : ==
% 3E-Diwy PLLC moswhm ol repture [pai) 1]
* :f:m’ i = 10 38-Day FUC compeeasive sivength ips]
Lkt '.-.md't-[pc'l] 150 [#] 28-Duy PTC sasic maduhs [pai AR
Proisson's rabio o2
d  Thermal
PCC coefficient of thermal expansion (infin/deg F 1] 5.5 [ o —"— 1 .
PCL tharmal conductnaty (BTUM-A-dag F) [] 1.28
FUCLC heat capacity (ETU/b-deg F) [Z] n.z8 hm* s pe)
4 Mix -
Cameant type Twe i Y
Casrentitious material conbent (Ehyd"3) &00 i
‘wialer b coment rabio 042 Hcdny
Aggregate type Diolosmite [2) A Dy
PLL zerc-siress bempershurs (deg FJ [ Cabeudated | __ 5 - —
Utimizte shrickage [microstaing [ 6323 foale o e ! y
Faretrnibie shrinkage (%) 50 Tiss I;:llndn.ﬂn ::m
Time fo develop 50% of ulbmabs shrekage (days] 35 _I]
Coxring method Cawring Compoar
. S Hh-cay o -
PCC strangs and modulus [#] Lews-3 Au :: z
Hepnar: 2icay ]
L

TI| TN S—— MODULE E RIGID PAVEMENT DESIGN | LESSON &
Eadarsl Highway Admi

The strength and modulus can be input at three different levels, as seen to the right (Level 3 at
top, down to Level 1 requirements at the bottom).
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- -
Materials Data in Concrete Catalog:
L]
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The table on the left compares modulus of elasticity (in units of million psi) measured at the
four key points in time with the mixture constituents showed in the previous example.

The table on the right compares compressive strength (in units of psi) measured at the four key
points in time with the mixture constituents showed in the previous example.

For a Level 1 input of modulus of elasticity, the MEPDG requires the construction of a modulus
gain curve to predict the modulus of elasticity at any age of concrete based on the regression
model form. The regression model equation represented in the equation on the screen has
three regression coefficients—al, a2, a3—which are optimized using regression analysis.
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The properties of the slab, joints, and interaction with substrate layers are defined in the

software.

JPCP Design Properties

4 JPCPDosgn
PCC surface shortsave abacrptrity
a PCC jirt spacing ()
Is joire spacing random ?
Jowet spaceeg (%)
Spacing of Joint 1
Spacing of Jare 2
Spacing of Joirt 3
Spacing of Joire &
Seslact type
4 Coweled jorts
Is joire domeled 7
Dowel Sameter (in)
Dowel spacieg (in)
4 'Widened slab
Is slab widenes ?
Slab wigth (1)
Tred shoulders
Tied shouiders
Load ¥ansfer eficiency (%)
Erodibeliy ndex
4 PCC-base contact fricson
PCC-Base full friction contact
Nostha ctl Iriction fess
Fermanent curlwarp efiactive temperatire défee

R

MODULE E

US Departmmet of Troney

0.85
15

False

[F] s
=

[

-

[
Predormed
Spacng(12). Deameter(1.25)
True

1.25
2] 2

Not widened
False

(-

Not tied
False

Very erndble (5)
Fll friction with Inction loss o (240) months
True

RIGID PAVEMENT DESIGN| LESSONS

Lesson 5
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JPCP Design Properties

4 JPCPDosgn
PCC surface shortsave abacrptivity
a PCC jirt spacing ()
Is joirt spacing random ?
Jowet spaceeg (%)
Spacing of Joirt 1
Spacing of Joire 2
Spacing of Joirt 3
Spacing of Joire &
Seslact type
4 Doweled jorts
Is joirt doweles 7
Dowel Sameter (in)
Dowel spacieg (in)
Widened slat
Is slab widenes ?
Slab wigth (10
4 Tred shoulders
Tied shoulders
Load ransfer efficiency (%)
Erodibilay index
o POC-Base contact ncson
PCC-Base full friction contact
Noetha crtl briction foss

False Béremely erosion resstart (1)
(] Very erosion resistant (2)
Not tied ,BWM'(B}

False Fady erodble (4)

=1 Very ssadible (5)

Very erodble (5)

Full icion with ction loss f (4G} et 1

True
[F] 240

Permanent curlwarp efiactive temperstire ddfecenc -10

MODULE E

artmwet of Tesneparistion

Highway Adminisiration

RIGID PAVEMENT DESIGN

LESSON &
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CRCP Design Properties @
4 CRCP Design
POC surface shorfwave sbeorplvity ES
Shoulder type faphalt (2)
Farmanans curlfwarp electvs temparstuns ifferenc ] -10
Steal (%) &
Bar diameser (in.) LE2S
Stewl duplh (iech) 4
Base'slab friction coefficient 75
# Crack apacing Generabe crack spacing using prediciion model
Is crack spacing computed using prediction mo True
Crmck spacing (w)
2

TI TE] S——— MODULE E RIGID PAVEMENT DESIGN | LESSON &

Fadaral Highway Administragion

This screen highlights the input selections for shoulder type.

Lesson 5
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Temminal IR §incimiie)
Mo joint flting (in.)
JPCP fransverse cracking |percent slats)

Pavement ME Design: Interpreting Results

Fail
Fai
Pass

Teeminal R [in.imiks)
CRCP punchouls [ Limika)

Achieved m
LN Pass

Istress @ Specthed W
Reisbiley m
Targat  Predicted  Target  Achiewsd
160.00 T AT 00 4480
18] 025 =500 33.00
000 453 =500 =505
Distress @ Spacified
Fielinbilsty
Targst Predicted  Target
18000 141,52 8500
10.00 24.58 850D 5037

Fai

Performance Verification
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Distress @ Specified e o e
Reliability Reliability (%) Criterion

Satisfied?
Target Predicted Target  Achieved
Terminal IRI {in./mile) 160.00 254.49 95.00 44 80 Fail
Mean joint faulting (in.) 0.15 0.26 95.00 33.00 Fail
JPCP transverse cracking (percent slabs) 10.00 4.92 95.00 99.96 Pass
CRCP _ Distress @ _S_pemfled Reliability (%) Criterion
Distress Type Reliability Satisfied?
Target Predicted Target Achieved :
Terminal IRI (in./mile) 160.00 141.52 95.00 98.69 Pass
CRCP punchouts (1/mile) 10.00 24 .59 95.00 50.37 Fail
| Predicted Faulting
0.35
0.3
0.2¢
0.25 [P a—
—— Threshold Yalue IR
wnsan it o017

""" = Epitiﬁidﬂi‘lhhmfﬁlﬂ. 3
st

- - - @5pwReliability_ am=="T""

I""' -
. . 0.05 .1-"' -
_ MOdlfy Design 0 -':"#’

0 2 A £ E 10 12 14 16 18 20

—— e
T

=
-
(e

Faulting (in)
o
P

o
-

—
-
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Definition of Performance: Rigid Pavements @

For JPCP For CRCP
(Percent Slabs Cracked) (Number of Punchouts)

