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1.0 BACKGROUND AND PROBLEM STATEMENT

The Mechanistic-Empirical Pavement Design Guide (MEPDG) that will become the new
AASHTO design standard for flexible and rigid pavement design represents a significant shift in
design philosophy and complexity over existing procedures. As state agencies look toward full
implementation of the new design system, there are a number of critical needs that must be
addressed. In an earlier research study (Timm et al., 2010) for the Alabama Department of
Transportation (ALDOT), five key areas were identified for implementation of the MEPDG.
The areas were:

1. Training in the MEPDG.

2. Executing parallel designs using the existing and new methodologies.
3. Development of a material reference library for MEPDG.

4. Development of monthly, vehicle class, and axle load distributions.
5. Local calibration.

While each of these areas is critical to successful implementation, training was identified as an
important first step to help transition between the existing methodology (AASHTO 1993 Design
Guide) and the MEPDG. It was originally conceived that training would focus on the MEPDG
program itself. However, the full AASHTO Ware version (DARWiIn-ME V2.0,) was not
expected to be available until April 2011. In the meantime, it was important to begin the
transition process by providing training to pavement design engineers in the new design
philosophy. This is critical since it is expected that DARWin-ME V2.0 will be very much a
“black box.” This is certainly the case for the existing form of the software (MEPDG V1.0).
Though a “black box” is needed to expedite design on a day-to-day basis, it is critical that
pavement designers fully understand the new design approach, its capabilities and limitations.
This will lead to a much better understanding and more efficient use of the new design system
once it is released. To that end, it was proposed that a “Introduction to M-E Design” short
course be developed and delivered to ALDOT.

2.0 OBJECTIVES AND SCOPE OF WORK

The objective of this project was to develop a short course that covers fundamentals of M-E
design. The course presented the generic M-E design framework, provided technical information
relating to each component of the framework and featured hands-on applications in working with
relevant computer programs and data sets.

3.0 COURSE DESIGN

The course was designed to cover a broad spectrum of topics relevant to M-E design.
Discussions with ALDOT concluded in planning for eight hours of classroom instruction. Table
1 provides the course overview. The full set of course notes, developed in PowerPoint format
and provided to each participant as a spiral-bound notebook, are provided in Appendix A of this
report. It should be emphasized that a number of hands-on computer activities were included in
this course. These included using pavement design software (WESLEA, KENSLABs and
MEPDG) in addition to web-based applications (Alabama Traffic Data GIS website) and Excel.
Additional instructors were present during the hands-on activities to facilitate interaction with the
computer programs by participants.
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TABLE 1. M-E Design Course Modules

Module Hours Topics
Current AASHTO Method
1 — Current State of Practice 0.5 Current ALDOT Procedures
Limitations of Current Procedures
Advantages
2 — M-E Design Overview 0.5 Framework and Key Components

Overview of Existing Procedures
General Theory
3 — Stresses in Pavements 2 Flexible - WESLEA (computer activity)
Rigid - KENSLABs (computer activity)
Soil and Unbound Materials

4 — Material Characterization 1 HMA
PCC
Load Spectra
5 — Traffic Characterization 1 Data Sources and Data Handling

ALDOT Traffic (computer activity)
Role of Transfer Functions in M-E
Miner’s Hypothesis

1 Common Transfer Functions

Need for Local Calibration

Local Calibration Procedures

7 — Introduction to the MEPDG Software and Examples (computer

MEPDG activity)

6 — Transfer Function and
Damage Accumulation

4.0 COURSE DELIVERY AND REVIEW

Based upon mutual agreement, the course was held in the Auburn University Brasfield and
Gorrie classroom (Figure 1) in Harbert Engineering Center on December 2-3, 2010. There were
32 course participants. These included staff members from the ALDOT Materials and Tests
Bureau, Construction Bureau, Maintenance Bureau, Traffic Management, Research and
Development Bureau and engineers from each of the nine ALDOT divisions. Additionally, two
representatives from the asphalt and concrete industry attended.

At the conclusion of the course, participants completed a review form. The results are
summarized in Figure 2 while a copy of the form is provided in Appendix B. Based on the
average scores, it appears that the educational objectives of the course were met. The two lowest
scores were obtained in the areas of understanding the material and how it applies to their work.
It is not surprising these scores would be lower as this was the first offering of this introductory
course. Better understanding and application will come with further exposure to M-E design.
Future training opportunities using the DARWin-ME program that focuses on ALDOT policies
toward using this software should reinforce the foundational understanding developed by this
course. Though these scores were the lowest, they were on average above the “neutral” rating.
The remaining average scores were all between “agree” and “strongly agree”.

Participants were also given the opportunity to provide written feedback on the course evaluation
form. Comments regarding course duration were common. It was suggested that it be extended
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to perhaps a 12 or 16 hour course. Additional commentary pertained to providing future training
once DARWin-ME is released and perhaps providing module-specific training (i.e., traffic,

materials, design, etc.)

m' W
= '

Figur 1 MEPDG Short Course in Brasfield and Gorrie Classroom.
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FIGURE 2 Course Review Summary Scores.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

Based upon feedback received from course participants, the educational objectives of this M-E
short course were achieved. It is recommended that future offerings be extended to a 1.5 day
format. These offerings could be managed through the Auburn University T? center with
attendance open to ALDOT, consultants and contractors. Future courses should be developed, in
cooperation with ALDOT, related to DARWIin-ME when it becomes available. These may be
module-specific courses, or comprehensive training in the entire computer program.

ACKNOWLEDGEMENTS
The authors wish to thank the Alabama Department of Transportation for their support and
participation in the M-E short course.
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APPENDIX A - PARTICIPANT NOTEBOOK MATERIALS
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Current Rigid Pavement
Design Method
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Current Method Based on AASHO Road Test

HRB, 1962 Figure 1. Looking east, Loops 5 and 2 in foreground.
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Figure 16. Embankment construction, loop 1, using rotary speed mixers lo process and adjust moisture content of soil.
Area in foreground is long transition between construction blocks where turning movements of equipment were made.

HRB. 1962 Note step-over pattern used by rollers.
’

FUANMABLE FUTaT™

igure 92. Automatic batch-type plant used to produce binder course mixture;

HRB, 1965 dryers in tandem.
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'y — 1/2" PER FT. SLOPE
3" CRUSHED STONE SHOULDERS —

IMINOUS CONCRETE 1 1/2" CROW:!

- 24— /e 7 - 13 ~: ™
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ECREEY 121
e .
\\ f— 4 1/3: 1 SLOPE —\
\ L_ 3: 1 SLOPE - LoOP 1 —
GUANULAR SUBBASE - \— UNIFORM A-6 SOIL EMB.

Figure 30. Typical flexible pavement cross-section in test tangents.
HRB, 1962
TABLE 6 . EEEPR TP

DETaiLs oF BITuMiNoUus SURFACING

Surfacing Binder Surface
Thickness Course Course
(in.) (in.) in.)

Max Thickness
6 inches

| ] 15, 115 144

AASHO Rigid Pavements

» Concrete Mix Design
— 564 Ib/yd3
—0.47 wic ratio
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Maximum Aggregate Size
Parameter
1.5 inch 2.5 inch
Mean slump (inches) 2.7 2.5
Mean air content (%) 4.2 2.7
Mean cement content 571 572
http://training.ce.washington.edu/wsdot/ g
1.5 inch 2.5inch
Age
Compressive Flexural Compressive Flexural
Strength (psi) Strength (psi) Strength (psi) Strength (psi)
3 days 2860 550 2670 510
7 days 3780 630 3560 620
14 days 4004 068 2966 020
21 days 4250 710 4130 660
1 year 5990 880 L5580 790
2 years 6155 873 5818 787

10
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AASHO Rigid Pavements
« Jointed Plain and Jointed Reinforced
« 15 ft joint spacing
Loop No. Thickness (in.) | Thickness (in.) (Diameter x Length)

. 2.5 0, 6.0 3/8" x 12"

« With Dowels S e

9.5 0, 6.0 11/4" x 18"

12.5 0, 6.0 1 5/8" x 18"

2.5 0, 2.0, 6.0 3/8" % 12"

2 3.5 0, 3.0, 6.0 1/2" x 12"

5.0 0, 2.0, 5.0 5/8" x 12"

3.5 3.0, 6.0, 9.0 1/2" x 12"

3 5.0 3.0, 6.0, 9.0 58" % 12"

6.5 2.0, 6.0, 9.0 7/8" x 18"

8.0 3.0, 6.0, 9.0 1" x 18"

5.0 3.0, 6.0, 9.0 58" % 12"

4 6.5 2.0, 6.0, 9.0 7/8" x 18"

8.0 3.0, 6.0, 9.0 1" x 18"

9.5 3.0, 6.0, 9.0 11/4" x 18"

6.5 3.0, 6.0, 9.0 7/8" x 18"

5 8.0 3.0, 6.0, 9.0 1" x 18"

9.5 3.0, 6.0, 9.0 11/4" x 18"

11.0 3.0, 6.0, 9.0 13/8" x 18"

8.0 3.0, 6.0, 9.0 1" x 18"

6 9.5 3.0, 6.0, 9.0 11/4" x 18"

11.0 3.0, 6.0, 9.0 13/8" x 18"

12.5 3.0, 6.0, 9.0 15/8" x 18"

X

HRB. 1962 Figure 95. Depositing mixture in paver from outside shoulder.

11
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e
s

HRB, 1962 Figure 108. Placing straw for curing concrete.

Figure 23. Test vehicles, showing typical axle arrangements
gL £

HRB. 1962 and loadings.
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TR T A e T A
“ “L.‘j"

w - . B = T st Texy > - ;:Ev‘"\ﬁ-s s T
Figure 26. During periods of adverse weather traffic operations were governed by
safety considerations. Snow and ice conditions usually resulted in operating at reduced

HRB, 1962 speeds.

Figure 43. Nuclear density measuring device, used
primarily on crushed stone base course.

HRB, 1962

13
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s
P e % o : S
= 8 2 o ) ; }
e A Ak N~ 3
" e N s e A e i,
HRB, 1962 Figure 31. Transverse profilometer.
s

Figure 32. Measuring pavement deflection with Benkelman

HRB, 1962 beam.

14
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HRB, 1962 Figure 44. Shell Oil Co. pavement vibrator.

5 =
Very Good
Acceptable ? ;7
Good
Yes 3=
Fair
No 24-
Undecided sl -Poor
Very Poor
-
Section Identification Rating
Rater Date Time Vehicle
Figure 1-F. Individual present serviceability rating
form.
HRB, 1962
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Rigid Pavement Design Curves
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Figure 116. Rigid pavement performance curves from Road Test equation,
HRB, 1962 experiment design 1, for p = 2.5.

Flexible Pavement Design Curves

THICKNESS INDEX = 0. 440, + 0.140,4 0110y
(-] SURFACING THICKNESS INCHES (2 IN, WM |
~BASE THICKNESS, INCHES (3N, MiNmUM) |
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A0 e e 0 D RS e
3 10 100 1,000
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i 5 in factorial riment, relationship between design and axle load
lHRB, 19621"‘““ o Maa:nli‘:a?i:::g ::‘:: 1.5 (from Road Test equations).
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Major Disadvantages of Current System

1 soil type

1 climate

Limited pavement cross-sections
— Max HMA thickness = 6”

Limited traffic

— Repetitions

—Volume

— Axle Types

One set of materials
Can only predict APSI

Virtually every pavement design
we conduct today is an EXTRAPOLATION!

Extrapolation can Lead to Overly Conservative Designs

25

20 A

15+

10 +

HMA Design Thickness, in.

Subgrade Soil (Mr = 5000 psi)

0
1,000,000 10,000,000 100,000,000 1,000,000,000

ESALs
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Mechanistic-Empirical Pavement Design

Log ¢
A

A 4

Log N

Traditional M-E Design

Load Configurations

v

\ 4

Material Properties = Mechanistic Model Stress, Strain, Deflection

}

A

Layer Thicknesses 1 ka
a N = kl —_—
&
ves D>1?
D<<1? N Miner’s Hypothesis
n
D=>—
No N
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Material Characterization

* More sophisticated

» Represent in-place properties of ALL materials
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Performance Characterization
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Rutting Comparison — Test Track
25
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Final IRl — Test Track
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Advantages of M-E Design

Less reliance on road tests

Able to handle changes better

Better characterization of materials and traffic
Capable of predicting modes of distress

More efficient pavement designs

Pavement Mechanics

Load Configurations

v

Stress, Strain, Deflection

}

Material Properties = Mechanistic Model

Layer Thicknesses 1 ka
a N = kl —_—
&
Yes D>19
D<<1? N Miner’s Hypothesis
n
D=>—
No N
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Flexible Pavement

Surface Course

Subbase Course (Optional)

Subgrade (Existing Soil)

Surface
i Bage

Subbase

7 Longitudinal—

Joint

Surface Course
Base Course (Optional)

Subbase Course (Optional)

Subgrade (Existing Soil)

Load

Rigid i’avement
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Modeling Techniques

« Simple equations
— Boussinesq
— Westergaard

» Layered Elastic Analysis (Flexible)
— WESLEA for Windows

» Finite Element Analysis (Rigid)
— KENSLABSs

Asphalt Pavement Example —

Determine AC thickness to withstand 10 million load repetitions

=1

Asphalt

Aggregate Base

Subgrade

25
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Design Results
Trial H1, in. Dfatigue Drutting
WESLEA for Windows
Structure
Loads
Locations View Results SIS Customary

Input Dutput Units

Help

=o)X

N

© Windows

Version 3.0

WESLEA
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Input Structure

Structural Information (F1 for Help) == x|
MNumber of Layers
’7(‘ 2 3 ¢4 O35
—Layer1 —Layer2 —Layer 3 —Layerd——— —Layerhb

Material Type A = ETHE N e [sar =]
Min Modulus, psi 80000 500D 3000 3000 3000
Layer Modulus, psi |snnnnn |2nnnn |1znnn |1znnn |1 2000
Meo Modulus, psi 2000000 50000 30000 30000 30000
Poisson's Ratio ID 35 ID 4 IU-45 IU-45 ID 45
Mir - hax 015- 04 03- 045 0z - 05 02 - 05 02- 05
ThiEaess, |1 |999 |999 |999 | Infinita

Slip 0 or 1) |1— [ [ i

1 = Full Adhesion

0 = Full Slip
Cancel |

Input Loads

Loads (F1 for Help) - =] x|

Loading Canfiguration

I T T

" Single  Tandem  Tridem & Stear  Other
Total Number of Load Applications I'IDDD
—Mumber of Loads in Canfiguration———— Load Control

MNurnber of Loads I1
Load number 1 of 1 total loads. Pravious Load |

—Location Data Load Data
Uniform?
# |0 in. Load Magnitude I 5000 Ib
v [0 in. Tire Pressure v 100 psi

Ok Cancel |
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Input Evaluation Locations

Evaluation Locations {F1 for help)

—Location Identifier

MNumber of Locations |2

Location number 1of

2total locations.

v Standard Locations?

