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Should we wait until its PERFECT?

AASHTO Guide : MEPDG

= 1958 Road Test BLi=WIEN _“ogq | TPP
Initiated Initiated

= 1962: AASHO . a 1998: MEPDG
Road Test Initiated
complete 10 = 2007; MEPDG

m 1972; Interim delivered
Design Guide 24

m 1986; Update
m 1993; Update

m 2007; still not
perfect.

4 ARA

31

45
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Should we wait until its
PERFECT?

m If we wait until there are no more
changes, we will never use It.

m [f we walit for perfection, it will be
iImpractical and cost will restrict its use.

There is NO perfect  [SSH .
procedure & it will never s

be pertect! . e |

HRH Expanding the - Possioiiity
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The Beginning

Will we get
a better

We have decided
to implement the
new MEPDG!

What am |
responsible
for?

Why, aren’t
we doing a

good job? Where do we begin; reglonal
VErsus agency issues?
HRH Expanding the Realm of Possibility




Remember where we
are coming from, as
you use the MEPDG!

» Assumptions used in the
Design Guides?

» Calibration of both Design
Guides?

» Error in the service life
predictions of both Design
Guides?

4 ARA

AD GI_JIDE FOR
A\ Design of
v\ Pavement
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Qutline

1.
2. Local Implementation Efforts

4.

5 \EPDG

Mechanistic-Empirical Pavement Design Guide

only and should not be used for design.
ped under NCHRP 1-37A and 1-40D.
software must be approved by NCHRP.

—

M
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B Does Agency Have Implementation Plan?

FHWA 100

Summary :: .
of Agency :: -

PI an S Yes <0.5 05010 10tob5.0 >5.0

Range of Cost for Implementation Plan, $M

B Does Agency Track Perfomance for Use in Calibration?

Efforts to
Implement
MEPDG
2007

70
60
50
40
30
20
10

o

Percent of Total Responding (52)

Yes < Design Life Equals Design > Design Life
Life

4 ARA
\ Expanding the Realm of Possibility
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MEPDG Global Calibration

1 [NCHRP
R =
Mechanistic-Empirical Pavement Design Guide

This softwargd§ for feview only and should not be used for design.
This software was developed under NCHRP 1-37A and 1-40D.

Distribution of this softwarc must be approved by NCHRP.

el® anana7 e

350101
50103 ® B2 e asiies 45116 % 011001
REH e 0019 434113 & 124105
480001 _ & 4oq . L 13Tz &
4po0ns @ ® 7481 : e
._Ef' e % 124106
"'11?4 120185 &% 123305
4B3%49 § 1201420103

#* Many assumptions used.
# Many inputs estimated.

Expanding the Realm of Possibility



Local Implementation Efforts—
Diversity

South-East
% ARA [EISouth-West




Why Local Calibration?

#* Expansive Soils

* Maintenance/Preservation
Strategies

#* New Technology & Material

Differences

#* Other Design Policies &
Features

Consideratiofof factorsiiNO T
iIncluded in MEPDG global calibration

process.
HRH Expanding the Realm of Possibility
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MEPDG - Local
Validation/Calibration Tools

Manual of Recommended Practice for
Calibration of M-E Based Models

1. Confirming or adjusting the global calibration
factors.

2. Detailed and practical guide to complete local
calibration. '

MEPDG Software ltself

- r . -
Mechanistic-Empirical Pavessent Design Guide
This soft d should not be used far design
Thia sc er NCHRE 1-37A and 1-400
Di ast be apptoved by NCHRE
[ " deidelane
0N
— oy
d I (=
s g

$ARA W el
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Previous & On-Going Studies

1.

NCHRP 9-30 — Experimental Plan for Calibration &
Validation of HMA Performance Models for Mix &
Structural Design.

NCHRP 9-30(001) — Conduct Pre-Implementation
Studies & Database Enhancement.

NCHRP 1-40D — A review of the M-E PDG software
& prediction methodology; & Correcting
errors/blunders in the software.

NCHRP 1-40B — Local Calibration for the
Recommended Guide for M-E Design of New and
Rehablilitated Pavement Structures.