* Good < 10%

Good < 3 punchouts

* Moderate = 10 to 50%

Moderate 3 to 10 punchouts

* Severe > 50% or requirement * Severe > 10 punchouts
of a crack and seat

U3 Departmest i Tronasarntation MODULE E RIGID PAVEMENT DESIGN | LESSONS
Foders! Highway Administration

These categories are used for evaluating existing pavements in a rehabilitation design situation.
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JPCP Inputs Level of Sensitivity for JPCP Distresses
Groups Parameters Faulting Cracking
Traffic Initial two-way AADTT VS VS
Design lane width NS S
Climate Climate VS S
Design Feature Permanent curl/warp VS VS
effective temp difference
Joint spacing VS VS
Sealant type NS NS
Dowel diameter S NS
Dowel spacing NS NS
Edge Support VS S
Erodibility index S NS
PCC Base Interface NS NS
Layer/General Surface shortwave VS VS
absorptivity
Layer/PCC PCC layer thickness VS VS
Unit weight S S
Poisson’s ratio S S
Coefficient of thermal VS VS
expansion
Thermal conductivity S VS
Heat capacity NS NS
Cement type NS NS
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Cementitious material S NS
content
Water/cement ratio S NS
Aggregate type NS NS
PCC zero-stress temperature S NS
Reversible shrinkage NS NS
Time to develop 50% of NS NS
ultimate shrinkage
Curing method NS NS
28-day PCC modulus of S VS
rupture
28-day PCC compressive NS VS
strength
Layer/Subbase Granular base VS S
(Base) material/stiffness
Granular base thickness S S
Poisson’s ratio NS NS
Layer/Subgrade Subgrade material/stiffness S S
Poisson’s ratio NS NS
Compacted or uncompacted NS NS
JPCP/HMA (Rehab) HMA milled thickness NS NS
Pavement rating S S
Monthly modulus of S S
subgrade reaction measured
Month for measuring S S

modulus

Very Sensitive

Sensitive
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Sensitivity of JPCP Inputs

Lawvel of Sensitivity for JPCP

JPCP Inputs .

Distrasses

Parameters

Initial two-way AADITT
Design lane width

Climate Climate

Traffic

Permanent curlfwarp effective temp difference
Joint spacing
Doweel diameter
Edge Support
Ercdibility index 5 M5
PCC Base Interface
Granular base material/stiffness
Granular base thickness
Layer/5ubgrade Subgrade material/stiffness 5 1

Design Feature

Layer/Subbase (Base)

)

[TI 1 ST - ot MODULE E RIGID PAVEMENT DESIGN | LESSON &

Fadaral Highway Administragion

This is the table from the NCHRP 1-47 (RRD 372) report that shows the information on the
factors which are most sensitive for jointed rigid pavement performance.
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Sensitivity of JPCP Inputs

JPCP Inputs

Level af Sensitivity Tor JPCP

]

U3 Departmeact of Tranaparistion

Fadaral Highway Administragion

This is the table continued (from the NCHRP 1-47 (RRD 372) report) that shows more

MODULE E

RIGID PAVEMENT DESIGN

LESSON &

Groups Parameters Faulting Cracking
Pawernent rating 5 5
JIPCPSHMA (Rehak) | Manthly modulus of subgrade reaction measured 5 5
honth for measuring modulus 5 5
PCL layer thickness
Coeffichent of thermal expansion

Thermal conductivity 5
Heat capacity N5 M5
Layer/PCC Cementitious material a:.c-ntent 5 M5
Water/cement ratio 5 M5
Aggregate type N5 M5

PLC zero-stress temperature 5

28-day PCC modulus of rupture 5

28-day PCC compressive strength N5

Lesson 5

information on the factors which are most sensitive for jointed rigid pavement performance.
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Suggested Alterations to Pavement Design (JPCP)

Distress & IRI

Modifications to Minimize or Eliminate

Joint Crack Width

e Build JPCP to set at lower temperature (cool PCC, place cooler
temperatures).

e Reduce drying shrinkage of PCC (increase aggregate size,
decrease w/c ratio, decrease cement content).

e Decrease joint spacing.

e Reduce PCC coefficient of thermal expansion.

Joint LTE

e Use mechanical load transfer devices (dowels).

e Increase diameter of dowels.

e Reduce joint crack width (see joint crack width
recommendations).

e Increase aggregate size.

Joint Faulting

e Increase slab thickness.

e Reduce joint width over analysis period.

e Increase erosion resistance of base (specific recommendations
for each type of base).

e Minimize permanent curl/warp through curing procedures that
eliminate built-in temperature gradient.

e PCCtied shoulder.

e Widened slab (by 1 to 2 ft).

Slab Cracking

e Increase slab thickness.

e Increase PCC strength.

e Minimize permanent curl/warp through curing procedures that
eliminate built-in temperature gradient.

e PCCtied shoulder (separate placement or monolithic placement
better).

e Widened slab (1 to 2 ft).

e Use PCC with lower coefficient of thermal expansion.

IRIJPCP

e Require more stringent smoothness criteria and greater
incentives.
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Joint Crack Width

Guidance
to Satisfy Performance Criteria

for Modifying JPCP Trial Designs @

Modifications to Minimize or Eliminate

Build JFCP toset at lower temperature [cool PCC, place cooler temperatures)

Reduce drying shrinkage of PCC [increase aggregate size, decrease wic ratlo, decrease
cement content)

Decrease jolnt spacing

Reduce PCC coefficient of thermal expansion

Jaint LTE

Use mechanical load transfer devices (dowals)

Increase diameter of dowels

Reduce joint crack width [see joint crack width recommendations)
Increase aggregate size

Jaint Faulting

Reduce joint width over analysis period

Increase erosion resistance of base (specific recommendations for each type of base)
Minimize permanent curlfwarp through curing procedures that eliminate bullt-in
temperature gradient

PCC thed shoulder

Widened slab [by 1 to 2 ft)

]

U Departmeact of Tranuzartation

Fadaral Highway Administragion

MODULE E RIGID PAVEMENT DESIGN | LESSON &

Lesson 5

The screen provides the following distresses: joint crack width, joint load transfer efficiency
(LTE), and joint faulting, and at least four alterations that you can make to decrease the amount
of each of these distresses. For example, increasing the diameter of dowels or providing tied
shoulders and/or a widened slab are both options used effectively to reduce joint faulting.
However, increasing the slab thickness is one example of an option that would not be effective
in minimizing the amount of faulting at joints.
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Guidance for Modifying JPCP Trial Designs
to Satisfy Performance Criteria

Distress & IR Maodifications to Minimize or Eliminate

Increase slab thickness

Decrease [oint spacing

Increase PCC strength

Minimize permanent curlfwarp through curing procedures that eliminate bullt-in
remperature gradient

*  PCCtled shoulder (separate placementor monalithic placement better).