Location Control

=10 %]

Frevious Location |

Plan View

lx—-Y

—Location Data

Layer I1 * ID

in. v | in.

OK |

Profile View
l Y
z

Cancel |

View Output

Weslea Output (F1 for Help) _ =]
r— Location |dentifier Location Data. Location Contral Plan View
MNumber of Locations 2 Layer bt Ad Z Mext Location
i [ 0 5 = s
Lacation nurmber Tof 2 Erevious Location
in in. in, Profile View
 Model Output l 230
z
= Y Z Sign Conwvention |
Normal Stress (psi) |—1 56.06 |—1 56.06 |13.24
Favement Life
Ml M Sisin |—212.14 |—21 214 |244.a7 Number of Loads
Applied Allovwed Darnage
E 0 0 11.94
Displacement (milli-in]) I I I Relioue |1UUD I1038392 IU—
G = < Futting |1uuu |413?251 o
Shear Stress  (psi) IE| IE| IE| >
iew Transter Functions
(0] Export Data |

28



Timm and Turochy Introduction to M-E Design Short Course — Final Report

Sign Convention

Positive Stress and Displacement Sign Convention x|

Positive
Stresses

: )
: 17 zy
: Ty
i T TE"X

! Positive
Displacements
: u

J w1,

Help Files

Help Topics: WESLEA for Windows Help 2l x|

Contents | indsx | Find |

Click a topic, and then click Display. Or click another tab, such as Index.

':ﬂl Problem Setup
General procedure in WESLEA for Windows
Changes in MNew Versian

1] Input

Close | Erint... Cancel
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KENSLABs
e

Data Path: |E:\KENPA\I"E\ j Filename: |SLA1 DAT ﬂ

KENPAVE

A Computer Package for

Pavement Analysis and Design

Developed by Dr. Yang H. Huang, P.E.
Asphalt Professor Emeritus of Civil Engineering

Canorete
Universi‘ty of Ken‘[uck}f
LAYERINP Lexington KY 40b06-0281 SLABSINP
KENLAYER Click help for information on the use of this Main Screen. KENSLABS
LGRAPH HELP ‘ EDITOR EXIT L%%"ESEL‘;E‘ CONTOUR SGRAPH

Example — Temperature Effects

SLAl.dat
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SLABSINP

Main Menu of SLABSINP
File General Curling Slab  Uniform Raft  Optional  Foundation Adjust  Joint  Damage

SLAT dorme  input input  default default  input input default default default
(" DataSet 2 Save ‘ Save As | Exit ‘
Yes

(1) This is the Main Menu of SLABSTHP for creating or editing data A
files. This menu appears when the SLABSIHP bhutton on the Main Screen of
KEHPAVYE is clicked. The data is divided into groups and can be found by
clicking the appropriate menu. Always start from the left menu to the
right bhecause data entered in the left menu may affect the type of form
and the default values in the right menu. For example, the mamber of =lab
layers (HLAYFR) in 'General' menu and the weight of slab (HHT)in 'Curling'
menu will dictate the number of rows and columns in 'Slab\Properties'. If
the default HLAYER = 1 and HWT = 0 are used, only layer 1 with Poisson's
ratio (PR} and Young's moduolus {(¥YM) will appear. If HLAYER = 2 and HWT =
1, then two layers with an additional column of unit weight {(GAMA) will be
shown. When you finish reading this page, you can use the scrollbar or
the PgDn key to read down the page.

{2} Below each menu is a label showing 'input' in red or 'defaunlt' in
bhlue. The red lahel indicates that you must click the memu to supply some
of the data, while the hlue label implies that the defaunlt ralues have
heen provided g0, if yvou want to use the defaults, there is no need to
click the menu. 0f course, you can always click the menu to see what the .,

Print

General Information

General Information of SLABSINP for Set No. 1
TITLE| [EX. 1: CURLING OF SLAE ON LIQUID FOUNDATION WITH FULL CONTACT

Type of foundation [D=liquid, 1=solid. 2=layer] [NFOUMD]|D Default options are shown by the
D amage analyziz [0=no, 1=PCA criteria, 2=user specified] [NDAMA)(0 black dots. If not true, please
- click the other button.
MNumber of periods per year [NPY]1
Mumber of load groups [MLG][1 ; .
i
Number of slab lapers [NLAYER] [1 lltn Wil ot
{* without uniform load

Bond between two slab lapers (0=unbonded, 1=bonded) [NBOND] |0
Mumber of slabs (NSLAB) 1 with temperature gradient
Mumber of joints _ (NJOINT) |0 o and/or checking contact
Modal number for checking convergence [MNCK])|1 ot (emerels et
Mumber of nodes for slles_s printout [MPRINMT](D . and/or checking contact
Mumber of nodes on X axis of symmetiy [NSX] |7
MNumber nf_node? on Y axis of symmetry [N5Y]) |7 £ with concentrated load
More detailed printout [0=no. 1=yes] (MDFO)(0 & without concentiated load
Mumber of nodes with different thickneszes of slab layer 1 [NAT1)|0
Mumber of nodes with different thickneszes of slab layer 2 [NAT2)|0
Tystem of units (0=Englizh, T=51] [NONTTTO Print 118

{1y This form appears when the 'General' menu on the Main Menu of L
SLABSIHP is clicked. If wyou want to use the PgDn key to scroll down the
page, please click this texthox. When creating a new £file, this form must
he entered first hecause some default rvalues to be used in the other forms
vary with the system of units, so they are generated after HUHIT is speci-
fied and this form activated. The default values are generated only once,

v
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Curling and Contact Information

Mumber of nodes not in contact [NOTCON]| [iD
Number of nodes with initial gaps [NGAP)| |0
Input of gaps from previous problem [1=ypes, 0=no) (INPUT]| (D
Temperature curling (1=yes, O0=no) [NTEMP]| [1
weight of slabz [1=pes. O=no] [NWT]| |0 oK
M aximum number of cycles for checking contact [NCYCLE]| [1
Temperature differential between top and bottom in F [TEMP]| |20
Coefficient of thermal expansion per F [CT]| |0.000005%
Tolerance for iteration [(DEL)| |D0.0M
M aximum allowable deflection in in. [FMAX) | [1
(1) This form appears when the 'Curling' menu on the Main Menu of A

SLABSTHP is clicked. You can override the default by typing in a new
value. You can use the Tab key to move the cursor from one texthox to the
next or just click on the box before typing. The use 0f click has the
advrantage that you don't have to delete the default hefore typing in the

data vou want.
instead of the scrollbhar, please click this

(2)
A& maximum of 120 nodes can be specified.
never he in contact.

Print |

If yvou want to use the PygDn Key to read the remaining text,

HOTCOH {(total nmumber of nodes assumed initially not in contact):
If HCYCLE
If HCYCLE > 1 and HFOUHD = O,
not bhe in contact depending on the calculated results.

texthox to make it active.

1, these nodes will
these nodes may or may
However, for solid

Arrangermnent

input input input

Slab Information

5lah Information for Data Set No 1

#-coordinake  Y-coordinate  Properties

nput

Arrangement of Slabs and Joints for,

iz form appears when the
Below each menu is a lahel wi

'Slab’

Use «Ctri>-<Del> to delete a lin 'm
Slabl Unit in.
[ Slab Mo, [ 1z [ Wy Il
: Sequence  |Y
187 HE dore g
2112
R oo prlinateelatiEaa bl 1
P oordinates o 1 D 1] 3l 24
I 4| 36
' Slabl | gl 48
done S ?g
Tnit in.
Sequence ¥ - =
1o o | 1
2012
3| 24 . : :
1 18 Onit in. p=1
5 72
B 111 Layer Mo, T |FR M
7] 150 11 &8 i .15 4000000
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Foundation

1 i nundation for Data Set Mo

Double click {or press the Esc k

Tnit Dol
SUBMOD | NAS
200 0

EX. 1: CUBLTIHG OF SLAB 0OH LIQUID FOUHNDATIOH WITH FULL COHTACT
Problem Ho. 1 Period Ho. 1 Load Group Ho. 1 FSAF = 1 P
KX = 7 WsSY =7 b Y = 2000000 psi PR = 0_15 E
* Max. Stress = 237.59 psi E o
p F
T I
1 ®GuBMOD = 200 poi L
E
72
¥
c 1] =
o ¥
o a8 o r
L
R m A
P 36 e N
I t
H 29 T
A ¥
T
E 12
s
0
symmetry
0 12 24 ag 72 111 150
¥ CODRDIHATES IN in.

33



Timm and Turochy

Introduction to M-E Design Short Course — Final Report

EX. 1: CURLIHG OF SLAE OH LIQUID FOUHDATIOHN WITH FULL COHTACT
# Max. '-' Stress in X Dir.= 0 *Max. '+! Stress in X Dir.= 237.6 psi
O Uniform Load
12
\& ' ' . [ = I | ' | l{.s | '
¢ 60 \ H . 1 \ 1 H \ . H
g |oe. . | | \ \ VoL H \ H
1 " e B PO &I § I LS|
c ¥ T " B | B B Vo . '% \ .
g 18 ™ - - - -
m . L L B P I I
o e ! SRR L R g ] s
R o4, ¢t N \ i \ I A R B
] r " 0 B L B O O S T I
I y [ e g 1Lt ' o ] -{.5: /
H 2a 2 - 4 4 4 4 PR N RS S
A ch L] |
T 3 " oo : S SR L SN
E 12
s ' J“'. bt T
3 B H i R C R F YRR SRR T | & SH T
o EYTEELEY
0 12 4 48 72 111 150
5lab Layer 1 X COORDIHATES IN in. Contours in 100 psi
— i fnaw _toncinan ot hotdam
EX. 1: CURLIHG OF SLAB OH LIQUID FOUHDATIOH WITH FULL COHTACT
& Max. '-' Stress in ¥ Dir.= D % Max. '+' Stress in ¥ Dir.= 158.2 psi
O Uniform Load
72
01 -1
¥ &0
E-3
C b P
g 18 m [
m
[l [ - J S N
R 4. ¢t 09 0.9
D r [Tttt
I S R
H 24
¥
P il SESNEE
E 12 s s
5
0 SYTAELL Y
] 1z 24 48 72 111 150
Slab Layer 1 X COORDIHATES IH in. Contours in 100 psi
- oimm Ffowr tancinan at hotbom
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Example — Loading and Temperature

Find slab thickness to withstand 10,000,000 applications of this tandem axle.

