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Outline
1. Local Calibration & the MEPD
Some Results

2. Materials Testing—Is it beneficial
(Rutting Example)?

3. Data Issues
4. Summary Comments
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Manual of Practice for
Validation-Calibration

Local Calibration

vl Three Part C
1. Introduction

vl NCHRP Project 1-40B; Guide to

emonstration D

locument

2. HMA using LTPP SPS and PMS sites
3. PCC using LTPP SPS and PMS sites

4 ARA




Manual of Practice for
Validation-Calibration

»* Mathematical models — assumed to be
correct.

* Pavement response models
* Climatic model — ICM
* HMA aging mode

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

4 ARA
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Bias & Residual Error Analysis

Determine bias and error for local policies,
conditions, & materials.

e 14~ :
g 12 Bias
2 10 - 7
(ab) - R A
o 2 N\ A
D A :
g 4 A =2 A Residual

2 Error

0 A

0 2 4 6 8 10 12
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Local Calibration Values

HMA
Rutting

Transfer

Function

Distress Model Calibration Settings - Flexible New

AL Fatigue Thermal Fracture] CSh Fatiguel Subgrade Fluttingl ac Eracking] CSh Eracking] IRI ]

&
.|_p: kz ﬁ”le Tt.ﬁ.Nlﬁ
E:?"

= plastic strain (in/imn)
= resilient strain (indin)
= layer tetnperature (°F)

.= (L, + O, Faephn) F0.3281 960
€, =-01039* H2 +24868%*H  —17.342
€, =00172%H2 —17331*H_ +27.425

Where:
Hae =total AC thiclkness (in)

Agency

= g g

= number ofload repetitions

State-
Reg.
Values

Typical

Values

HCHRP 1-37a4
[ Special Analysis
" Wationally Calibration
{* iCtate/Pegional Calbratior

" Tupical Agency Yalues

k1 |-2.373 Birl: |'|
k2 |1.564 Brz: |'|
K3 W Brd: |-|7

Function

iati 0 24"POWERRUT . 0.8026]+0.001
Standard Error [ it puam

W OK | X Cancel |

4 ARA
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Sources for Some Results

ok Wb E

o

8.

APT Faclilities (FHWA, FL, CA)

Test Tracks (WesTrack, NCAT, MnRoads)
LTPP SPS-1 & SPS-5 project sites.
Montana DOT experimental projects.

Northwest LTPP Projects—states adjacent to
Montana.

Kansas Pavement Management Data

Mid-West LTPP Projects—states adjacent to
Kansas

Missouri, Ohio, Utah, & Wisconsin

4 ARA
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Rut Depth Transfer Function

Local '
Calibration Range Depsrr]].dent T\)/EISSI
Parameter '

Water
o | Pr| 031030 | contnts, | 03
density

B, |0.60to 10.0 | Airvoids, 1.5

asphalt type
HMA | B3| 06510120 8“0 % | 0.95

Br2 0.90to 1.10 aggr. prop. 1.00
Includes anomalies within data set.

4+ ARA
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Rut Depth Transfer Function

Kansas; SPS-1 Mid-West

L 2
5 ¢© Kansas; SPS-5 Mid-West
A

Montana, New

Construction
Montana, Owerlays

4

SPS-1, General

SPS-5, General
MnRoads

Test Tracks

APT, Simulated Loads

Measured Rut Depth, inches
o
(0 0]
e
09
X
X ¥ + O @

0.2 - * —— Line of Equality

004 A Kansas PM, New
0 T 1 T T Construction

0 0204 0608 1 12 14 16 ¢ Kansas PM, Owerlays

Total Predicted Rut Depth,
inches

4 ARA
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Alligator Cracking Transfer Function

Local _
Calibration Range Depen.dent Typical
on: Value
Parameter
0.0005 to
By 13.21 1.0
VFA, :
HMA Bf3 0.70 to 1.35 gradation, 0
B:, - asphalt type| 1.0

Includes anomalies within data set.