*  Widenedslab (1 o 2 fr)

*  Use PCC with lower coefficlent of thermal expansion

& & &

Slab Cracking

IRl IPCP *  Require more stringent smoothnass criteria and greater incentives

]

UL Dipirbra o Traraporistion MODULE E RIGID PAVEMENT DESIGN | LESSON &
Eadarsl Highway Administragion

This shows that for crack width in the jointed pavement surface there are at least four
alterations that you can make to decrease the amount of each of these distresses.
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Lesson 5

Level of Sensitivity for CRCP
CRCP Inputs .
Distresses
Maximum .
Punch- Minimum
Groups Parameters Crack
out . LTE
Width
Traffic Initial two-way AADTT VS S S
Climate Climate S S S
Permanent curl/warp effective
url/warp effectiv VS NS NS
temperature difference
Shoulder type S NS S
Design Feature Percent steel VS VS VS
Bar diameter VS VS VS
Steel depth NS S S
Base/slab friction coefficient NS S NS
Layer/General Surface shortwave absorptivity NS NS NS
PCC layer thickness VS S VS
Unit weight S NS NS
Poisson’s ratio S NS NS
Coefficient of thermal expansion VS S S
Layer/PCC Thermal conductivity NS NS NS
Heat capacity NS NS NS
Cement type NS NS NS
Cementitious material content S S S
Water/cement ratio NS S S
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Aggregate type NS NS NS
Reversible shrinkage NS NS NS
Curing method NS NS NS
28-day PCC modulus of rupture VS VS VS
Granular base material/stiffness S NS NS
Layer/Subbase Granular base thickness S NS NS
(Base) Poisson’s ratio NS NS NS
Compacted or uncompacted NS NS NS
Subgrade material/stiffness S NS NS
Layer/Subgrade Poisson’s ratio NS NS NS
Compacted or uncompacted NS NS NS
Very Sensitive Sensitive
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Sensitivity of CRCP Inputs

Level of Sensitivity for CRCP

CRCP Inputs )
Distresses
Maximum
Groups Parameters Punch-out s Minimum LTE
Traffic | Initial two-way AADTT 5 5
Climate Climate 5 5 5
Permanent curlfwarp effective temperature
Jlrr|:||'1‘f|F:In|!-n|:\|!- . N N
Shoulder type 5 MNS 5
Design Feature Percent steel
Bar diameter
Skeel depth N5 5 5
Basefslab friction coefficient M5 5 M5
Layer/Subbase Granular base material /stiffness N5 N5
(Base) Granular base thickness NS NS
Layer/Subgrade Subgrade materialy/stiffness M5 M5

]

U3 Departmeact of Tranaparistion

Fadaral Highway Administragion
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Lesson 5

This is the table from the NCHRP 1-47 (RRD 372) report that shows the information on the
factors which are most sensitive for continuously-reinforced rigid pavement performance.
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Sensitivity of CRCP Inputs

Groups

CRCP Inputs

Parameters

Punch-out

Layer/PCC

PCC layer thickness
Coefficient of thermal expansion
Cement type
Cementitious material content
Water/fcement ratio
Aggregate type
28-day PCC modulus of rupture

Level of Sensitivity for CRCP

Distresses

Paximum
Crack Width

Minimum LTE

]

A Departreact of Tranuzar

on

MODULE E RIGID PAVEMENT DESIGN | LESSON &

Fadaral Highway Administragion

This is the table continued (from the NCHRP 1-47 (RRD 372) report) that shows more
information on the factors which are most sensitive for continuously-reinforced rigid pavement

performance.
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Suggested Alterations to Pavement Design (CRCP)

Distress & IRI Modifications to Minimize or Eliminate

Crack width Build CRCP to set at lower temperature (cool PCC, place cooler
temperatures).
Reduce drying shrinkage of PCC (increase aggregate size,
decrease w/c ratio, decrease cement content).
Increase percent longitudinal reinforcement.
Reduce depth of reinforcement (minimum depth 3.5 in).
Reduce PCC coefficient of thermal expansion.

Crack LTE Reduce crack width (see crack width recommendations).
Increase aggregate size.
Reduce depth of reinforcement.

Punchouts Increase slab thickness.
Increase percent longitudinal reinforcement.
Reduce crack width over analysis period.
Increase PCC strength.
Increase erosion resistance of base (specific recommendations
for each type of base).
Minimize permanent curl/warp through curing procedures that
eliminate built-in temperature gradient.
PCC tied shoulder or widened slab.

IRI CRCP Require more stringent smoothness criteria and greater

incentives.
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Guidance for Modifying CRCP Trial Designs
to Satisfy Performance Criteria

Distress & IR

Crack width

Maodilications to Minimize or Eliminate

Bulld CRCP to set at keweer temperature (oool PCC, place cooler termperatures)

Reduca drying shrinkage of POC (increase aggregate siza, decrease wc ratio, decraasa camant
content)

Increase percent bongliudinal reinforcement

Reduce depth of reinforcement (rinmum depth 3.5 in}

Reduce PCC coeffickent of thermal expansion

Crack LTE

Reduca crack width |see crack width recommeandations)
Increase aggregate size
Reduce depth of reinforcement

®

= % % 5 =

Increase slab thickness

Incraasa parcant kongitudinad reinforcement

Reduca crack width over analysis period

Increase PCC strength

Increase erosion resistance of base [specific recommmendatiens for each type of base|

Minimize permanent curlfwiarp through curing procedures that eliminate bulit-in temperature
Eradsant

PCC tied shoulder or widened slab

1RI CRCP

Require more stringent sraothness oriterla and graater Incentives

)

U Departrreace of T

Fudarad Highway Ad
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Overarching Projects: New JPCP Pavement @

T e WGP g ratiie_Froject | - x
Gerecy rlovaton F

Oesgn hyse New Pavemert -/
Povererttpe | et Paem Corre =)
Cesgn Me (yews| Ia -

Paverrent consmeton|dre v | (203 |
Tofcoomerg  |Seetn v| (26 v

11 in.
6in.
10in.

Semi-infinite

'
J ' g MODULE E RIGID PAVEMENT DESIGN| LESSONS

tat

Fedara! Highway Administration
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- X

New JPCP_high traffic_..:Project |

General Information Performance Criteria Limit Reliability
Design type: [Ne'nr Pavement - ] g3
Pavementtype: | dointed Plain Conorete | [ Terminal IRl /mile) 160 |95
Seios s [2'] '] JPCP trangverse cracking (percent slabs) 10 55

Mean joirt faulting (in.) 0.15 95

Pavement construction{June  ~| (2016 |
(Sopen =) (206

Traffic opening:

11 in.
6in.
10in.

Semi-infinite
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Software Demonstration for Rigid Pavement @

AASHTOWare

Paveme

ME Design

Start Demonstration

New Rigid Pavement Example

[

U S Departmant o Tranezartation RIGID PAVEMENT DESIGN| LESSONS
Foders! Highway Administration
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AASHTOWare

Pvi ' Pavemes

ME Design

Start Demonstration

New Rigid Pavement Example
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AASHTOWare

Paveme

ME Design

Databese/Entenpdse Logo Ao Pavament ME Design
Open NE Dexgn s dysbase correcthon ARSHTOWere® Mechanatis- Evpncal Feverrent Desige
Copnght AASHTOWane® 2013
begt Licerse stabas Steedd (Expive at Juse 73 2014)
Passwond Veesion 20 Dalg 2019 Dute: (172520100

Instancs Reget ME Desipn %0 defeult scraen posnce

Cancael |

Select the AASHTO Ware Pavement ME Design icon to launch the software. Select OK.
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Select New.

