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1. Task Background

The work of Task Bepresented the most extensive reseaftche TPF5(149) project to date.

The mechanistiempirical(M-E) modeling of HMAPCC pavements for design and analysis is a
significant undertaking, and while it is a recent topic of concern, there remain many open
guestions on this topicThus there were many challenges in the process of the Task 5 work.

Other recenefforts in HMA-PCC pavements have examined design and analyssnost
prominent is the SHRP2 R21 project, whisvelopd design guidelines for HMARCC.
However, the R2tecommendationdid not progress beyond MEPDG. That is, R21 identified
the MEPDGas a suitable basis for HMRCC design but did not modify or extend the HMA
PCC models.

TPF5(149) viewed the work of R21 as a starting point and made it a project goal to capitalize
theMEPDG frameworlwithout accepting the MEPDG models for HMACCas a limitation.
Instead, the TPB5(149) set out tadd models and featuresthe MEPDG for the benefit of
HMA-PCC project design and analysigo this end, the work of Task 5 involved the review of a
variety of M-E models for rutting and reflectiveaaking in HMAPCC.

Furthermore, Task 5 implemented viable models for rutting and reflective cracking into
companion programs the MEPDGsoftware This is a notable achievement given that other
Acompani onod pr ogr awm$)thatinvolvd mdifications of MERDR Phodéls
are not as compatible as claimed. This work allowed the5{P49) team to evaluate multiple
models and determine their suitability for HM2ACC and TICP.

The following sections detail the Task 5 investigation and implementafiM-E models for

important distresses in HMRCC pavement sections. Each section isg®itained and also
describes the necessary procedure (including software) to reproduce the results presented in this
task report.
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2. HMA-PCC Rutting Models

One advantage of the timing of the TBf.49) project is that it ran concurrently with the SHRP2
R21 project, which examined the suitability of the MEPDG for HPMEC design andnalysis.

One recommendation made by the R21 project was that while the MEPDG was found to
adequately predict rutting performance for Level 1 inputs, for Level 3 inputs the MEPDG
underestimated the extent of permanent deformation in rutting relativédtodi@(SHRP2

2012) Hence, a dual objective for Task 5 was to

1) investigate the MEPDG rutting model and the CalME rutting model and
2) develop a procedure to incorporate the CalME rutting mottekie MEPDG
framework that provides reasonable ruttprgdiction for Level 3 inputs.

The overall goal was to provide a HMACC design and analysis procedure for rutting for
pavement engineers that does not require uncommon inputs (most projects do not contain Level
1 detail)and does not force the ugmrtside of the MEPDG framework. The following

subsections describe this effort.

2.1 MEPDG Rutting Model

As detailed in previous task reports, the MEPDG divides the layers of the pavement system into
sublayers, where the thickness of each sublayer isdeted from the layer material properties,
overall layer thickness, and the position of the sublayer relative to the thickness of the pavement
system(NCHRP 2004) The pavement response in each sublayer is calculated using elastic layer
theory (JULEA). krthermore, the MEPDG uses the Enhanced Integrated Climate Model

(EICM) to calculate hourly temperature and moisture conditions through the sublayers of the
pavement structure and adjust sublayer modulus values accor@iagggn and Dempsey 1997)

Before detailing how the MEPDG models rutting, the temperature quintile conceipiiar
sublayes should be briefly introduced. HMA sublayemperatures are combined into five
quintiles for each month of the project analysis. A normal distribution is asdontbe
frequency distribution of HMA sublayer temperaturegy(rel).
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TEMPERATURE QUINTILES
#1 #2 #3 #4 #S

Z = Number of
standard deviations
from the mean

%) temperature (Z = 0).

Year=k
Month =i
Thickness Increment = j

20%
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Figure 1. Temperature quintiles used by MEPDG to @étermine HMA sublayer dynamic modulus
(from AASHTO 2008)

The average temperature within each quintile of a sublayer for each month is used to determine
the dynamic modulus of that sublaydtris important to note thataffic is assumed to be equal
within each of the five temperature quintiles; hence, for HMA projects, the MEPDG does not
relate hourly truck volumes directly to the hourly temperat(3&s$SHTO 2008)

Furthermore, EICM calculates the temperatures within each unbound subléaygicalculéion

is used, for example, to modifige resilient modulus of sublayetsat experience freezbaw.