< ARA
\ Expanding the Realm of Possibility



1"

Alligator Cracking Transfer Function

Measured Fatigue Cracking, %

0 20 40 60 80 100
Total Predicted Fatigue Cracking, %

> > O e

X

—— Line of Equality

<

A

Kansas; SPS-1, Mid-West
Kansas; SPS-5, Mid-West
Montana, New Construction
Montana, HMA Ovwerlays
MT, New Construction

MT, HMA Overlays

Test Tracks

SPS-1, General

Kansas PM, New Construction

Kansas PM, Owerlays

4 ARA
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Thermal Cracking Transfer Function

Local '
Calibration Range Depgrr]\.dent Tﬁfsl
Parameter '

Bt - - —
B - - —
Air void,
HMA asphalt
Bis |0.25t020.0| content, & 2.0
asphalt
hardening

Includes anomalies within data set.

< ARA
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Thermal Cracking Transfer Function

5000
4500
4000

3500
3000

2500

1000

500
0

Measured Transverse Cracking, ft./mi.

2000 A
1500

0

L 4

'

X

O

R2-0.65

Kansas; Mid-West Sites,
New Construction

Kansas; Mid-West Sites,
HMA Owerlays

Montana, New Construction
Montana, HMA Ovwerlays
Kansas PM, New

Construction

Kansas PM, HMA Ovwerlays

1000 2000 3000 4000 5000
S.-500

Predicted Thermal Cracking,

i, S,/S,-0.70

4 ARA
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What can help explain the large
variations in the local
calibration parameters?

4 ARA
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Outline
1.

2. Materials Testing—Is It
beneficial (Rutting Example)?

W
|

3.

APPLIED RE/EARCH AOCHTES, NI

3

Expanding the Realm of Possibility




SM Fatigue | Subarade Rutting | AC Cracking | CSM Cracking | IR

|

I n I tl aI 1 ‘- - - Input Level 1 ——Input Level 2 —- — Input Level 3‘
- - C,=400 * NI
Calibration ’ >
H thesi AC =k *pe)™ | 2 Z§§ g :’//,
. - . = -
yp O eSIs. 4= 1389252 % ‘Egé — "///'// _______
Input level | ° e
E
d O eS I m p aCt a0 0 500_ 1000 | 1509 2000
Predicted Thermal Cracking, ft./mi.

p reC I S I O n ? Level 1 K: Bn: 1 Std. Dev. [THERMAL]: |0.1468 * THERMAL + 65.027

Level 2 K- 05 B 1 Std. Dew. [THERMAL]: 02841 *THERMAL + 55,462

Level 3 K: |1.5 BE: |1_5 Std. Dev. [THERMAL): |0.3972 " THERMAL + 20.422

W 0OF | X Cancel |

Thermal fracture—The only distress
where standard error is dependent on
iInput level.

4 ARA
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Input Level & Standard Error

Distress Model Calibration Settings - Flexible New

=k, 8 10% TRFONF
&

»

C,=00172*H2 —17331*H
Where:
Hae =total AC thiclkness (in)

HCHRP 1-37a4
[ Special Analysis
" Wationally Calibration

{+ iState/Fegional Calibratior

" Tupical Agency Yalues

k, = (O + O, *depth) *0.3281 964
€, =-01039%H2 +24868%H

AC Fatiguefl AC Rutting l hermal Fracture] CSh Fatiguel Subgrade Fluttingl ac Eracking] CSh Eracking] IRI ]

A

= g g

—17.342
+ 27428

k1 |-2.373 Brl:

Brz:
Bri:

k2 11.564
k3 0338

Rutting & fatigue cracking
standard error function is

Standard Deviation |0.24"POWER(RUT.0.3026)+0.001

AC Futting [RUT:

A

= plastic strain (in/imn)

= resilient strain (indin)

= layer tetnperature (°F)

= number ofload repetitions

1

independent of input level;
IS this true?