This window will appear after the new icon is clicked on.
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Select Design Type and select New Pavement.

E5-41



Lesson 5 Participant Workbook

Slide 26

DB AN W Povmtnd AL D Mt L B SN Do 2L LKA

Select Pavement Type and select Jointed Plain Concrete Pavement.

E5-42



Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

Slide 27

T R T P
[ S ————"

L bt iy 0 g

"

-
il

Taeph oy et vt
DA Teme ¥ isarime Speen by A 0 P Utee Sete

Change Threshold Criteria and Reliability.
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Select Add Layer to build the pavement structure.

E5-44



Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

Slide 29
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bt am

| ananse

Select the appropriate base layer: A-1-b.xml.
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Select OK.
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Select Add Layer to add a subbase (A-1-b.xml).
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Select OK.
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Select Add Layer to add the subgrade (A-2-4.xml).

Lesson 5
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Select Subgrade as layer type.
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Select A-2-4.xml and select OK.

E5-51



Lesson 5 Participant Workbook

Slide 36

Now you can select each layer to adjust thicknesses and material properties. Select Layer 1
(shown on the next screen).
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Select each parameter to change its value when necessary.
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Select Cement Type to select the appropriate material.
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Select Type Il (shown on next screen).
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This screen shows Type |l selected.
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Update Cementitious Material Content and Water to Cement Ratio.
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Select Aggregate Type (shown on the next screen).
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Select Quartzite (shown on the next screen).

It should be noted that the type of aggregate is for information purposes only, changing the
input has no impact on the design. However, the type of coarse aggregate has a significant
impact on the PCC CTE value.
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This screen shows Quartzite selected.
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Select PCC Strength and Modulus.
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Change Modulus of Rupture to 723.
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Select Layer 2.
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Adjust Layer Thickness (shown on the next screen).
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This screen shows the Layer Thickness that has been adjusted.
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Select Resilient Modulus.
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Accept default values as Level 3.
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Select Gradation and Other Engineering Properties (shown on the next screen
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Accept default values.
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Select Layer 3 (shown on the next screen).

E5-70



Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

Slide 55

(v ] Mo bt Bome 3 10
-
34 1)
B
O
Fompoe 1 e
I e T

Lo iyt

Toeph oy omaiviben
FAr ame S e 8 3sa b i 5t g ae e

This screen shows Layer 3 selected.
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Adjust Layer Thickness and leave other inputs as default.
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Select Layer 4 and then accept default values.
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Select Traffic.
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Adjust AADTT values.
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Select Vehicle Class Distribution and Growth.
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Adjust Distribution (shown on the next screen).
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This screen shows Distribution that has been adjusted.
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Double-click on each Axle Distribution under the Traffic to accept the default values.

The icon next to each Distribution will turn green (shown on the next screen).

E5-79



Lesson 5

Slide 64

Participant Workbook

2

wm
o
.-
"
v
B
2
L1d
o
>
w
Lol
-
e
™
o
im

am

]
)
au
o
0
-
10
"

This screen shows the green circles next to each distribution in the Traffic.
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Select Climate.
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Select Climate Station. Then select State/Province to select a State.
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Select Utah.
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Select Weather Station and select Salt Lake City.
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Select Depth of Water Table.
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From NCHRP 1-37A Report: The water table represents the line below which soils are
completely saturated. It is measured from the top of the subgrade. Water may seep upward
from a high groundwater table due to capillary suction or vapor movements, or it may flow
laterally from the pavement edges and side ditches. Therefore, adequate side ditches with flow
lines beneath the pavement structure are necessary.

The groundwater table depth is intended to be either the best estimate of the annual average
depth or the seasonal average depth (a value for each of the four seasons of the year). At input
Level 1, it could be determined from profile characterization borings prior to design. At input
Level 3, an estimate of the annual average value or the seasonal averages can be provided. A
potential source to obtain Level 3 estimates is the county soil reports produced by the National
Resources Conservation Service.

It isimportant to recognize that this parameter plays a significant role in the overall accuracy of
the foundation/pavement moisture contents and hence, equilibrium modulus values. Every

attempt should be made to characterize it as accurately as possible.
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http://www.state.nj.us/transportation/eng/documents/RDM/sec10.shtm

Road ditches are channels adjacent to the roadway used to intercept runoff and groundwater
occurring from areas within and adjacent to the right-of-way and to carry this flow to drainage
structures or to natural waterways.

If water table is less than 5 feet below the top of the subgrade, then frost susceptibility is a
concern.

For example, if the ditch line is 6 feet, the water table is suppressed, therefore, even when the
geotech report shows the water table as 2 feet, but because of the pavement is in fill section
and the ditch line is 6 feet, then the water table depth should be 6 feet.
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This screen shows the new value for Depth of Water Table (ft).
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Select JPCP Design Properties.

It should be noted that the thickness depends on constructability. Contractors can construct
only in 0.5-inch increments. Also, the size of the dowel bars should be designed based on local
practices. JPCP that is 7 inches thick cannot use 1.5-inch dowel to negate the faulting failure.
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Select the small arrow next to PCC joint spacing to change it to 18 feet (shown on the next
screen).

E5-90



Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

Slide 74

This screen shows PCC joint spacing of 18 feet.
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Select the small arrow next to Doweled Joints to change inputs (shown on the next screen).
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This screen shows the Doweled Joints inputs.
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Select the small arrow next to Widened Slab to change inputs (shown on the next screen).
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Select True (shown on the next screen).
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This screen shows that True has been selected.
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Leave remaining values as default.
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Save the project by selecting Save. Select Run to run the analysis.
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Pavement ME Design Output

Pavement ME Design Report.

Q RIGID PAVEMENT DESIGN
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Refer to Module E Lesson 5 Handout 1: Utah New JPCP High Traffic Velume

LESSON 5

Perform an evaluation of Pavement ME Design new rigid pavement design and suggest design
alterations based on material properties, to consider and try when the pavement’s intended
service life is not met. This screen capture shows what the Pavement ME Design software pulls

up automatically in an Excel or PDF format for users.
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The purpose of the screen is to help participants interpret output from the new rigid pavement
analysis (JPCP).

The cracking predicted at reliability level (95%) failed the threshold at seven years; however, at
50% reliability, it made it to 20 years. The IRl tracks closely with the cracking although because
the faulting did not fail, the IRl threshold is exceeded much later than for the transverse
cracking.

In terms of the IRI, the minimum construction smoothness specifications can take precedence
over the starting point recommended from the MEPDG Manual of Practice for a starting point
for the IRI predictions at higher reliability levels, as in the case of flexible pavements.
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The purpose of the screen is to help participants interpret output from the new rigid pavement
analysis (JPCP), beyond just the plots to introduce again the LTE and cumulative damage output.

The cumulative damage (both bottom-up and top-down) can be observed in the output of the
Pavement ME Design software, along with the load transfer efficiency of the dowels. There is
relatively minor damage occurring from the bottom-up; however, there is a steady increase in
damage over time from the top down. The load transfer efficiency remains very good over the
life of the pavement (doesn’t dip below 90%), which is a positive performance factor for the
trial design and may further explain the minimal impact of faulting.