+ARA
\ Expanding the Realm of Possibility
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Previous & On-Going Studies

m Calibration Documents:

e NCHRP Digest 284, December 2003; Refining the
Calibration & Validation of HMA Performance
Models: An Experimental Plan and Database.

e NCHRP Digest 283, December 2003; Jackknife
Testing — An Experimental Approach to Refine
Model Calibration and Validation.

m FHWA: Use of PMS data for local calibration.

m FHWA: Use of deflection basin data in the
MEPDG.

4 ARA
\ Expanding the Realm of Possibility
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Qutline

1.
2.

3. Integration of MEPDG Into
Practice -

4 \EPDG

Mechanistic-Empirical Pavement Design Guide

This software s for review only and should not be used for design.
This sofrware was de d under NCHRP 1-37A and 1-40D.
] Distribution of this software must be approved by NCHRP.

by Yy . i
) APPLIED RE/EARCH A/FOCIATEY, INC
R RIATION B

e ¥

I
R
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Integration into Practice

How do | get
this input level 1
or 2 for design?

A Major Issue — The
Unknowns!!

» Determination of properties a
& other inputs. \I
» Factors affecting properties ==

needed for design!!!!
e Source of Materials
e Contractor

e Construction Equipment ZEIBEVAN | g | HO7e1V[ (1=
for MEPDG

Software Training

4 ARA
\ Expanding the Realm of Possibility
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Data Integration: Effective use of
avallable but limited local resources.

18

Data integration:an @ “.&
ME PDG - automated process? *

* Probably NOT!

his software was developed under NCHRP 1-37A and 1-40D,
Distribution of this software must be approved by NCHRP.

(57 APPLIED RESEARCH AYOC” B/, INK
| b RANSPORTATION

-

Project
Level Data

Expanding the Realm of Possibility



Structural — Mix Design

Compatibility

1
§

——
e 84l )

the inputs.

1 | J- N, .

i

Mixture dsign & material
specifications determine

Mechanistic-Empirical Pavement Design Guide

mp

B

JAPPLIED RE/EARCH AFOCIATEL INC I i

S RANSPORTATION B
-

N

4 ARA

QUARTZITE N=.60
TOP SIZE AGG. - 3/4



Data Integration into Practice

Develop Designs Establish Specification
m Low-bid; optimize on Limits
design features m Quality Assurance
m Alternate bids; m Performance-
establish equivalent Related
designs = End-Result

m Design-build &
warranties; optimize
on performance

4 ARA
\ Expanding the Realm of Possibility
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Qutline

. Enhancements : -

MEDDG

™ Mechanistic-Empirical Pavement Design Guide

=w only and should not be used for design.
ped under NCHRP 1- and 1-40D.
ftware must be approved by NCHRP.

) APPLIED RESEARCH AJYOCIATEY, INK

. U RANSPORTATION S

e ¥
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Enhancements:
Global & Local

Global Local or Regional

\ Distress prediction \ Revisions to the default
equations or transfer values

functions \ Revisions to the
\ Revisions to the transfer function and
software: calibration coefficients
functionality \ Build libraries of inputs
v Add additional
distresses NCHRP Project 1-40B

Local Calibration Guide

< ARA
\ Expanding the Realm of Possibility
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Previous & On-Going Studies

1. NCHRP 1-40A — Independent Review,
prioritize the modifications.

2. NCHRP 9-30A — Calibration of Rutting
Models for HMA Structural and Mix Design.

3. NCHRP 9-42 — Top-Down Cracking of HMA.
4. Reflection Cracking of HMA Overlays.

5. NCHRP 9-44 — Application of the Endurance
Limit for HMA Mixes. =

\ Expanding the Realm of Possibility
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New Construction Design

Strategies

Included: Excluded:

m Conventional flexible = Aggregate surfaced
pavements roadways

m Deep strength m Semi-rigid pavements

m Full depth m Staged construction

m Asphalt treated
permeable base

m Geogrids, fabrics, &

other strengthening
materials

\ Expanding the Realm of Possibility

Mechunlstic-Empirical Pavement Design Guide




Rehabilitation Strategies

Included:

m HMA overlays with &
without milling

25

Excluded:

m Full depth reclamation
m Hot in place recycling
m Cold in place recycling

m Pavement preservation
programs

Expanding the Realm of Possibility
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Site Features Excluded from
MEPDG

B Super single tires or single tires.
m Durability & mixture disintegration.

m Volume change in soils (frost heave or
expansive soils). '

A /| : | f,
BT 7\ S PORTATION: ;
v : o : \,L:_ N
HRH Expanding the Realm of Possibility
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Summary

Implementation Considerations:

m Regional design features not included in
global calibration.

m Regional defaults that are different from
global defaults.

m Design criteria as compared to
measured values included in calibration.