] | x Cancel |

4 ARA =
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MEPDG Inputs for HMA Mixtures:

r |
-
F .: . .. ‘—

Input level 1 versus 3

Input Level 3: Input Level 1:
m Air voids @ construction = Asphalt properties
m Effective asphalt content = Dynamic modulus

by volume ——0.1HZ ——0.5 HZ —a—1 HZ —a—5 HZ —}—10 HZ —e— 25 HZ
m Gradation _ 10000 +
m Density g *
m Asphalt grade & 1000 |
m Poisson’s ratio &
8 100 | ‘
0 20 40 60 80 100 120 140
Test Temperature, F

4 ARA
\ Expanding the Realm of Possibility




Input Level 1 HMA Mix Testing:
Dynamic Modulus

Line of Equality X HMA Overlays

19

¢ New Construction

1.4

1.? 1 *
| *
0.8 ®

0.6
0.4 -

Measured Rut Depth, in.

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Predicted Total Rut Depth (Local Calibration), in.

NCHRP 9-30 Study:

Predicted versus measured rut
depths; No significant reduction
In standard error term.

\
. . :
4+ ARA
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HMA Mix
Characterization

NCHRP 9-30A:

m Dynamic Modulus

m Repeated Load
Permanent
Deformation Test

m Repeated Shear .
Constant Height Test

Loaded Wheel Test

4+ ARA
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Comparison of Standard Errors for

Rutting
Threshold | Input Level 3, | Input Level 1
Rut Local Standard Standard
Depth, in. Error, in. Error, in.
0.25 0.09 0.07
0.50 0.14 0.09
0.75 0.17 0.10

There is a benefit; but is that benefit cost effective?

4 ARA
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Benefit/Cost Ratio Analysis

22

0.8
0.7 _
D —e— Mean Predicted Value
= 06 -
O o
£ 05
e
*g 0.4 —a— 90% Reliability;
o 03 g MEPDG Input Level 3
s 02 % Error
o 01 9 L
: —x— 90% Reliability; Input
0 ‘ ‘ Level 1 Error
0 5 10 15
Age, years

Does the lower life cycle costs offset
the higher laboratory cost of testing?

4 ARA
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B/C Ratio Preliminary Results

HMA Overlay

Small Project;
<$1M

Not Cost
Effective.

Not Cost

Effective

Design | Reliability
Value, in. Level
75
0.25 85
95
75
0.50 E
95
75
0.75 85
95

Not Cost Effective

Moderate
Project

Large Project;
>$5M

Not Cost Effective

Cost of testing
is beneficial.

B/C>1.0 at
90% reliability.

Not Cost
Effective

B/C>1.0 at
80% reliability.

Cost of testing
is beneficial.

4 ARA
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Outline
1.

2.

3. Data Issues

24

NCHRP]

M-EPDG

Mechanistic-Empirical Pavement Design Guide

RPPLIED RE/EARCH AJOCHTEL, K.

ey
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. ocal Calibration: The Issues

eTotal — eLack—of—Fit T eI\/Ieasurement

+€ +€

Input Pure

N
o

Quantifying the
prediction error &
model precision
to determine why
the errors are so S
|arge 0 1 2 3 4 5 6 7 8 9 10

’\ H H Age, years
\ R Expanding the Realm of Possibility

-
a

¢ FDAC-S-4
Measured Values

= Predicted; C2=1.0
(Global Value)

—o— Predicted; C2=2.0

Total Fatigue Cracking, %
o

N
W\

!
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Important Errors

¢

26

N
o

N
(6}
©

* e FDAC-S4

Measured Values M eaS U re .
,_/_I . ——Predicted; C2=1.0 Error

(Global Value)
—e— Predicted; C2=2.0

Total Fatigue Cracking, %
S

\
(L

0 s

o 1 2 3 4 5 6 7 8 9 10
12

Age, years

-
(@)
!