When comparing the top-down and bottom-up cracking trends, we can look back at rigid
pavement behavior. Basically at nighttime, the bottom portion of the surface layer is hotter than
the upper portion. This reduces the top-down FC life of the pavement. The opposite occurs
during the day. In addition, it is very dry in Utah, and as a result, the shrinkage rate at the
surface of the rigid pavement is much more pronounced than at the bottom of the pavement.
This will also accelerate the development of fatigue cracks at the surface of the concrete
pavement.
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Exercise 1: Adjusting Inputs to Increase
Pavement Performance

* Refer to Module E Lesson 5 Handout 2: Exercise 1 Small Group
Activity for New JPCP Pavement Project

* Review the tables inputs for the Utah high traffic JIPCP
pavement project

* Determine if values need to be adjusted according to the
“Sensitivity Tables” and the “Guidance for Modifying IPCP
Trial Designs to Satisfy Performance Criteria”

* Suggest a value that you consider to be appropriate to
increase the pavement performance

7 Take 15 minutes to review the given values for the new JPCP pavement
L &) project and determing if they need to be adjusted.

]
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Results: New JPCP High Traffic Volume
(Utah)

Triall Trial 2 Trial 3

. . . Y —
Distress Type Target || Original Joint spacing | Layer 1 JPCP | CTE = 5 in.fin. /°F

= 14ft  thickness = 13in X 10%-6
Terminal IR {in/fmile) 160 173.63 107.B7 116.82 107.45
Mean joint faulting fin.) 015 014 0.02 005 0.0z
JPCP ki t
o] ransverse cracking [percen 10 71.50 701 497 671

no change from  increase in distress decrease in distress
original fram original frem original

]

[T SE] S—"— MODULE E RIGID PAVEMENT DESIGN | LESSON 5
Fadaral Highway Administragion

This table shows the results of three Trials on the new design for Utah high-volume rigid
pavement

The first trial decreased the rigid pavement joint spacing down to 14-ft and the effect was that
there was improvement in all distresses, as compared to the Original.

The second trial increased the JPCP thickness to 13 inches and the effect was more pronounced
in terms of reducing distresses.

The third trial decreased the coefficient of thermal expansion CTE of the JPCP to 5.0 and the
resulting impact on distresses is nearly identical to that of Trial 1 and improved performance.

E5-105



Lesson 5

Slide 88
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RIGID PAVEMENT DESIGN | LESSON &

structure as well as the three trials described in the previous slide.

The plots indicate the amount of slab cracking predicted at 50% reliability (black line), the
threshold criteria for slab cracking (red line), and the amount of slab cracking predicted at the

specified reliability of 95% (blue line).

The results show that there is significant improvement in cracking by increasing the thickness of
the JPCP layer. A modest improvement in cracking was observed with the use of a lower CTE

value and shorter joint spacing.
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These plots show the amount of faulting (in inches) predicted for the Original JPCP pavement
structure as well as the three trials described in a previous slide.

The plots indicate the amount of faulting predicted at 50% reliability (black line), the threshold

criteria for faulting (red line), and the amount of faulting predicted at the specified reliability of
95% (blue line).

The results show that there is a slight increase in faulting when the JPCP layer thickness

increased. No change in performance was observed with the use of a lower CTE value or shorter
joint spacing.
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The purpose of this screen is to introduce the optimization function available in the pavement

ME design software. This is available for JPCP pavements only.

The optimization was performed after changing the slab width to 13 feet first. The output was
from using 8-inch PCC. The optimization function works by the user selecting a parameter to
optimize on (a layer thickness) and a range of values (max and min) to calculate the pavement
performance. The optimization ceases once all performance criteria are satisfied (all pass)
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Overarching Projects
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The purpose of the screen is to reintroduce the sample pavement project in order to set up the
software demonstration.
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4 PCC

Thickness (in.) 11
Unit weight (pcf) 145
Pgisson's ratio D2

4 Thermal
PCC cosfficient of thermal expansion (in.fin./d h5
PCC thermal conductivity (BT hr-f--deg F) 1.25
PCC heat capacity (BTU/lb-deg F) 028

a M
Cement type Type Il (2)
Cementitious material content (Ibiyd™3) h64
wiater to cement ratio 0.443
Aggregate type Quartzite (0)

» PCC zero-stress temperature (deg F) [ | Calculated

> Ultimate shrinkage (microstrain) [ ] 526.2 (calculated)
Reversible shrinkage (% 50
Time to develop 50% of ultimate shrinkage (d: 35
Curing method Curing Compound

4 Strength
PCLC strength and modulus Level:3 Rupture(723)

4 [CRCP Design
PCC surface shortwave absorptivity 0.85
Shoulder type Asphalt {2)
Permanent curl/warp effective temperature difference (deg F) -10
Steel (% 0.6
Bar diameter (in.) 0.625
Steel depth (inch) 4
Basze'slab friction cosfficient 25

» Crack spacing Generate crack spacing using prediction model

E5-113
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The properties of the slab, joints, and interaction with substrate layers is defined in the software
for the Utah sample CRCP pavement project.

The only difference between the Utah sample project and this one is that the first
demonstration was for a JPCP in Utah and this surface was simply switched to be a CRCP.
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Distress Charts
* Utah (New CRCP) — High Truck Volume

Distress Prediction Summary and

Distress & Specified Pap— o~ .
Elatnse Tyne Rslinbility Reliability (%) si:lil:r'i::lﬂn?
Target  Predicted  Target  Achieved
Taeminal IR {in.fmika} 1E0L00 141.53 2500 =59 Fass
CRCP punehauls {1imils) 10.00 24.60 9500 S04 Fai
Predicked IRT Predicted Punchout
e e ——— S i — .
. js0 24,60
- 14152 | |§ I
E T Threshaldvalue | 0 | | e il i 30| m—Thrertald Yaiue »
2 e L e r
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Pavement ME Design Report.

MODULE E

U Departmeact of Tranuzartation
Fadaral Highway Administragion

RIGID PAVEMENT DESIGN

Refer to Module E, Lesson 5 Handout 3: Utah New CRCP High Truck Volume

LESSON &

Lesson 5

The purpose of the screen is to help participants interpret output from the new rigid pavement

analysis (CRCP).

The number of punchouts predicted at reliability level (95%) failed the threshold at 14 years;
however, at 50% reliability, it made it to 20 years. The IRl tracks with the punchout trend, but

the IRl threshold is not exceeded even at 95% reliability.
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Crack Width and LTE @

Predicted Crack Width
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The purpose of the screen is to help participants interpret output from the new rigid pavement
analysis (CRCP) beyond just the plots, to introduce again the LTE and predicted crack width
output.

The crack width can be observed in the output of the Pavement ME Design software. The
average crack spacing computes at approximately 64 inches, and the crack width increases
linearly from 5 millinches (mils) to a maximum of 30 mils over the course of 10 years and then
stabilizes after 10 years of service life.