4 ARA
\ Expanding the Realm of Possibility
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Summary

D=W 2

B Response Parameter & s
Calibration Factors |

m Transfer FUNCLioN & ——
Calibration Factors

m Standard Error or — =]
Standard Deviation |

v 0K | % Cancel |
Agency/User has options readily
available for design!

.‘"."' SIEH [ = AOL Mail - Microso op | 3 DG Jil g 1 ] \ari. é' I 35 am
HRH Expanding the Realm of Possibility




Value of Increased Costs & Time?

If |mproved performance/longer Iastlng
pavements & reduced life cycle costs;

Then it I1s worth the effort, time, and cost!!

Assuming enforcement of specifications.

<4 ARA
\ Expanding the Realm of Possibility




Thank you.
Any Questions? .

HPPL E
HffOCI&[Ef INC.
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Advanced Pavement Design

m Distress specific—defines what controls
the design.

m Design features—considers many more
design features and what effect they
have on distress.

®m Smoothness
m Construction defect effects.

AN
4 ARA
\ Expanding the Realm of Possibility
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Current Pavement Design
Procedures

Flexible Pavements B Rigid Pavements

Responding (52)
=~ NDNW S O1O0 N
OO OO0 OO0 oo

Percent of Total

Agency 72- 81- 93- 98-
Specific AASHTO AASHTO AASHTO AASHTO

Pavement Design Procedures

4+ ARA
\ Expanding the Realm of Possibilit
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Agency Road Maps for:
Implementing the MEPDG

. R e o AaRE |
] h “ I
i - -"_l?:' J: P _
g e ety ;"' - ._-.L.‘;_-
; . ¥ - =
- —— .- = _ﬁ=LJ -' o

—

. To st’reamlme the deS|gn process
using the MEPDG-&-a.verify and

e —

. calibe ,jﬁeﬁwstressfgredlctlon,
-models T tr@\sfe\r fun‘:thn rnéruded
th th&'MEP 3. | .

HRH Expanding the Realm of Possibility




Reliability

1993 AASHTO MEPDG

m Based on traffic level; = Standard error for each
standard deviation of distress prediction
the design process & model & defined from
applied to traffic level. calibration.

Carefully review and consider the standard

errors of the distress prediction equations
for application to low volume roadways.

+ARA
\ Expanding the Realm of Possibility




Summary

Remember:

The hierarchical
iInput procedure
allows a user to
use the MEPDG
with NO major
Investment.

( 4‘; ) APPLIED REJ’EFIRCH R/OCITE/, Inc

4 ARA

37

MEDDG

c-Empirical Pavement Design Guide

f4 AT]

e |
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Deciding on Design Inputs

m Communications within &
between departments

m Traffic
m Materials
m Construction

4 ARA




Decision Factors

1. Cost of validation/calibration.

2. Value of potential improvement in
prediction accuracy.

3. Cost/Value of design & construction.
Decision: Yes, )'s A

) &
lidate & calib =W Xﬁ
validate & calibrate (\@ﬁ{& /%_:‘
m\é
=

MEPDG to our Iocalf/

J. |
conditions! 2/;

\ /
4 ARA
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PrepaFation of a M-E Design In
a Low-Bid Process

Materials
Library

Structural Design
by Agency

Mixture Design & - Layer Thickness,

Confirm Properties Type & Properties

+ARA
\ Expanding the Realm of Possibility




Implementation Areas &
Technology Transfer

® Training & communications within &
between departments

m Traffic
m Materials

m Construction @

m Calibration

4 ARA
\ Expanding the Realm of Possibility
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Structural — Mix Design Integration