Consider with and without temperature gradient.
SLA3.dat

First Consider Without Thermal Stresses

TITLE |EXAHPI.E HO. 3: TWO SLABS ON SOLID FOUNDATION WITH FULL CONTACT

Type of foundation [0=liquid, 1=solid. 2=layer] [NFOUND][1 Default options are shown by the
Damage analysis [0=no, 1=PCA criteria, 2=uzer zpecified] (NDAMA]|0 black dots. If not true. please
Mumber of periods per year [NPY]1 ailies (e @iy boilsm

p per y
Mumber of load groups [NLG])[1 . .
Number of slab lapers [NLAYER] [1 ; x:t:ouur:'ffr:?o'ﬁldoa ’
Bond between two szlab layers [0=unbonded, 1=bonded] [NBOND] |0
Number of _SI_ahs (NSLAB) |2 with temperature gradient
Number of joints (NJOINT] |1 L and/or checking contact
Modal number for checking convergence [MMCK]|49 e
Mumber of nodes for stress printout [MPRINT]|D g and/or checking contact
Mumber of nodes on X axis of symmetry [NSX] (D
Mumber of nodes on Y axis of symmetry [NSY) (D  \with concentrated load
More detailed printout [0=no, 1=pes] (MDPO)|0 & without cancentiated load
Mumber of nodes with different thicknesses of slab laper 1 [MAT1)|0
Mumber of nodes with different thicknesses of slab layer 2 [MAT2)(D
System of units [D=Enghsh_T=51] [NUNIT][D Print 0K
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Slab Thickness

File General Curling Slab  Uniform Raft  Opkional  Foundation  Adjust  Joint  Damage
SLA3  done  default  input  input  default  default inpLt default input  default

(e Slab Information for Data Set No 1

Tes Arrangement  ¥-coordinate  Y-coordinate  Properkies
{1y This i inpLt ifpLt inpt dong
files. This me

KEHPAVE is clic Thickness, Poisson's Ratio, Young's Modulus, a

clicking the ap

right because d data. ¥ Mnit in. p=1
and the default descript

layers (HLAYER) | [i > 7"~ Layer Ma. T |FR [
menu will dicta 15 4000000

+hna AnFan=T1F WTTA

Loads
[

Uniform  Raft  Optional  Foundation  Adj

= dg
P Loaded Areas and Contact Pres

Double click (or press tt
Mai
ear
The Load Group || NUDL
jate ; 18
‘:Ei Loaded Areas for Load Group Mo. 1 and Data Set No. 1

Use <Ctrl>-<Del> to delete a line, <Ctrl>-<Ins> to insert a line, and <Del

Tnit in. in. in. in. pEi

Load Sequence| LS =01 |12 [ [vL2 [T
1] 1 122982 132017 | O 5.532 50,007
2| 1 122.983 | 132017 | 13234 18,766 50,007
3 1 123983 | 132017 | 72484 a0 50,007
41 122983 | 132017 | 85984 91516 50,007
5| 1 171.967 | 180 0 5632 50,007
B 1 171.967 | 180 13234 18,766 50,007
7|1 171.967 | 180 72484 7a0G 50,007
Al 171 9R7 1R8N AR 9R4 91 R1R an nnz
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EXAMPLE HO. 3: TWOD SLABS OH SOLID FOUHDATION WITH FULL COHTACT
Prohlem Ho. 1 Period Ho. 1 Load Group Ho. 1 FSAF = 1 r
H5X = 0 HSY =10 b 0 & = 2000000 psi PE = 0.15 R
® Max. Stress =-226.331 psi E o
O Uniform L. :Max. 4000 Min. 4000 1hb r i
T
H ? {5 = 5000 psi PRS = 0.45 L
E
144
b4
121
E J
0 LT g P
R g2 0 I:N 1];
D | Or
N
I 66
" 1
A 41
T
E 16 == H
5
0 L1 [
0 60 110 146 180 0 40 80 120 180
X COOBDIHATES IH in.
EXAMPLE HO. 3: TWO SLABS ON SOLID FOUHDATIOH WITH FULL COHTACT
& Max. '-' Stress in X Dir.=-226.3 % Max. '+' Stress in X Dir.= 74.6 psi
0 Uniform Load
144
v 121
C o
1]
0 g2
R
D &6
I
H
A 41
T
E
5 16 G
° \
0 €0 110 128 146 164 180
5lab Layer 1 X COORDIHATES IH in. Contours in 100 psi
i fnwv _toncinn ot _haoatdom
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Design — Load Only

For 10 million load repetitions, critical stress is 360 psi

Trial D, in. Stress, psi

Consider Load and Thermal Effects

.|
TITLE |EXAHPI.E HO. 3: TWO SLABS ON SCLID FOUNDATION WITH FULL CONTACT |

Type of foundation [D=liquid, 1=zolid, 2=layer] [MFOUND] |1 Default options are shown by the
D amage analyziz [0=no, 1=PCA criteria, 2=user specified] [NDAMA]|0 black dots. If not true, please
Mumber of periods per year [NPY)|1 O i i e

P PEr
Mumber of load groups [NLG)|1 . .
Mumber of slab layers [MLAYER] |1 [E ﬁ:::ouur?tjr:?fﬂolfnfldoa d
Bond between two slab layers [0=unbonded, 1=bonded] [NBOND]) [0
Number of _sl_abs [NSLAB) |2 = with temperature gradient
Mumber of joints (NJOINT) |1 ™ and/or checking contact
Modal number for checking convergence [MMCK]|49 ~ without tamperaturs gradiert
Mumber of nodes for stress printout [NPRINT)|D U andfor checking contact
Number of nodes on X axis of symmetry [N5X] (0
Mumber of nodes on Y axis of symmetry [N5Y] |0 " with concantiatadload
More detailed printout [0=no, 1=yes) [MDPO]|0 & without concentiatadioad
Mumber of nodes with different thicknesses of slab layer 1 [NAT1](0
Mumber of nodes with different thicknesses of slab layer 2 [NAT2)|0
System of units [O=English, T=5T] [NONTT]|0 Print 0K
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files
KENPA]
click
right
and t
layer
menu
the d

ratin

SLAB_F_

Enter Thermal Conditions

[Number of nodes not in contact [NOTCON]] o

Mumber of nodes with initial gaps [NGAP) |I]

Input of gaps from previous problem [1=yes. O=no] (INPUT) |I]

Temperature curling [1=yes. 0=no) [NTEMP) |1

'wWeight of slabs [1=yes. 0=no) NWT)| |0 (114
Maximum number of cycles for checking contact [MCYCLE]| [1

Temperature differenhial between top and bottom in F [TEMP]| |-200

Coefficient of thermal expanszion per F (CT]| |0.000005
Tolerance for iteration [DEL) |l]_l]l]1

Maximum allowable deflection in in. [(FWax]) | [1

Evaluate Results...

Design — Load and Temperature Effects

For 10 million load repetitions, critical stress is 360 psi

Trial D, in.

Stress, psi
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Materials Characterization

Load Configurations

y

v

Stress, Strain, Deflection

L

Material Properties —» Mechanistic Model

¥

Layer Thicknesses 1 ky
5 N=k|=
&
Yes D>1?
D<<1? ) Miner’s Hypothesis
n
D=>—
No N

Material Properties

» Required properties defined by

— Mechanistic models
» Flexible
« Rigid

— Correlation equations

— Transfer functions
 Specific distresses
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Modulus and Poisson Ratio

Materials to Consider

/
/

Surface Course

Subbase Course (Optional)

Subgrade (Existing Soil)

" Lengitudinal—=
Joint

Surface Course

Base Course (Optional)
Subbase Course (Optional)

Subgrade (Existing Soil)
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Asphalt Concrete

» Consider viscoelastic nature of material
— Properties change with temperature
— Properties change with speed of loading
— Pavement responses change with temp and speed

Backcalculated AC Modulus vs Temp

3000 Average of E1_KSI

2000

SECTION: ~
—— N10

5— N11

—3— N3
e— N4
o— N5

—e=— NG
—8— N7
—dr— N9
—§— S10
—— S11
r\.‘wr‘ ‘ —h— S12
¢ S8

—— s9

AC Modulus, ksi
o
o
o

RS SRS o~
= |—|eq

o 27

12 1 2 5 6
2009 2010

Year, Month, Day

42



Timm and Turochy

Introduction to M-E Design Short Course — Final Report

3000

Average of T2

Backcalculated AC Modulus vs Temp

Average of E1_KSI

2000

*¢

1880

800
700

600

500
400

300

Backcalculated HMA Modulus, ksi

200

100

SO

20 40

60

Mid-Depth Temperature, F

80 100 120 140

AC Strain vs Temperature

1600

1400

1200

1000

800

- N7
—&—N11

600

Predicted Microstrain

400 -

200

—5s9
=510
~+e-S11

Mid-Depth Temperature, F

60

80 100 120 140
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Microstrain

600

500

400

w
o
o

200

100

AC Strain vs Speed
o . N6
e . S
i -
. o S8
A\A\ ——59
=—S10
4811
0 10 20 ? ) 50
Speed, mph

« AASHTO TP62-07
» Test at various temperatures and frequencies
Establish E* master curve

Dynamic Modulus (E")

Used in M-E design to determine modulus for
stress and strain computations
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Master Curve
10,000
——HPM (Base and Binder) —m- Binder Control —@—Base Contro

_ 1'000 T
(73} oo
=
fu
g
-§ 1DD e
=
L
£
©
<
D 1D -

1 T T T T

-6.0000 -4.0000 -2.0000 0.0000 2.0000 4.0000

Log frequency

E* Determination

« Dynamic modulus testing can be difficult
— Low/high temperature
— Slow/fast loading rates

» Correlations have been developed to
estimate E* from other parameters
— Witczak 1-37A
— Witczak 1-40D
— Hirsch
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Witczak 1-37A and 1-40D Models

log E* = —1.25+ 0.0299,,, —0.0018(,0,0,) — 0.0028 5, — 0.058V, — 0.08022

, 3:872-0.0021p, +0.004p,, —0.000017(p,)° +0.0055p,

Vbeff

beff+ a

Vbef‘f
2.56+0.03V, +0.70 — "

a+ beff
+

1 4 g(~0-603313-0313351 log( f)~0.393532 log())

log E* = ~0.349 + 0.754(G,  °™* )

J +0.012p,, — 0.0001( ;)% —0.01,,

6.65—0.0320,, +0.0027(p,0,) +0.011p,
—0.0001(p, )2 +0.006 p,, — 0.00014(py;)°

V
-0.08V, —1.06| —="
Va +Vbeff

1+e

(-0.7814-0.5785log| G,,*|+0.8834 log 5, )

Hirsch Model

oo ) |

10,000

4,200,000

VMA

0.58
VFAx 3G
[20+>< | ﬁb]

Pc =

(1-pC 1—(V|\/|A/100)+
VFAIG*,

VMA

058
VFAx 3G
650 + [XﬂbJ

-1
VMA }
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Which One is Best?

%\

(=1

L&)

W

=

(]

5

=]

p .

o #Hirsch
m1-37A
A1-40D

D v T T T T
0 10 20 30 40 50

Measured E* {105 psi)

Which One is Best?

100Y f,,. »
0%
2 =0
."E =} |‘Y
) 5 s
o 2
@ A L
o i ——1-37A
= l—1-40D—
Hirsch
-40 -30 -20 -10 0 10 20

Residual (10%psi)

47



Timm and Turochy Introduction to M-E Design Short Course — Final Report

Asphalt Testing

Final Report
ALDOT Project 930-685

GUIDANCE FOR M-E PAVEMENT
DESIGN IMPLEMENTATION

Table 3.2 HMA and Asphalt Binder Tests

Current
Test Name AMEPDG Input ALDOT
Practice?
Standard Test Method for ssphalt mix - level 1- dvnamic
ASTM D 3497 Dvnamic Modulus of Asphalt A I No
Mistures maodulus information
Standard Method of Test for . —
AASHTO T27 Sieve Analysis of Fine and Asphaltmix - levels 2 & 3- Yes
- K gradationinformation
Coarse Aggregates
Standard Method of Test for
Determining the Rheological Asphaltbinder -lavels 1 & 2:
AASHTO T313 Properties of Asphalt Binder | dvnamic complex modulus and Tes
Using a Dynamic Shear phase anglevalues
Rheometer

Concrete

» Consider elasticity, strength and thermal
properties of concrete
— Stresses under load
— Curling/Warping
— Expansion Contraction
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Concrete Strength and Elasticity
« Compressive Strength

— ASTM C39
* Modulus of Elasticity

— ASTM C469
* Modulus of Rupture

— ASTM C78 (AASHTO T97)

Compressive Strength

WSDOT Pavement Guide
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Modulus of Elasticity (ASTM C469)

http://civilx.unm.edu/laboratories_ss/pcc/mor_setup.JPG

http://civilx.unm.edu/laboratories_ss/pcc/mor_brokenspec.JPG
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PCC - Correlations
Sc :kl\/Tc 8 <k1<10

43.5E
S, = 0 < +488.5 (Eres, 1987)
f,=6.5\1, (ACh

E =57,000,/f (ACl)

Concrete Thermal Properties

» Coefficient of thermal expansion/contraction

—CTE
— AASHTO TP60
» Standard Method for CTE of Hydraulic Cement Concrete
’ /’,,.—-Spfhg-l..onedL\c'DT
ad g
. . I - .ﬂ R A-in. Dia. Concrata

Front View

http://design.transportation.org/Documents/ConcreteCTEConcernsMay212009.pdf
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Why is CTE Important?

20
80 T

y=104 Bi(1+69628% %™

70 1 R*=1.00
80
S0
40
30
20

10 4

0

Percent Cracking (%)

35 4.5 55 65 75 85
(6.3 °C) (8.1°C)  cre (%107 infinF) (13.5°C) (15.3 °C)

(9.9°C) (11.7 °C)
Effect of CTE variability of Concrete Pavement Performance as predicted
using the Mechanistic - Empirical Pavement Design Guide, Jussara
Tanesi, M. Emin Kutay, Ala Abbas, and Richard Meininger, 0.15 4 y = 0.0084x" - 0.0381x + 0.0669
Transportation Research Board 2007. R = 00990

0.2+

Faulting (in)

014
0.05 1
04 . . . |
35 4.5 55 B.5 75 85
63°C) (8.1°C) CTE(x10°In/°F) (13.5°C) {153°C)

8.8°C) (11.7°C)

Effect of CTE vasiability of Concrete Pavement Performance as predicted
using the Mechanistic - Empirical Pavement Design Guide, Jussara
Tanesi, M. Emin Kutay, Ala Abbas, and Richard Meininger,

Transportation Research Board 2007

Provisional CTE's

Coarse Aggregate CTE Range Average CTE
Type (x108 in./in./°F) (x106 in./in./°F)
Siliceous River
Gravel 6.82-7.23 6.95
Granite 5.37-5091 5.60

Dolomitic
Limestone 5.31-5.66 5.52

Sakyi-Bekoe, 2008
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TABLE 3.3 PCC Tests.

PCC

Test

Name

MEPDG Input

Current ALDOT
Practice?