The load transfer efficiency decreases linearly after the first two years of pavement life until it
reaches a minimum level of 40% efficiency after 15 years in service.
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Exercise 2: Adjusting Inputs to Increase
Pavement Performance

* Refer to Module E, Lesson 5 Handout 4: Exercise 2 Small
Group Activity New CRCP in Utah

* Review the inputs for the Utah high traffic new CRCP
pavement project

* Determine if values need to be adjusted according to the
“Sensitivity Tables” and the “Guidance for Modifying CRCP
Trial Designs to Satisfy Performance Criteria”

* Suggest a value that you consider to be appropriate to
increase the pavement performance

[7) Take 15 minutes to review the given values for the new CRCP pavement
L &) project and determing if they need to be adjusted.

]

[T SE] S—"— MODULE E RIGID PAVEMENT DESIGN | LESSON 5
Fadaral Highway Administragion
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Results: New CRCP High Traffic Volume
(Utah)

Trial 1 Trial 2 Trial 3 Trial 4
Layer 1 CRCP
Bar diameter _ | Tied PCC | Asphalt base
Distress Type Target) Original w 6. 75in Ihk:;b:hﬂ = | choulder layer
Terminal IRI
Errina 160 | 14153 | 15899 109.46 126.52 104.45
{in.fmible)
CRCP punchouts
4 ] ] 4 g
i1/ mile) 10 24,60 33.16 774 17.07 398

no change from  Increase in distress decrease in distress
ariginal from original from original

]

LS. Departmart of Tranezastation RIGID PAVEMENT DESIGN | LESSON 5
Fadaral Highway Administragion

This table shows the results of four Trials on the new design for Utah high-volume CRC rigid
pavement

The first trial increased the CRC’s reinforcement bar diameter to 0.75 inches and the effect was
negative in that there was a marked increase in IRl and in the number of punchouts, as
compared to the Original.

The second trial increased the CRC thickness to 13 inches and the effect was more pronounced
in terms of reducing distresses, as compared to the Original.

The third trial changed from an Asphalt shoulder to a tied PCC separated shoulder and was
sufficient in decreasing the number of punchouts and the IRl and improved performance.

The fourth trial changed from a 6-inch non-stabilized base (A-1-b) to a 5-inch asphalt base. This

change resulted in a significant reduction in terminal IRl and number of punchouts compared to
the original design.
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Results: Predicted Punchouts
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Fadaral Highway Administragion

RIGID PAVEMENT DESIGN | LESSON &

These plots show the number of punchouts predicted for the original CRCP pavement structure
as well as the four trials described in a previous slide.

The plots indicate the number of punchouts predicted at 50% reliability (black line), the
threshold criteria for punchouts (red line), and the number of punchouts predicted at the
specified reliability of 95% (blue line).

The results show that there is significant improvement in decreasing the number of punchouts
by increasing the thickness of the CRCP layer. A modest improvement in the number of
punchouts was observed with the use of a tied PCC separated shoulder. However, the use of a
larger reinforcement bar diameter (0.75”) actually made the punchout problem worse and
increased the number of punchouts by about 30%.
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Results: Predicted Punchouts @
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These plots show the number of punchouts predicted for the original CRCP pavement structure
as well as the four trials described in a previous slide.

The plots indicate the number of punchouts predicted at 50% reliability (black line), the
threshold criteria for punchouts (red line), and the number of punchouts predicted at the
specified reliability of 95% (blue line).

The results show that there is significant improvement in decreasing the number of punchouts
by increasing the thickness of the CRCP layer. A modest improvement in the number of
punchouts was observed with the use of a tied PCC separated shoulder. However, the use of a
larger reinforcement bar diameter (0.75”) actually made the punchout problem worse and
increased the number of punchouts by about 30%. Substituting 6 inches of the non-stabilized
base (A-1-b) with a 5-inch asphalt layer significantly decreased the predicted number of
punchouts.
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Rehabilitation of Rigid Pavements

U3 Departmest ol Trsnparistion MODULE E RIGID PAVEMENT DESIGN | LESSONS 99
Foders! Highway Administration

The purpose of this screen is to transition to the section on pavement rehabilitation design of
rigid pavements.
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Software Demonstration for Rigid Pavement @

AASHTOWare

Paveme

ME Design

Start Demonstration

Flexible Overlay over a Jointed Rigid
Pavement Example

[

U S Departmant o Tranezartation RIGID PAVEMENT DESIGN| LESSONS
Foders! Highway Administration
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AASHTOWare

Pv ' Pavemesg

ME Design

Start Demonstration

Flexible Overlay over a Jointed Rigid
Pavement Example
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Select Project Type. Then, select AC over JPCP (shown on the next screen).
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This screen shows the AC over JPCP pavement type selected.
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Change Performance Criteria limit and reliability.
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The reliability was changed from the default to a more suitable reliability value for a
freeway/interstate, functionally classed roadway. It should be noted as well that the maximum
reliability that one can place on AC total cracking (reflective + bottom-up) is 50% reliability,
which is a limitation of the software at this time with the placeholder reflective cracking model.
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Select the Existing Construction month to change it.
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Select Add Layer (shown on the next screen).
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This screen shows the information that pops up when Add Layer is selected.
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Select A-1-a.xml and then select OK.
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Select Add Layer.
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Select Layer Type to change it to Subgrade.
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Select A-6.xml and Select OK.
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Select Layer 1 (shown on the next screen).

E5-138



Module E: Mechanistic Empirical Pavement Design Guide Lesson 5

Slide 113

MW Pttt A Soag mannon 10 it 12104 Tnte seai i

[T,
2 -

{4 e e vy e
|4 b0 Ao T30 CwOR T
| e smra p

g8 % 55550

§¥ o ancrg - beeoe. - wlecrve peoen
1P e cackrg e s

Bahowrce weper s i F)
i

T b
Thackwss ¥ 16 Matst CON0We e
Mo

Select Thickness to adjust it. Select the other properties to adjust them as well.
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Select Asphalt Binder (shown on the next screen).
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This screen shows the information that pops up when Asphalt Binder is selected.
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Select 64-28 (shown on the next screen).
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Select Layer 2.

E5-143



Lesson 5 Participant Workbook

Slide 118

AAGOW Postnat W Sosgh wasisn 10 Bt 1300 Taae

) (SR ——
e ——ae
gi’mw'ﬂ o 3 - Marven Doy
|7 v g ot s

(1T

L oo o ol mcamem im b iseg ¥ » 04
[ L

UL b ity (570 g

T

“w
ye

EEE B

Sannt e
Canennson “enes s Bt S
v -

2
i

TNs e cem——
B e R e

Adjust Properties (shown on the next screen).
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This screen shows the adjusted properties.
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Select PCC Strength and Modulus (shown on the next screen
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Update value to 700 psi (shown on the next screen).
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Select Layer 3.
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Select Layer 4 (shown on the next screen).
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Select Traffic (shown on the next screen).
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Select AADTT (shown on the next screen).
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Select Adjust Distribution (%) (shown on the next screen).
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Double-click on Single Axle Distribution to accept default values.
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Double-click on the Other Distributions to accept default values (shown on the next screen).
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Select Foundation Support (shown on the next screen).
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Select the small arrow next to Modulus of Subgrade Reaction (shown on the next screen).