8. As-Built Plans &
Performance Confirmation

Design, more

than just
volumetrics. .
i_ql> & HMA Mt Des K Volumetric
. IXture Design 2 SPT
17
Design Library of Mix
Values: Properties:
E*>7 : Dynamic Modulus
s - @3.Structural De3|gn< ey N
DI[3[T< 5 IDT Strength
()< IDT Creep
VMA

4 ARA
\ Expanding the Realm of Possibility
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Technology Transfer &
Implementation Products

Remember Products:

m Management video

m Interactive CD for software
m Implementation notes

m [raining course
m Guide text & appendices.
m User’'s Manual in support of software.

<4 ARA
\ Expanding the Realm of Possibility
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Important Activities
for Implementation

@

m Training Courses:
e Determining inputs & using software

m Communication:

e Departments need to know what information is
needed & how it is used.

m Establish sensitivity of inputs to distress

m |[dentify problem areas to reduce
frustration with software use

+ARA
\ Expanding the Realm of Possibility




Global Calibration of Distress
Transfer Functions
Distress

Pavement
Response

\
e Stresses o.‘ ¢ '
. e, 0\\ e Cracking
O Stralns_ 0\{00* e Distortion
e Deflections C-c, e Roughness

4 ARA \
\ Expanding the Realm of Possibility




Local Calibratjon™:

?‘_4___ p—
“A d| t & costly
)Lﬂ resolve'

How close is clogg enough?

6/13/2000 8:28am

Expanding the Realm of Possibility
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Outline of Recommended Practice
for Local Calibration

m |ntroduction m Standard Error
m Scope of Document Components
m Referenced m Step-by-Step
Documents Procedure
m Definition of Terms ™ Revisions to
calibratiog

m Significant of Use

m Defining Accuracy = Demonst s

Studies |
HRH Expandir;g the alm of Possibility




Validate/Calibrate MEPDG

® How many sites?
m Length of roadway segments?

m How many distress observations?

e Multiple points within segment at any one
point in time?

e Multiple points over time?

4 ARA




Distress Data Sources

*LTPP
*Special Agency Test Sections

#*PMIS Sections — A quick check:

* Do the distress predictions match our
local experience for traditional designs?

*\What is the pnmary failure mode

triggerina rehalb QN2
NCHRP 9-30 Database for

M-E Based Models
HRH Expanding the Realm of Possibilit
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CallbraTlon Ease of Use

ﬁ T_Sil -. TS

- [=]x]

D=7

Calibration Options:
m Special Analysis
= National Calibration
m State Calibration

m [ypical Agency
Values

Calibration Settings -

F

Flexible Mew

utting ] Thermal Fracture ] CSM Fatigue ] Subgrade Rutting ] AL Cracking ] C5M Cracking ] IR ]
1 2ty 1 kg
M, =D_DD-’-132*C*,BJ,IJC1[£—] [EJ
& =10%
1
Ad =4 54 f__ 8%
{V, +¥ ]

pecial Analpsiz

ational Calibration
* State/Regional

ypical Agen

| Calibration
cp W alues

National/Global | State/Regional
Calibration;

k— or C-Values

BF2: |1
k3 |1 281 Bf3: |4
Endurance I10r calcul f HbAA Fatigf aaaaa

Callibration;
B- or C-Values

||||||

Expanding the Realm of Possibility
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Calibration: Ease of Use

IR =
. | r an Sfe r AL Fatigue ] AT Rutting ] Thermal Fracture ] C5M Fatigue ] Subgrade Rutting  AC Cracking ] C5M Cracking ] IRl ]
AL Bottom Up Cracking
I t ‘ |

Cy
T8 =0, " oglthamags | T1056

5000 1
e [1 4 BT LR, Mog  (DFIO0 ) ] *[EJ

Oy = —2.40874 — 39.748 % (1 + &) 25%
Cy=—2%C"
C1 [top)

C2 [top] i C1 [bottam] |1
. C V | C3 [top] C2 (battom] [T
- VAIUCS =t

C4 [top) C4 [bottorn]  {E000

. St an d ar d Standard Deviation [TOP): Standard Dewviation (BOTTOM):
7+ 114,81 +expl0. 772-2.8527 log(T OP+0.0001 1) [32.7 + 9351 A +exp(2-2%logBOT TOM+0.0071]])
Deviation

HMA Alligator
Cracking

|" 525 MEFDG_Irvine-calibr. .

f 2§ ACL Mail - Microsoft I... | & warkshop_User Manual ™| MT_Silver City - Mech...