Tests

ASTMC 469

Standard TestMethod for Static
Mo dulus of Elasticity and
Poiszon's Ratio of Conaatein
Compression

Poisson'sratio of conarete

Capable, butnot
routine

AASHTO TP 60

Standard TestMethod forthe
Coefficient of Thermal
Expansionof Hydraulic Cement
Concrete

Coefficient of thermal expansion

No

ASTME1932

Standard TestMethod for
Thermal Conductivity and
Thenmal Diffusivity by
Modulated Temperaturs
Differential Scarming
Calormetry

Thermal conductivity

No

ASTMD 2766

Standard TestMethod for
Specific Heat ofLiquids and
Solids

Heat capadty

No

AASHTOT 160

Standard Method of Test for
Length Change of Hardened
Hvdraulic CementMortar and
Concrete

Shrinkage inputs

Tes

ASTMCTE

Standard TestMethod for
Flexural Strengthof Conarete

Lewvel 1 - flexcural strength
(modulus ofruptre)

Capable, butnot
routine

ASTMC 39

Standard TestMethod for
Compressive Strengthof
Cwlindrical Concrete Spedmens

Level 2 - compressive strength

Tes

AASHTOTI121

Standard Method of Test for
Massper Cubic Meter {Cubic
Foot), Tield, and Adr Content
(Gravimetric) of Concrete

Concrete Unit Weight

E.outinely done in
Mix Design Phase:
notroutinely done
in field

Unbound Materials

» Resilient modulus and Poisson ratio are critical
* Many approaches to measuring “strength”

 All are governed by Mohr-Coulomb behavior of
material
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Mohr-Coulomb Behavior

e Granular materials fail due to combination
of normal and shear stresses

— Characterize strength by shear resistance
T =C + ctand

R-Value

» Soils, granular media tested by stabilometer
— Closed system triaxial test

* Measures internal friction of material

100
T - { : 1}1

Sample 2

Testing Head

What is the R-Value if the horizontal and vertical pressures are equal?
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California Bearing Ratio - CBR

Soil and granular media penetration test

Test any soil and divide penetration value
to that of a standard

Lower penetration =

Dependent upon soil texture, moisture,
density

Resilient Modulus, Mg

* Primary input for pavement design
— Unbound material characterization
— Repetitive loading

o4 = deviatoric stress
g, = recoverable strain
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Mg - Schematic

Mg — Granular Materials

« Effect of confining pressure, o,

Log Mg

Bulk Stress, 0
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Mg — Fine Grained Soils

* Influenced by deviatoric stress

Mg

Gy

Unbound Material Correlations

Strength/Index Model Comments Test Standard
Property
CER M, = 2555(CBR)%& CBR = California Bearing Ratio, [ AASHTO T195—The California
: . petcent Eeating Ratio
AASHTO T180—FResistance B-
R-value M, =1153 1.3 R=R-value Value and Expansion Pressure of
Compacted Soils
A_{S:-I_TO laver . = 20000 a4 a = AASHTO laver coefficient | <-ASHTO Guide for the Desizn of
coefficient T 0.14 ! il Pavement Structures (1293)
wPI = P200*PI AASHTO T27—Sieve Analysis of
Coarse and Fine Aggregates
o1 and sradation® R= 75 ?.ECC=I_Jercent passing No. 200
- 1+ 0.728(wP]) sieve size AASHTO T80—Determining the
Plastic Limit and Plasticity Index of
PI = plasticity index, percent Soils
CBR = California Bearing Ratio. | ASTM D&231—Standard Test
DR CBR = 232 percent Method for Use of the Dynamic
- oo Cone Penetrometear in Shallow
DCP =DCPindex, inblow Pavement Applications
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TABLE 3.5 Base and Subgrade Material Tests

Unbound Material Testing

Current ALDOT

lean concrste or cement-treatad

Test Name MEPDG Input Pracuce?
Standard TestMethod for Static Moduhs Chermnically stabilized materials - No-but could be
ASTMC 469 of Elasticity and Poisson's Ratio of lean concrete or cement-treated tested by PCC
Concretein Compression aggregate (level 1) Group

Standard Method of Test for Detenminng T -
AASHTOT307 Resilient Moduls of Solls and | < rerically stabilized materials - Yes

- lime stabilized zoils {level 1)
Agarezate Matenials i

Standard Method of Test for | ooracaly stabilizedmatenals- |0, 0 cogpe

Soil-Lime Mixtures

equationlevel 2)

AASHTOT22 Compressive Strengthof(l“j\']jn_d.rical aggregate comrdation equation tested by PCC
Concrete Specimens Tevel2) group
Standard TestMethod for Compressive Chernically stabilized materials - No - but could be
ASTMD 1633 Strength of Molded Soil-Cement soil cement cormrelation e quation tested by PCC
Cylinders level2) group
Standard Specification for Flv Ashand Chemically stabilized materials -
ASTMC 393 Other Pozzolans for Uze with Lime for lime-cemernt-fivasheotrelation No
Soil Stabilization equationlevel 23
Standard TestMethod for Unconfined Chemically stabilized materials -
ASTMD 3102 Compressive Strengthof Compacted limne stabilized soils comrelation Tes

Traffic Characterization

Load Configurations

y

Material Properties

—

Mechanistic Model

\ 4

Stress, Strain, Deflection

Y

Layer Thicknesses

r

ves D>1?

D<<1?

No

Miner’s Hypothesis

n
D:ZW
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Axle Load Spectra

 Traffic characterized by
— Axle types and frequency
— Load magnitude distributions

—0 00
=D T
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Load Definition for Pavement Modeling

17 cm
6.751n)

137 cm
54 n)

Traffic Inputs and Axle Load
Spectra Characterization

» Key data needed
— Current traffic volume (AADTT)
— Projected traffic growth (% growth)
— Or, future traffic volume (AADTT)
— Distribution by vehicle class

— Distribution of axle types/vehicle

* Single, tandem, tridem, quad, steer
— Distribution of weights (axle loads) within axle type
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Traffic Inputs:
Resources

ALDOT Traffic Data online

Near bottom right of ALDOT’s home page,
click on “Traffic Data”

ALDOT Bureau of Transportation Planning

For project-specific requests

(= hlabama Traffic Data - Windows Internet Explorer

state.al.us,

€]

File FEdt Wiew Favorites Tools  Help
£ windows Live m - what'sNew  Profile  Mal Photos  Calendar  MSN Share - B - ag %

o Favorites | 55 @& v € FresHotmal £ -

(€ Alabama Traffic Data

ALDOT Transportation Planning Bureau
Alabama Traffic Data

Zoom In ZoomOut Pan Full Extent |[SesuiousExtent NekeSsiant OstDaks Find Address Measure Print Map Download Report  Help

Table of Contents

Traffic Counter Layers

Traffic Counters 2009 + &

[ alabama
— Interstate Routes
— County Lines
[} State Line
Open Water
W City Line

uc zoom |

Select a County %

Select a City he

Enter a Counter I.D.
then dick "Go"

62



Timm and Turochy

Introduction to M-E Design Short Course — Final Report

ALDOT Traffic
Data Online:
Example

So, what is here that
we can really use??

Counter ID IN-41-526

Station 526
County 41
City N/A

Route 85
Milepoint 47.47
IAADT 2009 31290
IAADT 2008 30980
IAADT 2007 30730
IAADT 2006 30610
IAADT 2005 29770
IAADT 2004 28890
IAADT 2003 27890
IAADT 2002 27040
IAADT 2001 25920
K 11
D 65
TDHV 20
TADT 27
Heavy 85
Functional Class 1

Description

N/A

statewide...

stations

ALDOT Traffic Data
(available through Transportation
Planning Bureau)

AADTT (truck traffic) at over 5,000 locations
*About 120 permanent/continuous count

*About 2,100 “temporary” count stations
(to meet FHWA Highway Performance
Monitoring system requirements)
*About 3,000 other locations
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ALDOT Traffic Data
(available through Transportation
Planning Bureau)

Monthly adjustment factors:
«Currently produced for the permanent
count stations only for all heavy vehicles
as a group (classes 4-13)
«Can be derived by vehicle class but not
currently done

ALDOT Traffic Data
(available through Transportation
Planning Bureau)

Vehicle class distributions:
*Currently produced for all 2,200 HPMS
sites (based solely on axle spacing)
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Vehicle Classification:
FHWA “Scheme F”

1. Motorcycles 2. Passenger Cars 3. 2-Axle, 4-Tire Single Units, Pick-up
= or Van
70 * [ ot i,
4. Buses 5. 2-Axle, 6 Tire Single Units 6. 3-Axle, 7.4 or More Axles,
Single Units Single Unit
Yy =l m —
T — Tt | | &
8. 3 to 4 Axles, Single Trailer 9. 5 Axles, Single Trailer 10. 6 or More Axles, Single Trailer

el =

_j ED
@

11. 5or Less Axles, Multi- 12. 6 Axles, Multi-Trailers 13. 7 or More Axles, Multi-Trailers
Trailers — |
%ﬁv—rw‘r'—r

B | gL | B ek

129
Rural Interstate — Vehicle Class
Distribution (typical)
0.0% D — H — I:l
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ALDOT Traffic Data
(available through Transportation
Planning Bureau)

Axle load distributions (load spectra):
*Not currently generated
*A resource does exist...ALDOT WIM sites

ALDOT WIM Sites
ALDOT currently maintains 12 WIM (weigh-in-
motion) sites around the state

WIM sites are a critical source of axle load
spectra information!
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A L D O T “;:;:;.T_ . B a.u;,".:_‘ i
WIM Sites R s 1 S e
(2001) g

& iackecn
. e

R

| —_waLken
[ Laman T

Jn\-nn ==

CADCTAW | WAHENGG

= \ g9

[T — L et
L w/é [
[ 961" 1 3
\ = SCAM
\wul.:r’.“w
I 5 = County Seat 908
'_{._/' o Oher Cities
30%
http://www.virginiadot.org/vtrc/main/online_reports/pdf/10-r19.pdf
25%
> 20%
o
8
g — Single
g R = = Tandem
T 15% —
t o A = = = Tridem
.% 1 . * ~= = Quad
k- I\ .
© 10% —
;. E
;o )
5% < . -
.- \ .
\ e
N R,
0% ' ' ' )
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Axle load, kips

Figure 3. Statewide Axle-load spectra from All Vehicle Classifications
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Axle Load Distribution:
ALDOT statewide average (2001),
tandem axle groups

6
R . A
ey
S A
@ T
3 \& [ .
FE’ 3 f [ —#— Statewide
w '] » Q ‘\ Averages
@ - . Niaer’ ——LHN-M
= bl
=1t A
£ #‘ “”m-n-m

k=l

R I - S R
{p"\n;]" *\Q\'ﬂ"[:\‘r -‘f:' ""l_l,:b'i.l ﬁ?_r n?-"" {__‘_ ;:‘\. '5:'7\-

Tandem Axle Loads, kips

Axle Load Distribution:
ALDOT station 911 (2001), single axles

==
|
——LN-NNJ

Figure B.5 Station 911, Single Axles
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Axle Load Distribution:
ALDOT station 911 (2001), tandem axle groups

[-~g11 1

|
NN

T T : 4+ 2
2 101 16.7 233 29.9 365 431 497 563 62.8 685 76.1 827
{ Tandem Axle Loads, kips

‘ 0 S, H

Figure B.6 Station 911, Tandem Axles

Single Axles

Axles / 1000 Heavy Axles

Axle Group Weight, kN
0 20 40 60 80 100 120 140 160

250 T T T T T T T T 1

—e—Rural Interstate

—=— Rural Principal Arterial

—— Rural Minor Arterial L

—%— Rural Major Collector

—*— Rural Minor Collector

—e—Rural Local Collector

—+— Urban Interstate

—— Urban Other Freeways and Expressways
Urban Principal Arterial

—o— Urban Minor Arterial

—o— Urban Collector

200

150

100

50 -

0 5 10 15 20 25 30 35
Axle Group Weight, kip
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Axles / 1000 Heavy Axles

40 T T T T T T 1

Tandem Axles

Axle Group Weight, kN

150 200 250 300 350

—e—Rural Interstate

—=— Rural Principal Arterial

—a— Rural Minor Arterial

—*— Rural Major Collector

—*— Rural Minor Collector

—e— Rural Local Collector

—+— Urban Interstate

—=— Urban Other Freeways and Expressways
Urban Principal Arterial

—o— Urban Minor Arterial

—o— Urban Collector

Axle Group Weight, kip

Axles / 1000 Heavy Axles

Tridem Axles

Axle Group Weight, kN
100 200 300 400 500
54 f f f f f

—e—Rural Interstate
—=— Rural Principal Arterial
—a— Rural Minor Arterial
—%—Rural Major Collector
—*— Rural Minor Collector
—e—Rural Local Collector
—+— Urban Interstate
—— Urban Other Freeways and Expressways
Urban Principal Arterial
—o— Urban Minor Arterial
—o— Urban Collector

==

120
Axle Group Weight, kip
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Study of traffic inputs

» ALDOT-sponsored research study getting
underway at Auburn will:
— Develop axle load distributions, vehicle class

distributions, and monthly adjustment factors from
WIM sites

— Develop vehicle class distributions from WIM sites
» Already generated by ALDOT from permanent count stations

— Develop monthly adjustment factors from WIM sites
and permanent count stations

Study of traffic inputs

» ALDOT-sponsored research study getting
underway at Auburn will:

— Determine if the default values provided in the
MEPDG are appropriate, or should regional and/or
site-specific factors be used

— Examine impacts of differences between MEPDG
defaults and state/regional/site factors on pavement
designs

71



Timm and Turochy Introduction to M-E Design Short Course — Final Report

Prior study of traffic inputs

o ALDOT-sponsored research completed in 2005
at Auburn found:

— A statewide average axle load distribution was
generally appropriate (as opposed to site-specific
information)

* However...