EICM alsocalculategshe average moisture content in the unbound sublayers for each month of
the analysis period; this calculation is used to adjustetsieant modulus of each unbound
sublayer for each month throughout the analysis p€tiadson and Dempsey 1997; NCHRP
2004)

Permanent deformation in the form of HMA rutting is caused by the plastic or permanent vertical
deformation in the layers of timavement system. Given sublayer properties and associated
temperature quintiles, the MEPDG uses sublayer characteristics to determine the maximum
permanent deformation within each sublayer from horizontal and vertical sttainscal

locations throug the sublayer Hence, according to the MEPDG, rutting for a given season is

the sum of the plastic vertical deformations within each |a&aSHTO 2008).

The MEPDG model for rutting uses the plastic vertical strain under specific pavement conditions
for the total number of trucks within that condition. As conditions vary on a monthly basis, the
MEPDG uses the secalled strain hardening approach to incorporate plastic vertical strains

within each month in a cumulative deformation subsystem. The atationwof plastic

deformation is measured in the laboratory using repeated load triaxial tests for both HMA
mixtures and unbound materials, and the laboraderywed relationship is adjusted to match rut
depth observed in the field. The expression fomaeent vertical deformation in the HMA

surface layeras detailed in AASHTO (2008} then
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Doy = Eprma N = Oy kzer(HMA)loklr fer o T Yoo (2.1)
where

Dy = Accumulated permanent or plastic vertical deformation in the HMA
layer/sublayer, in.

Q,(HMA) = Accumulatecpermanent or plastic axial strain in the HMA
layer/sublayer, in/in.

Grimay = Resilient or elastic strain calculated by the structural response model at
the middepth of each HMA sublayer, in/in.

NHma) = Thickness of the HMA layer/sublayer, in.

n = Number of axle load repetitions.

T = Mix or pavement temperature, °F.

k, = Depth confinement factor.

Kar 2r.3r = Global field calibration parameters (from the NCHR&0D

recalibrationk;, = -3.35412 kpr = 0.4791 ks, = 1.5606).
b-,, 2, b3, b =Local or mixture field calibration constants; for the global calibration,
these constants were all set to 1.0.

and where
k, =(C, +C,D)0.32819¢ (2.2)
C, =-0.1034H,,,, ) +2.486&H,,,, - 17.342 (2.3)
C, =0.0174H,,,.)* - 1.733H,,,, +27.428 (2.4)
D = Depth below theurface, in.
Huma = Total HMA thickness, in.

Furthermore, the model adopted by MEPDG for deformation in unbound sublayers (including
the foundation)as described in AASHTO (20083,

o ar

Q)
; i%

O(D

Q-
p(50|l) = b k € hsml @ ¢n (25)
Cor ~
where
Dysoiy = Permanentr plastic deformation for the layer/sublayer, in.
n = Number of axle load applications.
& = Intercept determined from laboratory repeated load permanent deformation
tests, in/in.
a = Resilient strain imposed in laboratory test to obtain materiakpiiepl, b, and
r, infin.
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8 = Average vertical resilient or elastic strain in the layer/sublayer and calculated by
the structural response model, in/in.

hsoi = Thickness of the unbound layer/sublayer, in.

Ks1 = Global calibration coefficient$s;=1.673 for granular materials and 1.35 for
fine-grained materials.

bs1 = Local calibration constant for the rutting in the unbound layers; the local

calibration constant was set to 1.0 for the global calibration effort.

and where
Logb = - 0.61119- 0.01763¢W, ) (2.6)
1
a Qv
r =10° S, 9 (2.7
- (o)’ )2
daMP" @
C,=L —Q=0.0075 2.
o SLE e (28
We = Water content, percent.
M; = Resilient modulus of the unbound layer or sublayer, psi.
a0 = Regression constan&=0.15 andag=20.0.
bis = Regression constants=0.0 andog=0.0.

2.2 CalME Rutting Model

To predict rutting, CalME uses a modified version of the shaaed procedure developed by
Deacon et al (2002) to predict accumulated rut depth in HMA Igydlidtz et al 2008) This

model considers the effects of temperature, material properties, load levels, and speed.
Furthermore, it makes use of fundamental physical properties and a theoretical model to predict
pavement response caused by a load on the pavement.