Expanding the Realm of Possibility
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Callbr'ahon Ease of Use

@v lew JPCP - Mechanistic Empirical Pavement Design Guide —B'E!El

D= %

Distress Model Calibration Settings - Rigid (new)

B Response Parameter
& Calibration Factors s=>[-w - c=-

100

B Transfer Function & ==
Calibration Factors

m Standard Deviation —|

Z§ ACL Mail - Microsoft 1., | | Workshop_User Manual [& MEPDG_Irvine-Calibr, .. "2 Mew_IPCP - Mechani. .. JE 9435 AM
% Expanding the Realm of Possibility



MEPDG Unique Feature

L= %

- [=]]

m Response Parameter & e
Calibration Factors

m Transfer Function & =——)
Calibration Factors

B Standard Deviation =y | ¢~ 2o

Batch runs can be completed!

Agency/User has options readily
avaﬂable for deS|gnl

\ " OL Mail - Microso shop_User Manua b, dew_JPCP hani. . = 9:35 ;;hl"-ﬂ
$ Expanding the Realm of Possibility



Local Validation/Calibration
Hypotheses

»* Mathematical models — assumed to be
correct.

* Pavement response models
* Climatic model — ICM

* HMA aging/PCC strength time dependent
model

#* Statistical or empirical models (transfer
functions) may result in bias.

» Revision of model coefficients to remove bias.

+ARA
\ Expanding the Realm of Possibility
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General Approach to Validation &
Calibration of M-E Based Models

1. Traditional Split-Sample Approach
2. Jack-Knife Testing Approach

S APPLIED REFEARCH AFOCIATEL INC

b RANSPORTATION
~

v | i ) R ..» '..
1\ ARA L Dt \ 13
\ Expanding the Realm of Possibility




Validate/Calibrate MEPDG

What data do we use”?

LTPP/PMIS & other databases!!

® How many sites?

m Length of roadway segments?

® How many distress observations?
e Multiple points within segment at 78 @
any one point in time? @ﬁj/\{w %
e Multiple points over time? g%\\ Z (‘;/{/\
= \*522}%[ /

=
4 ARA \\%\
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Data Quality Review

¢ Measured
0.4 : Predicted
Data measurement issues!
— 0.3
2 ¢
E
<02 ] ¢
£ 2
“ 0.1 —
. 2
0.0 ‘ ‘ ‘ ‘
0 20 40 60 80 100

Expanding the Realm of Possibility
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Data Quality Review

& Measured
4000.0 = Predicted
@ Pavement preservation issues!
e
= 3000.0
S .
£ 2000.0 -
() &
2 1000.0 -
©
= . >
0.0 e+ o o o *
0 20 40 60 80 100 120 140
Time (Months)

Why are transverse cracking values so diverse?

4 ARA

Expanding the Realm of Possibility
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Distress Data, Example:

Variability;
A key data
ISsue.

Example;
Fatigue
Cracking

& Neat Mix, Region 6, Route 36B, Both Directions, 2004
< 700 Neat Mixes
£ 800 ¢ g
= L 2 ’—‘
2 500 * * 0 ~
g . 400 | ¢ & ¢
gz * o, ¢,
2 £ 300 ¢ o & * o® o
G 200 | o ~‘ o o *0?
o 4
3 100 o ¥ ‘o ?% o g &
g 0 Yoo Mm—‘—
47 48 49 50 51 52 53
& Modified Mix, Region 5, Route 285B, Direction 2, 2004
S 1600 PMA M DA
£ 1400 ¢
S 1200 A &’ !
% . 1000 ’ * o
< 5 800 - %’
S o 600 | " % "~ 4
S 400 - o 0 el g
3 200 ] .‘ ‘. TR
i 0 ‘ 23 ‘
85 90 95 100 105
Mile Post

4 ARA
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Distress Data, Example:

Variabillity;

A key data
ISSuUe.