— This was based on 2001 data

— This was based on only 12 sites!

— This was using the 1993 AASHTO method (ESALS)

— This did not compare Alabama data with national
average

Looking ahead:
Traffic and the MEPDG software

» What capabilities will the MEPDG software
offer (with respect to traffic inputs)?
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Traffic Inputs in the MEPDG
Software

Traffic inputs are grouped into the following
four categories in the MEPDG:

Traffic volume parameters

Traffic volume adjustment factors

Axle load distribution factors

General traffic inputs

MEPDG Traffic Inputs:
Traffic Volume Parameters

* Initial two-way AADTT (annual average daily
truck traffic)

— Default values are not provided (of course!)

« Number of lanes in the design direction
 Percent of trucks in design direction

 Percent of trucks in design lane

* Operational speed Default values

are provided for
these...
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MEPDG Traffic Inputs:
Traffic Volume Adjustment Factors

Monthly adjustment factors

Hourly distribution Default values

Vehicle class distribution are provided for
all of these...

Growth rate

MEPDG Traffic Inputs:
Axle Load Distribution Factors

» Daily distribution of axle loads for each category
of axle group (single, tandem, tridem, and quad)
— Default values are provided

However, are they appropriate for use in
Alabama?
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MEPDG Traffic Inputs:
General Traffic Inputs

e It'salong list...

— Mean wheel location, wheel wander, tire
pressure, dual tire spacing,...

Default values
are provided for
all of these...

MEPDG Traffic Inputs:
Critical Decision Points

* Need: AADTT (truck traffic)
— Either current and growth rate, or
— Future / design year
» Other key items for which use of default
values may not be appropriate:
— Vehicle class distributions
— Monthly adjustment factors
— Axle load distributions
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Traffic Summary

 Traffic data can be highly regional and site
specific

* When possible/warranted, need to develop
site-specific information

 Prior study recommended using statewide
averages in some cases

Performance Prediction

Load Configurations

\ 4

Material Properties = Mechanistic Model Stress, Strain, Deflection

l

Layer Thicknesses 1 ka
'y N — kl -
&
Yes D>12
D<<1? N Miner’s Hypothesis
n
D=>—
No N
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Miner’s Hypothesis

» Provides the ability to sum damage for a
specific distress type
e D=Xn/N,<1.0
where n,= actual number of loads
during condition i

N, = allowable number of loads
during condition i

How Does Damage
Accumulate?

Damage
(0l I i
Miner’s
Hypothesis
05F—-=—=—====--=

] Actual 1

Traffic
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Performance Prediction

 Transfer functions for each distress
» Require local calibration
* Predict performance vs time

Flexible Pavement Predictions

Ride quality

Top-down cracking
Bottom-up fatigue cracking
AC thermal fracture

Total pavement rutting

AC rutting
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mimm)

IRI{m'km

16
14
12

10

Ride Quality (IRI)

Ercsion Gullies and
De=p Depressions

Frequent Shalow 1110
Depressions, Some 100
Desp

Frequent Minor a0
4 Depressions 5.0

Surfacs

Impefectio 35 410
1

1.5 ! ! | |

Mormal Uss

S0kmih
80 kmih

80 km/h

100 kmih

Ajrport e Older Maintined Damaged Riough
Runways & Pavements Pavements Unpaved Pavements  Unpaved
Superhighways Roads Roads

Flexible - IRI Predictions

Distress Model Calibration Settings - Flexible New

AL Fat\gua] AL Hultlng] Thermal Fractura] CSM Fatlgue] Subgrade Rutting | AC Cracking | CSM Cracking Rl

IRl Flexible: Pavements IR Flexible Over PCC
1 - Rutting 1 - Rutting
2 - Fatigue Crack 2 - Fatigue Crack
3 - Transverse Crack 3 - Transverse Crack
4 - Bite Factors 4 - 3ite Factors

]

£1 (M) £1 HMaspce) 408
04

£2 (Hi4) T .57

0.008
£3 (HM8) £3 HMaspcey (00014
capmar 2018 £ Hmaspory |0 00825

l

" Ok | X Cancel ‘
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Flexible Fatigue Cracking Predictions

Distress Model Calibration Settings - Flexible New

AL Fatigue IAC Huttingl Thermal Fracturel CSM Fatiguel Subgrade Rutting I AC Crackingl CSM Crackingl IR I

LY e
N!=D.DD432*C*,B,|J£{£—] [E]

o =10%

M:484( h _uﬁgj

¥+

et ba

™ Special Analysiz

i+ National Calibration

" State/Regional Calibration
 Typical Agency Yalues

k1: ID 00756 Bf1:
k2: |3.9492 Br2:

k3 |1 281 Bif3:

Endurance limit far calculation of HMA Fatigue Damage

W OK | X Cancel |
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Rutting

S11-Trench 1 -2 172009
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Flexible — AC Rutting Equations

Distress Model Calibration Settings - Flexible New

AL Fatigue AC Rutting I Thermal Fracture ] C5M Fatigue ] Subgrade Flutting] AL Cracking I C5M Cracking ] IRI ]

= plastic strain (infin)

= resilient strain (infin)

= layer tetnperature (°F )

= nummber of load repetitions

Zr_ g S0 % TR EE
S, z »1

k, = (C, + C, * depth) *0.3281 965
C =-01039*H2 +24868%H  —17 342
€= 00172*%H2 —1.7331% H +27.428

Where:
Hee = total AC thidiness Cin)

Z 3 g

NCHRP 1374 k1 [z Bil: 9304 Inputs
" Special Analysiz
* Nationally Calibration k2 [0 SEE Biz:
" State/Regional Calibration K3 ,W Br3:
" Typical Agency Valugs

Standard Deviation  |0.24"POWER(RUT 0.8026)+0.001
AL Rutting (RUT):

0K | X Cancel |

Flexible — Subgrade Rutting Equations

Distress Model Calibration Settings - Flexible New

AL Fatigue] AC Rutting I Thermal Fracture} CSM Fatigue  Subgrade Rutting I AC Cracking] CSM Crack\ng] IR1 }

] fa = pennanent deformation for the laer
c _ [ﬁ] H = number of zepetitions
o M Er = average vertical strain (iin)
é‘a(N): 135 k &, Al 2| e h = thickress of the laver (i)
1 e Eo B P = material properties
¥ & = resilient strain (inin)

=
&+ Mationally Calibration
" State/Fegional Calibration

-~
Granular: Fine-grain:
k1: |203 Bs1 k1:[1.35 Bs1

Standard Devistion [BASERLT) Standard Deviation [SUBRUT]

01477 POWER(BASERUT,0LEF11)+0.001 01235 POWER[SUBRUT 0.5012)+0.001

' 0K X Cancel
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Rigid Pavement Predictions

Ride quality
Transverse cracking
Joint faulting

Pavement specific distresses
— Punchouts

— Crack width

— Crack spacing

PCC IRI Equations

Distress Model Calibration Settings - Rigid (new)

F‘unchouls} Faulting] Cracking IRlpcp I \Hl-cr:pl

C1 - Crackiny g g g o -
C2- S:Jaa‘]:hngg o[ Distress Model Calibration Settings - Rigid {new)
3. Faulting
c4 - Site Fastor c2 (04417 Punchouts | Fauling| Cracking | IR-pep  1Rl-ercp 1
oy [14s28
C1 - Punchout B
[m] EAEl
25.24 2 - Site Factor BN
C4

C2 |2835
Standard deviation initial 1R] (indmils): 0.4

Standard deviation iritial IR [in/milz); 5.4

0K % Cancel

o DK X Cancel
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Faulting

PCC Faulting Equations

Distress Model Calibration Settings - Rigid (new) |1||£|

Punchouts  Faulting | Erackingl IHI-ipcpI IHI-crcpl

Cyy = €, +(C, *FR")

Cyy = Oy +(C, *FR*™)

FoultMam = Cpy ¥ 8, ¥ Log(L+ C, *5500) % Log (B, *WetDays! p, )™
Fanltidax= Fauthaxd + C; * DE,,, * Log(1+ C, *5%%9%)

AFault = Cyy * (PaultMax - Poult)® =DE,,

Cy = Dowel Deterioration

Faulting Coefficients

[N

c2 ID.S1 E56 CE 0.4
C3 ID.DD21 848 C7 1.83n2
4 ID.DDDBSE? ca 400

Reliability [FALLT)

[nta] 250

kR

Std.Dev.  [ogERD 0087 FAULT,0517810.014

" O | A Cancel |
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PCC Cracking Equations

Distress Model Calibration Settings - Rigid (new)

2]

Punchoutsl Fauling Cracking | IHI-ipcpI IHI-crcpl

Fatigue Coefficients

o @
tog ()= c1- (e 2 [z
&
- Cracking Cosflc
1+04 705 racking Coefficients
I
EREES

Reliability [CRACK]

Std. Devw.

POWER(S.3116"CRACK 0.3303) +2.93

W 0K | X Cancel |
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PCC Punchout Equations

Distress Model Calibration Settings - Rigid (new)

Punchauts l Faulting] Eracking] IHI-ipcp] IHI-crcp]

Fatigue
cl &
_ MR /NG
log(N) =C\( )? w [z
g
C Punchout
- - E3 216.842
1+ C,Damage™
4 g o4 [arEm
c5 -0.56947
ew=C,(cw,)
Crack. 'w/idth
6 1
Rieliability [PO)
Std. Devw.

2+2. 2593 POWER(PO.0.4882)

PIX

W 0K | X Cancel
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Local Calibration

performance
— Adjust calibration settings

25

» Must match predicted and observed

N
o

+ N1 2003

=
(&)
L

= N1 2006
4 N2 2003
x N2 2006

x N3 2003
* N3 2006
+ N4 2003
x N4 2006

Predicted Rut Depth (mm)
4
%%
o
5

H
S
.
i
o=
| &%
5T
%
P4 ="
x> ¢
. .
o
e
:
3.
.
3

x N5 2003
= N6 2003
4 N6 2006
x N7 2003

x N7 2006
+ N8 2006
4 N9 2006
+ S11 2006

10 15
Measured Rut Depth (mm)

20 25

Mechanistic-Empirical Pavement
Design Guide (Version 1.1)

[ Untitied - Mechanistic Empirical Pavement Design Gulde

DEa ¢

= NEMG

Mechanistic-Empirical Pavement Desiga Guide
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MEPDG Online Resources

http://www.trb.org/mepda/
— NCHRP 1-37A Documents

— Software
« MEPDG and Climate Files

Google "Highway Community Exchange 1-37A”
— Web-based discussion group

http://www.fthwa.dot.gov/pavement/dgit/index.cfm
— FHWA Design Guide Implementation Team (DGIT)

http://www.eng.auburn.edu/users/timmdav/IMEPDGW
ebsite/draft2/index.htm

— MEPDG interactive help resource

General Design Procedure
Select Design Criteria '
Select Pavement '_I'_ype Ll Thresholds and Ll Deflr!e
and General Conditions I Traffic
Reliability
Define
Climate
|
Build Cross
Section
Execute
Program
No
Results
Acceptable Evaluate | |
5 Results
( Final Design )
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MEPDG Design Levels

e Level 1 =1 know a lot!

* Level 2 = | have a pretty good idea

* Level 3 = I'm sort of guessing here

| Untitled - Mechanistic Empirical Pavement Design Guide
File Edit wiew Tools Help

Dl 7

eneral Information

Analpsis Status:
[ sitefProject Identification

Analysis | % Complete
[ Analysis Parameters
& ot [ Results
- W Traffic = [0 Input Summary

= O Traffic Yolume Adjustment Factors ] Froject
[ Hanthly Adjustment: EI Traffic General Project Information:
L vehicle Class Distribution B climatic R TR
O Haurly Truck Distribution [E] pesign T
O Traffic Growth Factor B] Laver Desian Life 20vears

[ Axle Load Distribution Factors B output Summary Climate

= O general Traffic Inputs

Construction Date /2006
[ Wumber Axles/Truck

Traffic Open Date  10/2006

Initial AADTT
[ Axle Canfiguration
O Wheelhass Propertiss
W Climate Sefting | Value
- LI structurs Units US Customany
W Layers

Analysis Type  Probabllitic
Output Type  Escel Worksheet
Warnings  Enabled

Run Analy

For Help, press F1
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General Information

al Pi General Information

File Edit Wiew Tools Help

- Project Mame:  |Project]
%D = Hd ‘ ? | I Description:

Project [C:\DGE20023Projecks\Project1.dgp]

O General Infarmation Design Life [years] IE l

O sitefProject Identification

Baze/Subgrade

O Analysis Parameters Constructign Wanth: IAugust ;I e IZUUB LI
Pavement
Construction Month: ISeptemher x| ear IZDDE |

Traffic open

IDclnher LI Year IZDDE LI

okt
-; Inputs
W raffic ~ Type of Design
2L 'I'Er.laffic Wolume Adjustment Fackors New Pavement
Monthly Adjustrnent Jointed Plain Concrete Continuously Rei
i Iy Feinforced
[ Vehicle Class Distribution %' Flesdble Pavement Pavement [JPCP) Concrete Pavement [CRCP)
[ Hourly Truck Distribution
[ Traffic Growth Factor - Restaration
g Axle Load Distribution Factors " Joinked Plain Cancrets Pavemert [JPCP)
General Traffic Inputs
[ mumber AxlesTruck ~ Dverla
O axle Configuration
O wheebase " Asphalt Concrete Dverlay  PCC Overlay
B cimate ;I I ;I
W structure
HIM& Design Properties
= | Layers