¢ FDAC-C-3
Measured Values

= Predicted; C2=1.0
(Global Value)

—x— Predicted; C2=5.0

(o0}

Lack-of-Fit
Error

N

N

Total Fatigue Cracking, %
(0))

o

O 2 4 6 8 10 12 14 16 18

Age, years

4 ARA
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Measurement Error

27

0.400
< 0.350 A
£ 0.300 \# —A—19-0101
2 0.250 %—Zf/\A —e— 19-0102
2 0.200 , B /mX oKX —>—19-0103
@ - X ’ OOk X
3 0.150 ///z%‘ io}gmg}-b-o?y —o—19-0104
=0 WAk %+ 19-0105
2 0.100 o X
o A g X o-—19-0106
S 0.050 o5
0.000 ‘ | |
0 2 4 6 10 12 14
Pavement Age £ 1400.0 -
::5 120994 —~_ — > — 08-0504
£ 1000.0 - y
S — A 08-0505
§ oo ] ' / X -~ 08-0507
2 600.0 - ’
5 4000 - ‘ ] -- -4 -- 08-0502
2 2000 . g —e—08-0509
: WA
Ic—i5 00 I L — T % \-X\ _|_08'0503
O 1 2 3 4 5 6 7 —0—08-0508

4 ARA

Pavement Age, years




_— 28

Measurement Error?

¢ Measured
0.4 : : Predicted
Did equipment change?
~ 0.3
= 4
£
= 0.2 *
£ ¢
0.1 _
. L 4
0.0 ‘ ‘ ‘ ‘
0 20 40 60 80 100
Time (Months)

Data measurement errors represent the

higher component of the total error term.

4 ARA
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Policy—Lack-of-Fit Error?

29

¢ Measured
4000.0 e Predicted
@ Pavement
£ 30000 - preservation
g issues! o
£ 2000.0
> >
2 1000.0 -
S
|_
TS
0.0 e oo o o A4
0 20 40 60 80 100 120 140
Time (Months)

Why are transverse cracking values so diverse?

4 ARA
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Data Anomaly?

Is this an outlier, anomaly or

_ 12 error?

e —A— 20-0101
gl 0.8 —&—20-0102
= 06 —%—20-0103
o X - - - 20-0104
B 04 s Ty O e 20-0105
% 0.2 e ey S Y ~-0--20-0106
=

0 1 2 3 4 5 6 7 8

Construction problems & weather delays.

Weak unbound layers.

$ Expanding the Realm of Possibility



Data Anomaly?

70.00

%

40.00
30.00

10.00
0.00

Total Fatigue Cracking

- 60.00 -
50.00 -

31

20.00 -

0
T=R — ¢— 19-0101
—A —0—19-0102
/ —aA—19-0103
o -3¢ -- 19-0104
% -- 19-0105
— - — 19-0106

0 2 4 6 8 10 12 14 16
Age, years

Loss of bond between HMA layers
Stripping of HMA Mixtures

4 ARA
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Outline
1.

2.

3.

[NCHRP]

4. Summary Comments ERIE)e

stic-Empirical Pavement Design Guide

= I
FIPI'-‘LIED RUEHRCH HI)'OCIHTU Iﬂ(
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Remember where we A

A\ Design of

are coming from, as Sl
you use the MEPDG!

» Assumptions used in the
DGSIg N Guides? orcn oo LRSS o .

» Calibration of both Design
Guides?

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

NS PORTATION % : |
4 HRH E & 4l Wi
\ Expanding the Realm of Possibility




Shouﬁl 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 81 '
procedure & it will never s

be perfect! g o

4+ ARA
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Calibration of Distress Transfer
Functions

Pavement
Response Distres

TRANSFER
FUNCTION "*-1

i

000
X\ :
e Stresses (.o. ¢ .o Fatigue Cracks
e Strains \{O W' e Rut Depths
e Deflections Co.eo' e Transverse Cracks

4+ ARA )
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Where Is the error coming from?

Larger Errors: Minimal Errors:
m Measurement of distress. m Truck traffic — minimal.
m Anomalies — construction m Climate — minimal.