Example;
Rut Depth

& Neat Mix, Region 6, Route 36B, Both Directions, 2004
05 Neat Mixes
§ 04 * & 0““
£ 00’ * 00 we ¢
£ L Mo0%e ¥ LRortadhd Xoud
[} .
[a) . »
2 0.1
O I I I I I
47 48 49 50 51 52 53
& Modified Mix, Region 5, Route 285B, Direction 2, 2004
035 PMA Mixes
ﬁ 022 | S 4 '
< 0.25 | &
g Neo &, L0 o
JE .
2 0.15 ¢
2 041
>
X 0.05
O I I I I I I I
86 88 90 92 94 96 98 100 102
Mile Post

4 ARA
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Distress Data Analyses.
Within Project Variation Outliers

& PMA Mix, Region 6, Route 6G, Both Directions, 2005

1 "
0 05 Outliers, removed
e from calibration set.
g 04
0
g 02 00043080000000808080849¢

0 ‘ ‘ ‘ ‘ ‘

278 278.5 279 279.5 280 280.5 281

Limited area with significant different

distress value within PMIS segment.
“4)ARA

Expanding the Realm of Possibility
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Distress Data Analyses.
Within Project Variation' Abrupt Change

ldentify reasons for abrupt changes.

0.6

% 0.3 - ®ad | 4 *
Soo | gESS K3 I3
o 0.1

0

211 211.5 212 212.5 213 213.5

Sudden increase or decrease Iin

distress value within PMIS segment.
HRH Expanding the Realm of Possibility
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Distress Data Analyses.
Within Project Variation Drift
Use segments w/consistent averages.

0.5
0.45 -
04 -
0.35 -
0.3
0.25
0.2 -
0.15
0.1 -
0.05

Rut Depth, inches

258 260 262 264 266 268

Consistent change in distress over

project length, within PMIS segment.
HRH Expanding the Realm of Possibility




Data Analyses: Bias & Residual
Error from Validation/Calibration

Suggestion: Determine bias and error for
local conditions & materials.

A

A A

Predicted Value

Residual
Error

0 2 4 6 8 10 12

Measured Value

< ARA
\ Expanding the Realm of Possibility
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Global Calibration Hypothesis

Reduce uncertainty, use level 1

Calibration
Error

Level 3 Level 2 Level 1
Default Calculated Measured

V Val
HRH Val He al He Expand?’.]gl;lheeRealm of Possibility
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How Close Is Close Enough?

®

2
(GTotaI ) — (GMeasurement)

( P+ (0 f [t (e
T GLack—of—Fit T Glnput GPure

66

Quantify the total error to answer this question!

c 140

% 120 -

=R L ack-of-fit

O 2 ol & Input

o © « | Pure &

5 “[measurement

o 5 10 15 20 25
Standard Error

30

4 ARA

Construction Costs

180

160
140 -
120 |
100
80

60

wt of

Reliability

10 15 20 25

Standard Error

30

Expanding the Realm of Possibility



Uses of PMIS Data for
Validation/Calibration

m |[dentify factors/site features deviations or
anomalies between performance
observations.

m |[dentify bias between observations &
predicted distresses for different design
features & strategies.

Determination of the standard error —

Probably NOT!
HRH Expanding the Realm of Possibility




Pavement Management
Systems Data - A Resource:

m Large time-series database on
distress & pavement performance.

m Many dollars expended to develop
PMIS and collect data.

Use of PMIS data for

validation/calibration not a
simple & quick process!!!!

4 ARA
\ Expanding the Realm of Possibilit
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In Summary

Local validation/calibration:

It's an important decision but it's
your to make. :

¥ Accuracy
# Costs

w

N

[
|

Predicted IRI, m/km

Manual of
Recommended o 1 2 s
Practice for Calibrating easured IR, mikm

M-E Based Models.