B Layer 1 - Asphalt concrete o 0K | X Cancel |
M Thermal Cracking

| Untitled - Mechanistic Empirical Pavement Design Guide

File Edit Wew Tools Help
DEHE 2]

§ Project [C:\DGZ002 ProjectsiProject 1 dgp]

O General nformation

[ siteProject Identification

i | Analysis Parameters

Analysis Parameters

Froject Mame: lF'rDiecﬂ—
Initial IR1 fin.fmi) IEE

-~ Performance Criteria
! Inputs
E . Teie O Rigid Pavement O Flesible Pavement |
= O Traffic Volume Adjustmel
[ Monthly Adjustment Lirnit Fieliability

E :ehlc‘leflasi II;).IS:HE v Temninal IRI [in/mile] 172 a0 ]
ourly Truck Distriby .
N AL Surface Down Cracking |2ggg 90 y
[ Traffic Growth Facta v Long, Cracking (ft/mi]
[ pxle Load Distribution F4 w AL Batlam Up Cracking |25— lgn—
= El General Traffic Inputs Alligator Cracking [%) f
Mumber Axles(Truck I
W] Rtz .xes)’ .ruc ¥ AL Thermal Fracture [ft/mi] 1000 90
[ axle Configuration
O wheebase Chemically Stabilized Layer |25 90
B Cinate F F atigue Fracture(%] L
= M structure ¥ Pemanent Defarmation - Tatal Pavement [in] 0.79 90 g
: HMA Design Properties v Pemnanent Deformation - 45 Only [in] 025 IEIEI— |
Layers

B Layer 1 - asphalt co
B Thermal Cracking

" OK | X Cancel |
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i Inputs

= B Traffic
- [ Traffic Yolume Adjustment Factors
[ Manthly Adjustment
[ wehile Class Distribution
[ Hourly Truck Distributian
[ Traffic Growth Factor
[ Axle Load Distribution Factors
-1 [ General Traffic Inputs
[ mumber &xles/Truck
[ axle Configuration
O wheelbase
B climate
= . Skructure
W HMa Design Properties
= | Layers
B Laver 1 - Asphalt concrete
B Thermal Cracking

Traffic i

Design Life [years):

|
October, 2006

Opening D ate:

Initial bao-wap AADTT:

Mumber of lanes in dezign direction:
Percent of trucks in design direction [%]:
Percent of trucks in dezign lane [%]:

Operational speed [mph):

Traffic Volume Adjustment: [ Edit
Axle load distribution Factar: [ Edit

O Edi
Traffic Growth  |Compound, 4%

[ Impaort/Espart
General Traffic Inputs

" OK | X Cancel |

|

; Inputs
- [ Traffic
=[O Traffic Yolume Adjustment Factors
[ monthly Adjustment
[0 wvehicle Class Distribution
[ Haurly Truck Distribution
[ Traffic Growth Factor
[ #xle Load Distribution Fackors
- O General Traffic Inputs

Monthly Volume Adjustments

2|

O Marthly Adiustment ]D ‘ehicle Class Distribution] I Hourly Distribut\on] [ Traffic Growth Factors]

Load Monthly Adjustment Factors [MAF]

[88r Load MAF From File
[ Export MaF to Fie

" Level 1: Site Specific - MAF
* Level 3 Default MAF

anthly Adjustment Factars

0 humber Aodles/Truck Class | Class | Class | Class | Class | Class | Class | Class | Class | Class
[ Axle Configuration LidermiD | 1 5 [ 7 [ o | 10 | 1| 12| 13
O wheelbass Jaruary 100 100 100 100 100 100 100 100 100 1.00
B Clinate February 100 100 (100 100 100 100 100 100 100 100
B structure March 100 (100 100 100 (100 100 100 100 100 100
B M8 Design Properties Al 100 (100 100 100 100 100 100 100 100 100
B Layers My 100 (100 100 100 100 (100 100 100 100 1.00
Jure 100 (100 100 100 100 100 100 100 100 1.00
B Layer 1 - Asphalt concrere July 100 100 100 400 100 100 [100 [1.00 100 1.00
B Thermal Cracking August 100 (100 100 100 100 (100 100 100 100 100
September 100 100 (100 100 100 100 100 100 100 100
Qtober 100 (100 100 100 (100 100 100 100 100 100
Movember 100 100 100 100 100 100 100 100 100 100
December 100 100 (100 100 100 (100 100 100 400 100

o OK | X Cancel |
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Vehicle Types

_! Inputs a m_

[ Traffic
= [ Traffic Yolume Adjustment Factars [ Monthly Adiustment [ ehicle Class Distribution ]|:| Hourly Distiibution | (] Traffic Growth Factors |
L1 Meanthly Adjustment AADTT distribution by vehicle class

[ wehicle Class Distribution

[ Haurky Truck Distribution Besed) 18 % L
Load Default Distribution
[ Traffic Growth Factor Class5 24E m
[ #ide Load Distribution Factors " Level 1: Site Specific Distribution
- [0 General Traffic Inputs Clasz & 7.6 EE
O mMumber fxles/Truck -
O awde Configuration Class 7 0.5 @
[0 wheelbase '—
B Climate Class 8 50 IQ:&
~ B Sstructure B B Q& & Level : Default Distribution

B Hwa Design Propetties

= [ lge Cesst0 38 m
B Laver 1 - Asphalt concrete
B Thermal Cracking Class 11 0.8 l;l_gb
Cassi2 |33 m
Oess13  [153 m

Total 100.0 Mote: AADDT distribution must total 100%.

(68 Load Default Distribution |

o OK | X Cancel |

Default Vehicle Type Distributions

Hourly Dlstﬂhullun] [ Traffic Growth Fact [_ a a‘

AADTT distribution for the

Select general categony: |Prmclpa\ Arterials - Interstate and Defense Iﬂ selected General Categom:
Load Drefault Distribution * = recommended valug Wehicle Class Percent(X]
£ Level1: Site Specific Distibution |+ [ 71€ | Bus® | mumi-Traiter % |Single-trailer and Single-unit(SU) Trucks Cled |3
r P 5 [=2%) (=10%) Predominatety Single-trailer trucks. a5
C |5 (2% |(=10%) “High percertags of single-traer truck with some single 2" >
o CEEEl 2%, =10%, Mixed truck traffic with a higher percertage of single-r:
Dlass& |28
,—_| r P 13 [=2%) (=10%) Mized truck traffic with about equal percertages of sing
r 16 (=2%) (=10%) Predominarthy S!ngle—unll trucks. Class 7 03
" Level 3: Default Distibution r P 3 [=2%) (2-10%) Predominartly single-trailer trucks
T [=2%) (2 -10%) Mized truck traffic with a higher percertage of single-tr: 76
Class 8
oad Default Distibution = - ized truck traffic with about equal percentages of sing
Load Default Dristributi 10 (=2%) (2-10%) Mixed truck traffic with about | it i i
r 15 [22%] (2 - 10%) Predominantly single-unit trucks: Class 9 74
W 1 (=2%) (=2%) Predominartly single-trailer trucks
r ® 2 (=2%) (=2%) "Predominantly single-trailer trucks with a low percentar Clagg 10 |12
r P 4 (=2%) [=2%) Predominartly single-trailer trucks with & low to moders
r & (=2%) (=2%) Mixed truck traffic with a higher percertage of single-ur  Clags 11 |34
= = e truck traffic with about equal percentages of sing
£l (=2%) (=2%) Mixed truck traffic with about | it i i
r 12 (=2%) (<2%) Mixed truck traffic with a higher percentage of single-ur Class 12 |06
. . I 14 (=2%) (=2%) Predominarthy single-unit trucks
I el st (e T r 17 (225%)  |(=2%) Wixed truck traffic with sbout equal single-uit and singl Dlass 13|03
< >

Cancel " OK | X Cancel ‘
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TIC . - Vehicle/Truck Class Distribution (percent)

Group TTC Description 3 5 5 7 8 9 10 11 12 13
1 Major single-trailer truck route (type I) 1.3 8.5 0.3 7.6 74.0 1.2 34 0.6 03
2 Major single-trailer truck route (Type II) 2.4 14.1 4.5 0.7 7.9 66.3 1.4 22 0.3 0.2
N Major single- and multi- trailer truck 0.9 116 16 02 o 620 18 26 L4 62

route (Tvpe I)
4 Major single-trailer truck route (Type III) | 24 22.7 5.7 14 8.1 55.5 1.7 22 02 04
5 Major single- and multi- trailer truck 0.9 42 15 0.6 69 540 50 27 12 1.0
route (Type II).
Int diate light and single-trailer truck
p , ermediate light and single-trailer truc| - a0 | 73 05 03 | aas | 23 Lo 04 03
route (I)
7 Major mixed truck route (Type I) Lo 238 | 42 0.5 102 | 422 5.8 6 1.3 8.4
8 Major multi-trailer truck route (Type I) 17 | 193 | 46 0.9 67 | 448 | 6.0 26 16 | 118
9 7 M M tra1 - -
Intermediate light and single-trailer truck 13 340 | 117 L6 0 362 Lo s 02 03
route (II)
10 | Major mixed truck route (Type IT) 0.8 30.8 6.9 7.8 375 3.7 45 6.7
11 Major multi-trailer truck route (Type II) L8 24.6 7.6 0.5 5.0 313 9.8 0 3.3 153
12 Intermediate light and single-trailer truck 5o | 408 | 117 s 22 | 250 | 27 P 03 s
route (III)
13 Major mixed truck route (Type IIT) 0.8 33.6 6.2 0.1 7.9 260 | 10.5 1.4 32 10.3
14 | Major light truck route (Type I) 2.9 569 | 104 3.7 9.2 153 0.6 0.3 0.4 3
15 | Major light truck route (Type II) 18 565 | 85 1.8 6.2 14.1 54 0.0 0.0 5.7
16 Major light and multi-trailer truck route 1.3 484 | 108 1.9 .7 13.4 4.3 0.5 0.1 12.6
17 | Major bus route 362 | 146 | 134 | 05 146 [ 178 | 05 0.8 0.1 15
http://onlinepubs.trb.org/onlinepubs/archive/mepdg/Part2_Chapter4_Traffic.pdf

Hourly Volume

&

Inputs

olume Ad en 0
O Traffic —
- O Traffic Yolume Adjustment Fackors O onthly Adiuslmenl] [ ¥ehicle Class Distibution [ Hourly Distribution I [ Trafiic Gowth Factors
[ Monthly Adjustment Hourly truck traffic distribution by period beginning:
[ wehicle Class Distribution Midhight ‘2 3 Noon |5 3
O Haurly Truck Distribution
[0 Traffic Growth Fackor 1:00 am ‘2_3 1:00 prn |5_9
[ Axle Load Distribution Factors
200 200
- O cereral Traffic Inputs am ‘2'3 P |5'9
O mumber AxlesiTruck 3:00 am ‘2_3 300 pm |5_g
[0 awxle Configuration 400 400
[ wheelbase soam ‘2'3 el |4'B
B cimate 5:00 am ‘2_3 500 pr |4_5
W structure
B HMA Design Properties £:00 am ‘5-0 6:00 pm |4-S
= W Layers 7:00 am ‘5 0 7:00 pm |4 3
B Layer 1 - Asphalt concrete
B Thermal Cracking §00am 5g §00pm 31
9:00 am 900 pm
‘5'0 |3'1 Hote: The haurly
10:00 am ‘5.3 10:00 pm |3.1 distribution must batal 100%
1100 am [ 100pm [3 Tetal 100
& OK | X Cancel |
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Traffic Growth

_! Inputs ﬂ
- O Trarfic :
— [ Traffic Yolume Adjustment Factars [ Monthiy éciustment | [ Wehicle Class Distrbution | 1 Hourly Distribution [ Traffic Grawth Factors l

[ Monthly Adjustment

[ wehicle Class Distribution Opening Diate October, 2006 AADTT:  [5000

[ Hourly Truck Distribution
O Traffic Growth Factar Design Life [pears):  [2 % Traffic: Design Direction: |30

[0 Axle Load Distribution Factars % Traffic Diesign Lane: 95
- O General Traffic Inputs

[ mumber axlesiTruck.