There are input options for directly inputting the falling weight deflectometer (FWD)
backcalculated data for the existing pavement foundation support. This is something that can be
used as part of a rehabilitation design.
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Select JPCP Design Properties (shown on the next screen).
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Select AC Layer Properties (shown on the next screen).
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Select JPCP Rehabilitation (shown on the next screen).
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Change values (shown on the next screen).

One of the important inputs when describing the condition of an existing concrete prior to
repair is to identify the percentage of cracks prior to repair and also the percentage of cracks
still left after repairs have been made. This sets the appropriate starting point for the
degradation rate used as part of the pavement performance prediction models.
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Select Climate.
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Select Climate Station (shown on the next screen).
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Select State/Province (shown on the next screen).
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Select IN. Then select Weather Station (shown on the next screen).
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Select Indianapolis.
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Select Depth of Water Table (shown on the next screen).
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Change value to 10 (shown on the next screen).
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This screen shows the value as 10.
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Save the project by selecting Save. Select Run to run the analysis.
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The demonstration shows that the analysis is underway on the right-hand side of the screen,
and as the software runs, each portion first turns from a red square to a yellow triangle to a
green circle sequentially as it progresses fully through the analytical engine.
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Analysis progress is shown on the right-hand side of the screen.

When the analysis is complete, the software will generate the output (PDF and Excel).
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Software Demonstration for Rigid Pavement @

~

3]

AASHTOWare

Paveme' |
ME Design

End Demonstration

Flexible Overlay over a Jointed Rigid
Pavement Example

R

U S Departmant o Trmezar tatizn RIGID PAVEMENT DESIGN| LESSONS
Foders! Highway Administration
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Distress Type Reliabilit Satinfed?
Target Prodicted  Target  Achieved
Tormingd R fin.mike) 160.00 14244 8600 a7 Pass
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Total Cracking (Redective + Algator| (percent) 15 LA 24 . S
AC farral cracking (imie) 20000 243,13 W00 100 00 Dans
JPCP rasaserse crocking (pescent slats) 1000 492 e5.00 556 P
AC tetcm-up faligue cracking (percent) 1000 188 9500 10000 Peas
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Refer to Module E Lesson 5 Handout 5: Indiana JPCP with a Flexible Overlay
Pavement ME Design Report.

e MODULE E RIGID PAVEMENT DESIGN| LESSONS

U S Departmmet of Transpartstion

Foders! Highway Administration

The purpose of the screen is to help participants interpret output from the rehabilitated rigid
pavement (JPCP) with a flexible overlay.

The AASHTO Joint Task Force on Pavements has made the reflective cracking model as a top
priority for implementation and improvement in the future versions of the Pavement ME Design
software in the next coming years.
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JPCP over JPCP (Indiana) @
! Layer type Material Type | Thickness (in.):
pCcc JPCP Default 8.0
{ Ouck deve 30 o) Lyear 1PCC K”;@g‘ | =
& "-'}‘-AM.; o B o BT [Fiexible CD:'::""‘:"”“" 20
z Stabilized Existing JPCP 8.0
NonStabilized |A-1-a 6.0
Subgrade A6 Semi-infinite
Joint Design: Age (vear) Heavy Trucks
Joint spacing () |15.0 {Chmuatvel
PRAINY. : 2016 (initial) 5,890
Dowel diameter (in.) [1.25 2026 (10 years) | 10,987,900
Slab width (ft) 12.0 2036 (20 years) | 24,880,000

’ Refer to Module E Lesson 5 Handout 6: Indiana JPCP over JPCP Pavement ME
‘ Design Report.

R

U3 Departmest i Tronasarntation MODULE E RIGID PAVEMENT DESIGN | LESSONS
Fodars! Highway Administration

The purpose of the screen is to introduce the analysis of a rigid (JPCP) overlay of an existing
jointed rigid pavement.

The schematic shows the structure, and the tables show the design features and traffic
summary for the sample pavement project from Indiana.
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Exercise 3: JPCP over JPCP (Indiana)
Distress Summary and Charts

Distrass & Specilid

Raliability

Criterion
Sateslled?

)

U Departmeact of Tranuzartation
Fadaral Highway Administragion

MODULE E

RIGID PAVEMENT DESIGN

Target Predicted  Target Achieved
Tareninal IR1 (i mia) 150,00 19783 85,00 77.58 Fail
Wlman jaint faiting (in.) 015 RE} B5.00 P41 Fan
JPCF transwerss cracking (percent slabs) 10.00 14 54 B5.00 H2.32 Fail
Peedicted TRT Predicted Cracking PCC
20 _ i
208 H_:_'B - 14.54
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=3 H H & [ i 11 44 18 18 8 ] 4 _*-. 8 0 1 M o ® 3
Fausment Ags [yeanr) P arwamest &pe [yeies)
=7 Inthree minutes, what is one change that would improve the

£ & performance in terms of IRl or predicted cracking in the JPCP overlay?

LESSON &

Lesson 5

The purpose of the screen is to help participants interpret output from the rehabilitated rigid
pavement (JPCP) with a rigid (JPCP) overlay.

The analysis predicted shows that although the faulting does not appear to be a problem, the
percent slabs cracked and smoothness are both exceeding the performance criteria at the 95%

reliability level.
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JPCP over JPCP (Indiana)
PCC Cumulative Damage and LTE
Predicted PCC Cumulative Damage
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[T SE] S—"— MODULE E RIGID PAVEMENT DESIGN | LESSON 5
Fadaral Highway Administragion

The purpose of the screen is to help participants interpret output from the rehabilitated rigid
pavement analysis (JPCP) beyond just the plots, to introduce again the LTE and cumulative
damage output.

The cumulative damage (both bottom-up and top-down) can be observed in the output of the
Pavement ME Design software, along with the load transfer efficiency of the dowels. There is
relatively minor damage occurring from the top-down; however, there is a steady increase in
damage over time from the bottom-up. The load transfer efficiency remains very good over the
life of the pavement (doesn’t dip below 90%), which is a positive performance factor for the
trial design and may further explain the minimal impact of faulting.
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&

Layer type Material Type | Thickness (in.):
- = . PCC CRCP Default 80
B o W Flexible S:r::‘r’;";""‘“ 20
; Stabilized Existing JPCP 8.0
NonStabilized |A-1-a 6.0
Subgrade A8 Semi-infinite
Steel Reinforcemment: Heavy Trucks
Steol (% 060 Age (year) (cumulative)
. : 2016 (initial) 5,890
Bar diameter (in.) 0.63 2026 (10 years) | 10,987,900
Steel depth (inch) 4.00 2036 (20 years) | 24,880,000

Design Report.

;|
Q

US Departmmet of Tranepo

ham
Foders! Highway Administration

MODULE E

RIGID PAVEMENT DESIGN

Refer to Module E Lesson 5 Handout 7: Indiana CRCP over JPCP Pavement ME

LESSON 5

Lesson 5

The purpose of the screen is to introduce the analysis of a rigid (CRCP) overlay of an existing

jointed rigid pavement.