< ARA
\ Expanding the Realm of Possibility
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Material Testing - Equipment
Purchased for Implementation

Unbound Mtls. HMA PCC
# Montana - No  #Montana - No Most
agencies

# Missouri - No  #Missouri - Yes have
* UT_—}’es # Utah - Yes

Expanding the Realm of Possibility
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Testing — Lab Testing

m Build library of material properties
m Build library of default values

<4 ARA
\ Expanding the Realm of Possibility




Questions for Establishing a

Data Collection Plan

1. Is input parameter important for
predicting distress?

2. Is the input parameter site/facility
specific?

3. Can input parameter be
easily/adequately measured?

4 ARA




¢ MnRoad Measured B Mississippi Measured @ Arizona Measured
- \InROad Predicted

R

Expanding the Realm of Possibility



Local Calibration Hypotheses

»* Mathematical models — assumed to be
correct.

* Response models
* Climatic model — ICM

* HMA aging/PCC strength time dependent
model

#* Statistical or empirical models (transfer
functions) may result in bias.

» Revision of model coefficients to remove bias.

4 ARA
\ Expanding the Realm of Possibility




Steps for Local Calibration

1. Select hierarchical input Policy decision.
level

2. Develop experimental
design & matrix

Level of
confidence.
3. Determine sample size

4. ldentify roadway 1. LTPP sections

segments 2. Research sections

5. Collect & evaluate data EREEEVIEEIe[IlEIIE
for anomalies

6. Conduct field Testing & distress
investigations definitions

+ARA
\ Expanding the Realm of Possibility




Steps for Local Calibration

7  Assess bias Execute MEPDG &
o _ evaluate residual
8. Eliminate bias errors.

9. Assess standard error

10.Improve model Dispersion around
precision

11.Interpretation of results
& decide on adequacy
of calibration factors

+ARA
\ Expanding the Realm of Possibility
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D(t)CI — DPredicted +€

Predicted Distress
Value

BUT, where does the
error come from?

Observed Distress Value

Design Confidence Interval Concept

(o)
0% 08
@
75% » 06 —o— Reliability = 50%
O
= 04 - —&8— Reliability = 75%
D
o 02 —4&— Reliability = 95%
95% = s
D
— 0 ‘
(a1
0 10 20

Predicted Distress Value Age, year

AP T T TS T oo T OT T Oo9IT oIt



Quantifying the Prediction
Error

eTotal — eLack—of—Fit T eMeasurement

+€ +€

Input Pure

1

0

5 0.8 - * L 2
© * P

> 0.6 .

o . ° .

) .

> 0.4 o ®

O o o :‘0 3’3 .

2 0.2 o %g %t * 3

© 0 L_e%%®

0 0.2 0.4 0.6 0.8

Predicted Values
4 ARA
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* To streamline the design process
using the MEPDG, & to verify and
calibrate the distress prediction
models or transfer function included
In the MEPDG.




Distress Model Calibration Settings - Flexible New

e Subgiade Futting | & Cracking | CSM Cracking | IRI |

& Fatigue] ac Hutting] Thermal Fran:ture] C5H Fahig

i i = pennanent deformation for the lawer
_ £ id| = mimber of repebhices
, E, [ N] £, T
5 a N 1 E.‘F h — || € h = thickress of the laver (i)
= Eo B P = material properties
r , = esiliert stmin (inin)

Trenches not

com

pleted for the

LTPP test sections!

4 ARA

(aranular: Fine-grair:
Standard Dewiation [(BASERLUT] Standard Dewiation [SUBERUT)
01477 POWER(BASERUT .0.6711+0.001 01235°POWER[SUBRUT.0.5012)+0.001

Rutting in Unbound Layers & Subgrade.

W 0K X Cancel
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Distress Mode=! “="*hration S5ettings - Flexible New

g AL Rutting l TRermal Fracture] C5hd Fatigue] Subgrade Hutting] ac Eracking] C5hd Eracking] IRl
& ;| = plastic strain (in/in

E = kz ﬁﬂl[}@T N@ ¢ ( )
&

.