& material defects. = Input level 3; E*

m Policy issues/specs. — not : _
considered directly by the  [iA Mid-West LTPP Sites

MEPDG. Transfer Function  S./S,

Lower Correlation Cause: Rut Depth 0.80
Anomalies

Fatigue Cracking 0.90
Thermal Cracking 0.90
IRI, Smoothness 0.65

4+ ARA
\ Expanding the Realm of Possibility
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Summary Comments

m Materials testing is cost ==
effective for some '
conditions — the benefit
IS greater than the cost.

e Type of test?
e Mixture properties?

m Measurement error will
not be reduced by
changing the model.

4 ARA
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Local Calibration

39

Kansas

& New Construction x Owerlay —— Line of Equality

A A
N B~

Measured Rutting, in.
o
o

Total

Rutting

0.2 0.4 0.6
Predicted Total Rut D

0.8 1 1.2 1.4
pth (Global Calibration). in

4 ARA

¢ New Construction === Line of Equality X HMA Overlays

14
1.2 *
T S

0.8 1

LCocal |

0 0.2 0.4 0.6 0.8 1 1.2 1.4

Measured Rut Depth, in.
o
(0}

Predicted Total Rut Depth (Local Calibration), in.

Expanding the Realm of Possibility
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Local Calibration

Kansas

70.00
60.00
* 50.00
40.00
30.00
20.00
10.00
0.00

%

Measured Fatigue
Cracking

4 ARA

® New Construction X Overlay — Line of Equality

/

r- ]

Alligator
Cracking

-
20

Predicted Fatigue Cracking (Global Calibration), %

40

60 80

40

Measured Fatigue

A New Construction —— Line of Equality x HMA Owerlays

%

80.00
70.00
60.00

o 50.00

Crackin

40.00
30.00

20.00 X

10.00
0.00

iIrs A *AA

] AX A A

A A
A A4 a
X
% TV, Local
0 20 40 60 80
Predicted Fatigue Cracking (Local Calibration), %

Expanding the Realm of Possibility
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Local Calibration—Kansas

® New Construction X Overlay — Line of Equality

5000

£ 4000 Transverse
o . — Cracking

2000

/
1000 — m
/
0

0 500 1000 1500 2000 2500 3000
Predicted Thermal Cracking (Global Calibration), ft./mi.
A New Construction —Line of Equality X HMA Overlays

Measured Transverse
Cracking, ft./mi

3000

X
— X
2500 <
X

1500
Local

1000
0 500 1000 1500 2000 2500 3000

500
0

Measured Transverse
Cracking, ft./mi

Predicted Thermal Cracking (Local Calibration), ft./mi.

4 ARA
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Local Calibration—Kansas

@ New Construction X Owerlay —— Line of Equality

Sl e Roughness
£ 1o or IR|
] \ Values

40 60 80 100 120 140 160 180

Predicted_IRI (Global Calibration). in./mi.
A New Construction ——Line of Equality x HMA Owerlays

N
~
o
o

190.0

140.0

90.0

Measured IRI, in./mi.

LN

©

o
i

120 140 160 180
Predicted IRI (Local Calibration), in./mi.

4 ARA
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IRl Regression Equation

Calibration Dependent Typical
Parameter Range : Value
C, --- --- 1.0
C, --- 1.0
AMA T Individual [~
3 Distresses '
C, 0

Includes anomalies within data set.

< ARA
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IRl Regression Equation

4 ARA
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Measured IRI, in./mi.

200.0

180.0 o

160.0 - .

140.0 - %
&

120.0

100.0

80.0 -

60.0 -

40-0 b I I I I I
40 60 80 100 120 140 160 180 200

Predicted IRI, in./mi.

¢ Kansas; Mid-West Sites,
New Construction

¢© Kansas; Mid-West Sites,
HMA Owerlays

A Montana, New
Construction

A Montana, HMA Ovwerlays

X Kansas, PM; New
Construction

X Kansas, PM; HMA
Owerlays
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