™ Vehicle-class specific biaffic growth

[ axle Configuration Diefault Growth Function
S 0 wheelbase Mo Growt
Climate
W Structure " Linear Growth
B HMA Design Properties * Compound Growth
-1 Layers 2
B Layer 1 - Asphalt concrete Dl i gelie () 4

B Thermal Cracking

Yiews Growth Plots

Mote: Wehicle-clazs distribition factors are needed to view the effects of traffic growth

" OK | X Cancel |

Axle Load Distributions

[ wehicle Class Distribution r ﬂ @
[ Haurly Truck Distribution
O Traffic Growth Factor Axle Load Distribution Wiew
[ Axle Load Distribution Factars @ Ll Sito Speslic H Export &xle File Ale Types
5 [ General Traffic Inputs - " Cumulative Distribution * Single Axle
[ mumber &xles/Truck :‘ f+ Distribution £ Tandem Axle
[ sle Configuration {+ Level 3: Default ‘ |  Tridem Auxle
O wheelbase » ezl
W Clmate
B Structure Aule Factors by Axle Type
: HM& Design Properties Season | Veh.Class |  Total 3000 4000 5000 6000 100 ~
- W Layers Jaary |4 100.00 e .36 281 3.9 =
B Layer 1 - Asphak conerete January |5 100.00 1005 1321 16.42 10861 2.2
B Thermal Cracking January 6 100.00 247 178 345 385 6.7
January 7 100.00 214 0.55 242 27 321
January 8 100.00 11.65 537 7.84 6.99 7.9
January £l 100.00 1.74 1.37 2.84 3583 493
Janary 10 100.00 364 1.24 236 338 518
Janary 11 100.00 355 281 5148 527 6.32
January 12 100.00 665 229 4.87 5.86 597
January 13 100.00 585 267 3.81 5.23 6.03 A
£ >
0K | X Cancel
¥ Help, press F1
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- O Traffic Yolume Adjustment Fackors
O Manthly sdjustrment
O vehicle Class Distribution
O Hourly Truck Distribution
O Traffic Growth Factor
O axe Load Distribution Fackars
- [ @eneral Traffic Inputs
[0 mumber sxlesiTruck
[ axle Configuration
O wheelbase
B climate
- B structure
W Hma Dresign Properties
=N | Layers
B Laver 1 - Asphalt concrete
B Thermal Cracking

for Heln, nress Bl

L ]

Axles Per Truck

Lateral Traffic W ander

18
10
12

e e

Mean wheel location [inches from the lane marking):
Traffic wander standard deviation [in):

Dezign lane width [ft): (Mate: This iz not zlab width)

O MNumber AxlesTruck l|:| Al Configuration] O Wheelbase]

Single | Tandem | Tridem | Quad |

Class 4 162 0.39 u] u]
Class 5 2 0 0 0
Class 6 1.02 099 u] u]
Class 7 1 0.26 0.83 u]
Clazs § 238 067 a a
Clazs 9 113 193 0 0
Class 10 1.19 1.09 0.89 u]
Class 11 4.29 0.26 0.06 u]
Clazs 12 3452 114 0.06 a
Class 13 215 213 0.35 u]

W 0K | X Cancel |

- O Traffic Yolume Adjustment Fackors
O Manthly Adjustment
O vehicle Class Distribution
O Haurly Truck Distribution
[ Traffic Growth Fackar
[ #xle Load Distribution Factors
- [ General Traffic Inputs
O Mumber Axles(Truck
[ axle Configuration
O wheelhase
B climats
- B structure
B Hma Design Properties
-l Layers
B Laver 1 - Asphalt concrete
B Thermal Cracking

of Help, press F1

Axle Data ! ||

—
—
T

Lateral Traffic ' ander
tean wheel location (inches from the lane marking]:
Traffic wander standard deviation (in):

Drezign lane width [ft): [Mote: Thiz iz not slab width]

O Mumber dxles/Truck [ Axle Configuration l|:| W’heelbase]

-

Ayverage axle width [edge-to-edge)
outgide dimenszions, ft]:

Dual tire spacing (in):

Tire Preszure [psi)

Agle Spacing [in]
Tandem axle: 51.6
Tridem axle: 432
(uad axle: 432
" 0K | X Cancel |
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Axle and Lane Geometry

, . Edge Stripe
Center L S
|_ cuterme Design Lane Width R
v Traffic
Wander
Standard
f}( Deviation
I Dual Tire Spacing
Mean
I o Wheel
A .
Location
Axle l¢_Average Axle Width |
I Spacing ! !
I _ v
"

- O Traffic volume Adjustment Fackors
O Monthly Adjustment
O vehicle Class Distribution
O Haurly Truck Distribution
O Traffic Growth Factar
[ axle Load Distribution Factors
- [ General Traffic Inputs
O mumber fxles Truck,
[ Axle Configuration
[ wheelhase
B climats
B Structure
W HMA Design Properties
=N | Layers
B Laver 1 - Asphalt concrete
B Thermal Cracking

£l

-

Lateral Traffic W ander

Mean wheel lozation (inches from the lane marking]: 18
10

T

Traffic wander standard deviation [in):

Dezign lane width (ft): [Mate: This iz not zlab width)

[ Murber Axles/Truzk | O Axle Configuration [ Wheelbase ]

‘wheelbase distribution information for JPCP top-down cracking. The wheelbasze
refers ta the spacing between the steering and the first device asle of the
truck-tractars ar heavy single units.

‘Wheelbase 1 |

Shart M edium Lang
Average dule Spacing [ft) |1 z |1 5 |1 g
Percent of trucks (%] |33.0 |33.u |34.0
W 0K | X Cancel |
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Climate

« MEPDG uses Enhanced Integrated Climate
Model

— Historical weather data

— Future projects of
» Moisture movement
* Moisture state
* Temperature

Climate
| 21

; Inputs Bt elictic il Latitude [dearees. minutes]

- O Traffic
Longitude [degrees. minutes|
= O Traffic wolume Adiustment Factors . . gitude (d=g ]
Import Import previously generated climatic data file.
Elevation [ft]

O mMonthly adjustment
[ vehicle Class Distribution Generate Generate new climatic data file r
O Hourly Truck Distribution
O Traffic Growth Factor Depth of water table (ft) |
O Axle Load Distribution Factors |nnuslaverage |
- O General Traffic Inputs
O wumber fxlesTruck
O Axde Configuration
0O wheelbase Mote: Ground water table depth is a positive
B dinate number measured from the pavemnent suface.
- W structure
B HMA Design Properties
--A Layers
B Laver 1 - asphalt concrete
B Thermal Cracking

Cancel

For Help, press FL
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&+ Climatic data for a specific weather station.

" Interpolate climatic data for given location.

Specific
Weather
Station

Select Station
Cancel

2]x]|
Latitude [degrees. minutes)

Longitude [degrees. minutes]
Elevation [ft]

[~ Seasonal

Depth of water table {ft) |
Annual average 10

Mote: Ground water table depth is a positive
number measured from the pavement surface.

Select weather station

ANMISTON, AL ~
BIRMINGHAM, AL

DECATUR, AL

DOTHAN, AL

EVERGREEN. AL

HUNTSYILLE, AL

MOBILE, AL

MOBILE, AL

[0 A

MUSCLE SHOALS, AL
ROY. AL

TUSCALODSA, AL v
Station Location:

MONGRY RGHLIDANNELLY FDJ4P

Months of available data116

Months miszing in file:0

" Climatic data for a specific weather station,

+ |nterpolate climatic data for given location.

Interpolate
Weather
Station

EUBEUREY

1717

[?]

3236 Latitude [degrees. minutes)
-85.28 Laongitude [degrees. minutes)

714 Elewvation [ft]

I” Seasonal

Depth of water table {ft) |
Annual average 10

Mote: Ground water table depth iz a pozitive
number meazured from the pavement surface.

31.6 miles COLUMBLS, GA - COLUMBUS METRO AIRFORT Lat. 32.31 Lon. -84.56 Ele. 435 Months: 116 [C)

57.3 miles MONTGOMERY, AL - MONGRY RGNLIDANNELLY FDJAF Lat. 3218 Lon. -86.23 Ele. 230 Months: 116 [C)
60.0 miles TROY, AL - TROY MUNICIPAL AIRFORT Lat. 31.52 Lon. -86.01 Ele. 330 Months: 65 (C)

71.7 miles ANNISTON, AL - ANKISTOMN METROPOLITAM ARPT Lat. 33.35 Lon. -85.52 Ele. 603 Months: 93 [C)

74.3 miles ATLAMTA, GA - PCHTRE CT-FALCON FLD ARPT Lat 33.22 Lon. -84.34 Ele. 837 Months: 116 [C)

86.3 miles ALABASTER, AL - SHELBY COUNTY AIRPORT Lat. 3311 Lon. -86.47 Ele. 572 Months: 93 (M1)

Select stations for generating interpolated climatic files.  The best interpolation occurs by selecting
Generate stations that are geographically close in differing directions. & station without missing any data is

denoted [Clomplete. [MH] denotes missing month.
Cancel Prezz the Generate button after selecting desired weather stations and inputing Elevation
and Depth of Water Table. Mizsing data for a given station will be interpolated from

complete stations.
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Far Help, press F1

B Laver 1 - Asphalt concrete
B Thermal Cracking

HMA Design Properties

- ] General Traffic Inputs | = M Flezible Sumomat I i
O Mumber &xles|Trudk P E m‘
O axle Configuration i o
O wheelbase HMA E* Predictive Model

O climate

5 B Structure (% NCHRP 1-374 Yisocity based model {nationally calibrated),
B HMA Design Properties " MCHRF 1-40D * hased model (nationally uncalibrated),
=N | Layers

HIMA Rutting Madel Coefficients

% NCHRP 1-374 coefficients (nationally calibrated),

Check to set a Fatigue analysis endurance limit [only
applicable ko botkorn up alligator cracking] (ricrostrain):

& OK | X Cancel |

—

O wheelhase
O climate
- W structure

-l Layers

B Thermal Cracking

For Help, press F1

[ Traffic Growth Factor P
[ Axle Load Distribution Fackors |
- O Gereral Traffic Inputs
O Mumber &xlesTruck
O axle Configuration Layers

O Hma Design Properties

B Laver 1 - Asphalt concrete

Input Structural Layers

Surface short-wave absorptiviy:  |0.85

|

te

Insert Delete

Layer Material Thicknes | Interface

Opening Cate: October, 2006 Design Life [yearsk |2 . " OK x Cancel

Edit
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Insert Layer

Surface short-wave abzorphiviby: 085

L T
A Insert Layer After 1 X|
Layer A
1 Inzert after; ILayer'I - Asphalt I
b aterial Type: IGranuIal Baze ;I
M aterial IErushed qravel ;I

Laver Thickness

Thickness [in) I'IU [ Last layer
Insert | " DK | X Cancel |

Asphalt Material Properties

l \S p h alt Level: T3 v] Asphalt material typs: IAsphaIt concrete ;I
M iX Layer thickness [in]: I‘ID

[ Asphalt Mix ||:| Aszphalt Binderl [ &sphalt Generall

2 & 3 Aggregate Gradation
Cumulative % Retained 344 inch sieve: |0

Curnulative % Fetained 3/8 inch sieve: |23

Cumulative % Retained #4 sisve: 0

% Pagzing $200 sieve:

1117

« 0K | X Cancel | View HMA Plots

101



Timm and Turochy Introduction to M-E Design Short Course — Final Report

Asphalt Material Properties

|Asphalt concrete ﬂ

AS h alt Level m Azphalt material type:
Layer thickness [in): 10
M IX [ Asphalt Mix l|:| Aszphalt Binder] [ &sphalt General]

L eve I 1 Dwnamic Modulus T able

Murmber of 5 - Murmber of 4
temperatures: I~ frequencies: I~

Minxt E' i
Temperature (“F) ‘ ETEECED) |
01 1 10 25

10
40
70
100
130

& Impart | H Expart |

v 0K | % concel | View HMA Plots

|Asphalt concrete j

AS h alt Lk m Asphalt material type:
Layer thickness [in]: 10
Options
L eve I 3 * Superpave binder grading

" Conventional viscosity grade

[ Asphalt Mix O] Asphalt Binder l|:| Azphalt General]

" Conventional penetration grade

High Low Temp (°C) |
Temp (°C}|-10 -16 -22 -28 -34 -4 -46
* |
52
58
= -
0
6 |
82 |

A (10,3800 YTS: |-3.6800

v K| X cancel | View HMA Plots ‘
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Asphalt Binder Levels 1 & 2

Asphalt Material Properties ()X | asphatt Material Properties \

sphalt concrete - . [Bsphal ? -
Levet [z <] dsphak material ype. |45 =l Levt 73] Asphalt materialtype: | ephalt concrete =
Layer thickness (in]: 10 Layer thickness (in]: o
[ Asphal Mis [ Asphalt Binder | 1 Asphalt General | [ Asphat Mix [ Asphal Binder “j Asphal General |
Dplions - At Short Term Aging - RTFO Options - At Short Tem Aging - ATFO
(@ Import (+ Superpavs bindsr test data " Superpavs bindsr test data
E B " Corwventional binder test data O Bl b et ekl
Nurnber of = Mumber of = Mumber of Brookfisld =
s | e R R ER
- | Angular frequency = 10 radisec Test Temperature (°F)| Binder property |
' (Pa) Detta (°) Softening pait () 0 13000
Absolute viscosity ()| 140 0
Kinematic wiscosity (5) | 275 0
Specific gravity 77 0
Penetration
Brookfield viscosity
SO | X e | E View HMA Plots v K| X el | View HMA Plots

Asphalt

Asphalt material type: Azphalt concrete -
Level: |3 = | J

G e n e ral Layer thickness [in): "ID—
L eve IS O Asphalt M\K] O &sphalt Binder O &sphalt General l

General Puoizzon's Ratio
Reference temperature [F*): |70 Use predictive model to
1 - 3 p ) r calculate Poizzon's ratio.
Poigson's ratio: 0.35

Gravimetric Properties [Mix Design]

Binder content by weight(%]: Farameter a:
Optimum binder content ’—

[OBC) [%]): Parameter b:
Dresign air voids uzed ta

zelect OBC [%]:

Wolumetric: Properties az Built

11

Thermal Properties
Effective binder content [%]: 11.6

N Thermal conductivity [0 57
Air voids () 7 asphalt (BTUhr-ftF°)

P b Heat capacity azphalt
Total unit weight [pef]: 150 [BTUAF ] 023
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Unbound

Unbound & i
Material: ‘DUShEd gravel ﬂ Thicknesslinl: |10 —
S h [ Shength Properties ]|:| IEM}
tre n g t Input Lewel Analysis Type
" Level 1: ICH Calculated Modulus

Properties L

User Input Modulus
Poiszon's ratio: 0.35 '

I ( E ( E Coefficient of lateral " Representative value [design value|
V I 3 pressure Ko: 0.5 " (e ]

b4 aterial Property

&+ Modulus [psi]

~
AASHTO Classiisation |
o~
‘w3 Unified Clazsification |
o . .
Modulus (input) (pei): 25000
-~

Wiew Equation

x Cancel

Unbound

Unbound .
Malerial: ‘Crushed gravel j Thickness(inl: |10 1
S h [ Stength Properties l|:| IEM}
tre n g t Input Lewvel Analysis Type
T Level 1: ICH Calculated Modulus

Properties i

User Input Modulus
Puoizson's ratio:

Coefficient of lateral
pressure Ko

" Seasonal input [design value]

’0_5— * Representative valuz [design valuz)
I aterial Property
* Modulus [psi]
" CBR
’—
’7

AASHTO Classification |

R -Walue

" Layer Coeflicient - ai Unified Classification |

o~ .
Penetration DCP [rr Modulus [input] [psil 25000

" Based upon Pl and Gradation

Wiew Equation ‘ |

& OK X Cancel
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Unbound Layer - Layer #2

l l n bo u n d Hr;ls;l‘g:d ‘Erushed arawvel ﬂ Thickness(in: |6 r

O Stiength Properties ]|:| IEM}

Strength o o
f* Level1: ICH Calculated Modulus

 Level 2 @ ICH Inputs
" Level 3

P ro e rtl e S User Input bodulus
Poiszon's ratio: 0.35

" Seasonal input [design valug)

Coefficient of lateral ,057 " Representative value [design value]

I I 1 pressure Ko:
eve b4 aterial Property

Value |
k1 0.00
N Ot k2 0.00
k3 0.00

Calibrated
Dg2k2 %]

"f Level 1 inputs utilize the stress dependent FEM which has not been calibrated with distress.
L]

SN S S ST &

lUse of Level 1 is not recammended For desian at this time.