= resilient strain (1nAn)

= layer temperature (°F)
k. = (O + O, *depti) ¥0.3281 96" = number of1oad repetitions
O, =—-0.1039% Hi +24868*H - 17.342
', = D.Dl?E*Hi - 1.7331* 4+ 27428

Whera: .
Eiar = total AC thickness (in) HMA Rutti ng

MCHRF 1-374

AL Fatid

|

i L

2335412 :

" Special Analyziz Brl:
> 1 5605 B

= Al 0.4731 Bi3:

 Typical Agency Yalues

Standard D'eviatian ERIRUT.0.8026]+0.001

AC Rutting [RUTY:

Wear vs. plastic

. Based on Volumetric
deformation

Properties

x Cancel
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4 ARA

Distres= Model Calibration Settings - Flexible New

AC Fatigue l Al

Fatigue

{ 1 ()
NJ,=I:I.EIEI432*C'* — —
s, B

o =10%
1

A =484 Ca— ]

(F+F J

& 1]

Cracking

" Special Analysis

" Mational Calibration

0.007566

2.9492

1.281

Endurance limit for calculation of HMA Fatigue Damage

Flutting] Thermal Fral::turel CShd Fatigue] Subgrade Flutting] aC Eracking] C5hd Eracking] IR ]

?x)

Based on
Volumetric
Properties

—

W 0K | X Cancel |
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Distress Model Calibration Settings - Flexible New

&C Top Down Cracking

a0 Fatigue] AL Hutting] Thermal Fracture] C5H Fatigue] Subgrade Bub

Cores not
taken to
confirm crack

direction for
LTPP Test
Sections!

4 ARA

Cy

B, =[
1+e

C1 [top]

C2 [top]

C3 [top)

C4 [top]

Standard Deviation [TOP):

[ —Ca* logl00 Dawage)

!

3.5

0

1000

]*1[156

g ACCracking | Copracking | IRI |
AC Bottor Up Cracking

6000 1
H= (1 n E:t.*ﬂ'.@cuﬂog...cn*lmn J *(ﬁ]

(', = —2. 40874 — 39 748 *(] +;3Mj-zsss
Cllz —2 *Clﬂ

—

C1 [bottomm)

C4 [bottorn) | 6000

Standard Deviation [BOTTOM]:

1134131 +exp(7.57-15.5%og[BOTTOM+0.0007]])

Fatigue Cracking

W UK

| x Cancel |
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Fatigue] Subgrade Rutting | AC Cracking | C5M Eracking] IRl

|

chs erved amoant of therznal craclang (f7500 £)
wression coafficient d eterrnred theoazh field calibrahon
stardard noemmal distibubion evaha ated at(l
stardard deviation of the log of the depth of cracks in the pavemernts
crack depth (in]
= flackress of & phalt Larer (1)

ﬂC’ Change mn the crack depth dus to a cooling eyels.

AR = Change in the stress intensity factor due to a cooling cyele.

A n= Fracture parameters for the asphalt muchare.
- *?E:I F = Mictare stiffhess.

O = Undamazed mixture tensile strength.

Bt = Calbration parameter,

5%
L
a9 =

TR TR

[+ State/Fegonal Calibratiore

Level 1k td. Dew. [THERMaL): |0.1468 " THERMAL + BR.0EY
Level 2 K td. Dev. [THERMAL]: 0.2841 *THERMAL + BR 462
Level 3 K: td. Dev. [THERMAL]L |0.3372 7 THERMAL + 20,422

Transverse/Thermal Cracking
w 0K | xI:ar'u:eI |

< ARA
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IR| Flexible Pavements

Regression
equations
developed [Hm
from LTPP [
test
sections,
higher
speed
roadways!

C3 [HMA]

C4 [HMA]

- Rutting
2 - Fatigue Crack

3 - Transwverse Crack
4 - HBite Factors

itting | Thermal Fran:ture] C5hd Fatigue] Subgrade Rutting | AC Cracking | CS5h Crad

0.008

0.015

IR Flexible Ower PCC

=1 - Rutting
=2 - Fatigue Crack

123 - Trangwerse Crack
24 - Site Factors

C1 (HMaspce) 08

C2 HMaspco) 2372

C3 (HMasecey |B0014

04 [HMasPogy (000822

Smoothness or IR

4 ARA
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Calibration Data Options

(4 Usiiple) exdisilnle) fasi
sactlons (LTPR & gifler
Jrojecis) for calloraiion

i

S Usinle) RIS
SEgMERISHGINE
locall czliogreiiioy]
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