The schematic shows the structure (including the thin asphalt lift used as a bond breaker

between the existing JPCP and the CRCP OL), and the tables show the design features and traffic
summary for the sample pavement project from Indiana.
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CRCP over JPCP (Indiana)
Distress Summary and Charts
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LESSON &

The purpose of the screen is to help participants interpret output from the rehabilitated rigid

pavement (CRCP) with a rigid (JPCP) overlay.
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CRCP over JPCP (Indiana)
Crack Width and LTE
Predicted Crack Width
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Lesson 5

The purpose of the screen is to help participants interpret output from the rehabilitated rigid
pavement analysis (CRCP), beyond just the plots, to introduce again the LTE and crack width.
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Learning Outcomes Review @

You are now able to:
* Perform an evaluation of a completed Pavement ME Design
new rigid pavement design

* Perform an evaluation of a completed Pavement ME Design
rehabilitation rigid pavement design

]

UL Dipirbra o Traraporistion MODULE E RIGID PAVEMENT DESIGN | LESSON &
Eadarsl Highway Administragion
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Appendix A: Acronyms

The following are acronyms referenced throughout the course that are important agencies or
organizations:

Acronym Proper Name
AASHTO American Association of State Highway and Transportation
Officials
ACAA American Coal Ash Association
ACl American Concrete Institute
ACPA American Concrete Paving Association
Al Asphalt Institute
ASTM American Society for Testing and Materials
AWS American Welding Society
CFR Code of Federal Regulations
DOT U.S. Department of Transportation
EPA Environmental Protection Agency
FHWA Federal Highway Administration
NACE National Association of Corrosion Engineers
NAPA National Asphalt Pavement Association
NCAT National Center for Asphalt Technology
NCHRP National Cooperative Highway Research Program
NEPCOAT North East Protective Coating
NHI National Highway Institute
NRC National Recycling Coalition

Appendix A-1
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NRMCA National Ready Mixed Concrete Association

NSA National Slag Association

NSBA National Steel Bridge Alliance

NTPEP National Transportation Product Evaluation Program
OSHA Occupational Safety and Health Administration
RCSC Research Council on Structural Connections

SSPC Society for Protective Coatings

TRB Transportation Research Board

USGS U.S. Geological Survey
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Appendix B: Resources

Additional information regarding Module E can be found in the following sources.

ME Design: http://me-design.com

FHWA Design Guide Implementation Team:
http://www.fhwa.dot.gov/pavement/dgit/dgitwork.cfm

American Association of State Highway and Transportation Officials (AASHTO) Guide for
Design of Pavement Structures, 4th Edition with 1998 Supplement, Washington, D.C.,
1993.

American Association of State Highway and Transportation Officials (AASHTO)
AASHTOWare™ Pavement ME Design, Version 2.0, January 2014.

American Association of State Highway and Transportation Officials (AASHTO)
Mechanistic-Empirical Pavement Design Guide, Interim Edition: A Manual of Practice,
Washington, D.C., 2008.

American Association of State Highway and Transportation Officials (AASHTO) “Standard
Specifications for Transportation Materials and Methods of Sampling and Testing” and
AASHTO Provisional Standards, 33rd Edition, 2013.

Applied Research Associates, Inc., Guide for Mechanistic-Empirical Design of New and
Rehabilitated Pavement Structures, National Cooperative Highway Research Program
Project 1-37A, Transportation Research Board, National Research Council, Washington,
D.C., 2004, http://onlinepubs.trb.org/onlinepubs/archive/mepdg/guide.htm.

Schwartz, C., Li, R., Kim, S., Ceylan, H., and Gopalakrishnan, K., Sensitivity Evaluation of
MEPDG Performance Prediction, National Cooperative Highway Research Program
Research Results Digest, RRD 372, National Research Council, Washington, D.C., 2013.

Zapata, C., Lopez, N, Cary, C., and Torres, G., Arizona State University Soil Unit Map
Application®, Arizona State University, 2011, http://nchrp923b.lab.asu.edu/

American Society for Testing and Materials (ASTM) Annual Book of ASTM Standards,
available from ASTM, West Conshohocken, PA, 2013.

Federal Highway Administration, Design Guide Implementation Survey, U.S. Department of
Transportation, Washington D.C., 2003, https://www.fhwa.dot.gov/Pavement/dgit/dgitsurvey.pdf.
Florida Department of Transportation, Flexible and Rigid Pavement Design Manuals, 2008

and 2009, Gainesville, Florida, http://www.dot.state.fl.us/rddesign/PM/publicationS.shtm.
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Florida Department of Transportation, Standard Specifications for Road and Bridge
Construction, 2010,
http://www.dot.state.fl.us/specificationsoffice/Implemented/SpecBooks/2010BK.shtm.

Indiana Department of Transportation, Section 400 Asphalt Pavements, Standard
Specifications, 2012, http://www.in.gov/dot/div/contracts/standards/book/sep11/4-

2012.pdf.

Indiana Department of Transportation, Section 500 Concrete Pavement, Standard
Specifications, 2012, http://www.in.gov/dot/div/contracts/standards/book/sep11/5-

2012.pdf.

Indiana Department of Transportation, Section 900 Materials Details, Standard
Specifications, 2012, http://www.in.gov/dot/div/contracts/standards/book/sep11/9-

2012.pdf.

Indiana Department of Transportation, MEPDG Pavement & Underdrain - Design Elements,
Chapter 304, Section 52, October 2013,
http://www.in.gov/indot/design _manual/files/Ch52 2013.pdf.

Hall, K.T., Darter, M.l., Khazanovich, L, and Hoerner, T.E. Validation for Guidelines for k-
Value Selection and Concrete Pavement Performance Prediction. Report No. FHWA-RD-
96-198. Federal Highway Administration: Washington, D.C., 1997.

Larson, G. and Dempsey, B.J. Enhanced Integrated Climatic Model (version 2.0). University
of lllinois at Urbana-Champaign. Urbana, IL, 1997.

McCarthy, L., Gudimettla, J., Crawford, G., Guercio, M., and D. Allen, “Impacts of
Variability in Coefficient of Thermal Expansion on Predicted Concrete Pavement
Performance”, Journal of Construction and Building Materials, Volume 93, 15 September
2015, Pages 711-719.

McCarthy, L. and Bennert, T., Comparing HMA Dynamic Modulus Measured by Axial
Compression and IDT Methods, NCHRP Project 9-22B Final Report, National Research
Council, 2012, http://onlinepubs.trb.org/onlinepubs/nchrp/docs/NCHRP0922B FR.pdf.

Moulthrop, J., and Witzcak, M., A Performance-Related Specification for Hot-Mixed
Asphalt. NCHRP Report 704, Transportation Research Board, National Research Council,
Washington D.C., 2011.

Moulthrop, J., James, M., Witczak, M., Jeong, M., McCarthy, L., and D. Mensching, Evaluation of the
Quality Related Specification Software (QRSS) Version 1.0. NCHRP Project No. 9-22A Final Report,
Transportation Research Board, National Research Council, 2012This page was intentionally left blank
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