Unbound Layer - Layer #2
Unbound .
Material ‘Crushed gravel j Thicknessfin): |6 1
[ Stength Properties O ICM l
" Range * Mean
E Expart | (&8 Impart | o Update |
Sieve Percent Passing Plasticity Index (PI) 1
n O u n — Licjuid Limit (LL) -3
001 mm
Compacted Layer Mo
0.002mm 2 i r
I M 0.020mm Inchex Properties from Sieve Analysis |
A0 |k % Passing #200 87
] % Passing #40 200
. #30 124 % Passing 24 447
Properties | &
#50 D20 (mm) 0425
#40 200 D30 (mm) 1306
230 D60 (rmm) 1052
20 D40 (mm) 4619
#16
#10 338 User Overridahle Index Properties |
#a Masdmum Dry Linit Welghttpet) 1272
#4 447 Specific Gravity, Gz I 270
318" 572 Sat. Hydraulic ConductivityCfthrl I o051
12" 631 Optimum gravimetric water cortent() [T 7.4
3i4" 7T Degree of Saturation st Optimum(%) 612
1" 70.8
112" @58 User Overridable Soil Water Characteristic Curve |
2" 96 at ™ 7235
212" bt ™ 1333
EX of [ 08242
cab s 976 kit [ 1174
& OK X Cancel
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Thermal Cracking,
" Lewel1
" Level 2 &yverage tensile strength at 14 °F (pail 400,42
h I (¢ Level 3
p Loading Creep Compliance (1/psi) |
T h I Time | Low Temp(F) M Temp (°F) | High Temp (°F)
e r | | I a i 4 14 32

1 2906522007 | 474904e-007 | 6.49509e-007
H pu— 2 3258392007 | SEEE35e-007 | B.69793e-007
raC I n g L Impor 5 | 378974e-007 | 7.15782e-007 | 1.27951e-006
& Eoon 10 4243542007 | 854116e-007 | 1.71359e-005
20 4 TE25Te-007 1.01915e-006 2.29476e-006
a0 553957 e-007 1.28734e-006 3.37597e-006
100 §.2102e-007 1.53613e-008 4.52093e-005

[+ Compute mix coefficient of thermal contraction,

isture Whis [2]: 186

Agaregate coefficient of thermal contrachion: Be-006
Mix coefficient of thermal contraction (indindF):

oK | x Cancel |

:mhfﬂ'ﬂ-". ic Empirical Pavement Design Gulde [E
DEHd ¥
o Arsbyoit S1ghur
[u] Anabyiis [ % Canrglats |
o O T 100%
Ru n O Comnatic: 100
O Theemal Cracking 100%
. [ AL Ansiysis 00 Ok 45emc
Flexible T
. B [ Res
-0 = O Ingue Summary
nalysis| “= e
g %L‘:‘: Geenl Prosect Inoimation:
o 0 oeson e [
B o o g;” Dognlie  yeon
Summary Cimate CADcusments and Setings\i
=0 = [ Fleodke Surtensry mn;n:gm 272008 e
u] O Layer Mok [ 1872006
o [0 42 Mockis (k) LA G
o 0 Fapue cCrackng & »
[u] [ Sertcn Duwen Diaeringe (et
] 3 Sieface Down Crackng (ske) Dol
5] [ Betton Up Damage (k) Seting [ Vol ]
=8 ] Bottom Up Crodng (piok) Ursts - U Cuslomary.
o O Thermal Cracking Quipid Ty Encel Wonkaent
o [ Crack Depth (phot) Wareg €
o 1 Thermal (C-4) (oot}
o [ crackLengh (pke)
O crack Spacng (plet)
0 fueg
O susre sk} S e ‘
O ety L
@ StopAnalyzis
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Evaluate Results
Project: ALFlex
Reliability Summary
Distress Reliability Distress Reliability
Performance Criteria Target Target Predicted Predicted Acceptable
Terminal IRI {in/mi) 172 a0 77.8 99,939 Pass
AC Surface Down Cracking (Long. Cracking)
(ft/mile): 2000 90 25.5 96.55 Pass
AC Bottom Up Cracking {Alligator Cracking)
(%): 25 ElY 0.1 99,939 Pass
ACThermal Fracture (Transverse Cracking)
(ft/mi]: 1000 Ely 1 99,999 Pass
Chemically Stabilized Layer (Fatigue
Fracture) 25 90 NS A
Permanent Deformation (AC Only) {in): 0.25 30 0.17 91.76 Pass
Permanent Deformation (Total Pavement)
{im): 0.75 ElY 0.35 99,939 Pass

d - Mechanistic Empirical Pavement Design Guide
File Edit Wiew Tools Help
DS H| % | ~J ~J
Project [C:iDocuments and SettingsitimmdaviMy DocumentsiResearchl ALDOTM-E ShortCourselALRigid, dgp]
O General Information >
e General Information
O Analysis Parameters
Project Mame: IALHigid
Dezcription:
Design Life (vears] |2 vl
Base/Subgrade
Construction Manth LI L=t I LI
-s Inputs 5
H avement
E|E| Traffic Constuction Manth |Septemhel j ‘Vear: IZI]I]E LI
= O Traffic ¥olume Adjustmen
O Vgl i L:r:?l: open [Dotcber <] Year: [2005 <]
[ vehide Class Distribu
O Hourly Truck Distribut ~ Type of Design
[ Traffic Growth Factor
o S -~ Mew Pavement
Axle Load DISFFIbUtIU” Fa  Flesible Pavement 5 Jointed Plain Conciate Continuausly Reinforced
= D General Traffic Inputs Pavement [JPCP] Concrete Pavement [CRCP)
- O mMumber axles/Truck
O Axle Configuration — FRiestoration
[0 whesbass " Jairted Plain Concrete Pavement IPCP)
O climate
|'_—‘|E| Structure — Dverla
[ Design Features
E| B Layers " Asphalt Concrete Overlay " PCC Overlay
O Layer 1 - PP =L =]
O Layer 2 - Crushed gr:
| Layer 3 - A-1-a
' 0K | X Cancel |
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PCC Material Properties - Layer #1

O Themal ID Mi:-:l O Strength]

PCC General Properties

PCC material lJPCP Ea

The rmal Layer thickness fink IC

Pro pe rties Urit weight (pof]: I
Paisson's ratio 0.20

Thermal Froperties

Coefficient of thermal expansion [per F* « 10- B); 5.5

Themnal conductivity (BT AR 1.25

Heat capacity (BTU/B-F): 0.28

X Cancel |

PCC Material Properties - Layer #1

O Thernal [ Mix ll:l Strength]

PCC

M IX Cemertitious material content (Ib/yd™3]: RO0

P ro p e rtl e S ‘Water/cament ratio: n.4z2

Aggregate type: Limestane -
[™ PCC zero-stress temperature (F°) 95

[ Ultimate shrinkage at 405 F.H [micrastrain 534

Reversible shrinkage [% of ulimate shrinkage]: ]

Time to develop 50% of ultimate shrink age [days]: i)

Curing method: Curing compound  »

Cement type: Type | -

" OK | X Cancel |
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PCC
Strength
Properties
Level 3
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PCC Material Properties - Layer #1

Input Lewvel
" Level 1
™ Level 2
* Level 3

O Thermal] O iz O Strength ]

v 28-day PCC moduluz of rupture (psi):

[~ 28-day PCC compressive strenath (psi):

[~ 28-day PCC elastic modulus [psil:

£30

4403280

0K

X Cancel |

PCC
Strength
Properties
Level 2

PCC Material Properties - Layer #1

O Thermall O Mix O Strength ]

Input Lewvel

" Level 1

% Level 2

™ Level 3

Time Comp.{psi} |

7 Day 3560
14 Day 3900
28 Dy 4200
90 Day 4700
20 Year/25 Day|1 .44

X Cancel |

W OK
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PCC Material Properties - Layer #1

PCC O Themal | O iz O Strength ]

Input Lewvel

Strength @ Lovell

" Level 2

Properties C Lovel3
Level 1

Time E {psi) | MR (psi) |
7 Day 3300000 g20
14 Day 4000000 45
28 Day 4200000 £90
90 Day 4500000 770
20 Year/28 Day|1.2 1.2
o OK | X Cancel |

JPCP Design Features E] le

. . Permanent curlfwarp effective
l:l Slbiimess ) ([0 temperature difference [*F): 10
P ‘ ‘ Joint Design

Joint spacing [ft); |15 Sealant type: |Dther[lncluding Ma Sealant, Liquid, Silicone] j

D es | g n ™ Random ot spacingli: | |
Features e

v Doweled transverse joints Dowel diameter (in):

Dowel bar spacing [in): |12

Edge Support

™ Tied PCC shoulder Long-term LTE[%]:
™ widened slab Slab widthift]:

Base Properties

Basze type: |Granular

PO e eiiee Erodibility indew:  |Erosion Resistant [3) -

(+ Full friction contact

L Logs of full friction [age in monthe): (245
™ Zera friction contact

" OK | X Cancel |
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DEHE ¥
T! Inl Anshsit Status:
O | Aralysit | % Conrglate |
] L Tialhe 100
[ Cimt: M
B Mok o
u n B Fauking P o
I Ciscking JPCP (3
. W Susnay (4
Analysise e
2 @ = [ Irput Sunmary
=0 Praject
g % ":’::L General Project Informaion:
] [ tosan | Pl | Vaun
a 0 Lover Omantin  Dame
] O Culgadt Summary Chnate CA\Documents and Seltngsii
(m] = [ WP Smmeey Consbucton Date  S/2006
o @ Feuking Sunmery Tiakic Open Data 1072006
= B Faking Gk Il AADTT 5000
O O LT pint) 4 >
o [ cCracking Summary
] [ Cumdative Damge (sks) S .
o O Crmbing {pket) ls";lw r;:l:; ]
1 5 Cuestomany
= @ e (R Analyeia Typn Pockablistic
Oudpad Type Fared Winkshend
] Waregs  Enabied
(m)

@ StopAnalysis

Evaluate Results

Project: ALRigid
Reliability Summary

Distress  Reliability Distress  Reliability

Performance Criteria Target Target Predicted Predicted Acceptable
Terminal IRI {in/mi) 172 a0 63.8 99.999 Pass
Transverse Cracking (% slabs cracked) 15 90 0 99.999 Pass
Mean Joint Faulting (in) 0.12 30 0.012 33.339 Pass
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Timm and Turochy
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APPENDIX B - COURSE REVIEW FORM
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INTRODUCTION TO MECHANISTIC-EMPIRICAL
PAVEMENT DESIGN SHORTCOURSE
December 2-3, 2010
Harbert Engineering Center — Auburn University
Please complete this questionnaire at the end of the course.

1 = Strongly Disagree; 3 = Neutral; 5 = Strongly Ag

This course met my expectations.
Comments: 112(3|4|5

I can apply what | learned to my work.
Comments: 112(3|4|5

I have a good understanding of mechanistic-empirical pavement design.
Comments: 112|3]4]|5

The computer-based activities contributed to my understanding.
Comments: 112 |13]4/|5

The course was well-organized and delivered effectively.
Comments: 112 |13]4/|5

The length of course and format were appropriate.
Comments: 1123 |4|5

Interaction between instructors and participants was satisfactory.
Comments: 112(3|4|5

Use of participant notebooks during course contributed to learning.
Comments: 1123 |4]|5

The instructional facilities were adequate for this course.
Comments: 112|345

The break facilities were adequate for this course.
Comments: 112 |13]4/|5

What did you like most about this course?

What did you like least about this course?

Please provide additional comments on back of this sheet.
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