CalME follows anmcrementrecursive (IR) procedure when simulating pavement performance,
wherein material properties are updated for each time increment by considering the changes in
environmental conditions, traffic characteristics, and HMA stiffness. Calculated damage
(permanent deformation for rutting, stiffness change otherwise) for each time increment is
recursively accumulated to be able to predict the pavement condition at any point in time. The IR
mechanism has been found to be an effective approach for considiemiage accumulation

(Ullidtz et al 2006)

The CalME model for rutting has been adopted for this work and is describeldsctions

2.2.1 and 2.2.2These subsections also describe the models, at times, in terms of their
incorporation into the TRB(149) procedure to avoid repeating this information in multiple
locations. The CalME procedure has been slightly modified in the sense that MEPDG project
inputs are used to develop calibration coefficiewtsich are detailed ithe course of describing
the full coupling of the CalME and MEPDG proceduresegati®n 2.3



TPR5(149)
Task 5 Report, Chapter 2

2.2.1 Rut Depth
In order to calculate the permanent deformation in an AC sublayetatie shear strain. for
a given increment is calculated as

J— [XZ
7 e ) @9

whereEgamis the damaged modulusj s P o i s s o hldsshe shaat sStress caleukatdd
using a layered elastic analysis program at 50 mm belewrthedge.

Furthermore, the effective number of load applicatidgnthat are required to produce the

condition at the beginning of the increment are calculated. The total number of load applications
Niot IS the sum of effective number of load apations and the number of load applications

during the current increment.

Nit =No + N (2.10

The inelastic shear strain in the asphalt layefor the total number of load applications during
the current increment is

' = e 8 . axpls IN(N yo IN(N,) /G20, ébS*t/ oN
=expa3+a3* Jl- e tot + ot ~0* e 2/ 0 (2.17)
gl ¢ El nge 939 (% 93%— nge Lo = ge

wherelksi s a reference shear stres#a3303ahdoNrRa & at
calibration coefficients, which take values that correspond to the HMA mix design for the upper

lift of the TICP. This calibrdon can be conducted using laboratderived values or can be

correlated using Hfield estimates, as done for the CalWEPDG coupling belowTable?2).

The permaant deformation for each AC sublaydp, is

dp=K*h*g (2.12

whereh is the thickness of the AC sublayer dfis a calibration constant = 1.4. The total rut
depth is calculated by adding the permanent deformation for all AC sublayers.

2.2.2 Fatigue Damage

The damaged moduluBg,m for a particular month is calculated based on the damdigen

the previous maih. For the very first month of analysis (traffic open month), the pavement is
assumed to be undamagead= 0).

|Og( Edam) -d= (lOg( Ei - d))* (1_ \N(month 1)) (213)
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wheremonthrepresents the current month of analygjss the modulus of intact material; and
is amaterial constant

Using the damaged AC moduluspdulus for other layers, and structural information, strain and
shear stress is calculated in the AC layer using layered elastic analysis (LEA). For the combined
MEPDG/CALME procedure of TRB(149) for TCP design, the program MnLayer is used to
calculate the elastic strain either at 100 mm into the AC layer or at the bottom of the AC layer if
its thickness is less than 100 mm. This agrees with Ca$8bmptions that rutting is confined

to the upper 10énm of the asphalt layers (Ullidtz et al 2008). Similarly, the shear stress is
calculated either at 50 mm into the AC layer or at half the depth of the AC layer if its thickness is
less than 100 mm. Five different positions of traffic wander for eachwaeigght are considered

to obtain the shear stresses and strains.

The next step involves the calculation of allowable number of load repetitidiswhich is
defined as

o ~b2 o ~g2 o ~02
a 0 a 0 afgE Q

MNp:Az*ac”“e(g *ﬂﬁdamg g = (2.14)
(;;”gf - (s; ref = gEref -

whereEt is the reference asphalt modulasktis the reference asphalt strain in microstrains;

e Wis thehorizontalstrain; andA2, b 20 2andii Zrecalibration coefficients The CalME

procedure was developed for flexible pavements requires the horizontal strain to be computed at
the bottom othe HMA layer; for TPF5(149) adoption of CalME for the MEPDG framework,

the horizontal strain is instead computed at the aeioth of the HMA layer.The calibration
coefficients are developed from laboratory tests; in the case of th&(IR®) procedw

detailed below, these coefficients are correlated to known properties of the pavement system
from MEPDG intermediate filefablel).

It is now necessary to calculd#N,, the effective allowable number of load applications that
would reproduce the condition at the beginning of the increment

MN, =3* MNp* (w)"? (2.15)

Note that the damage used in this calculation is from the previous incrementladd a
calibration parameter. The total number of load applications for the current incréthentis

_ aN g
MN,,, = MN, +€3§9 (2.16)
given that
_30en, L 8t § 2.17
N =300N,, %9%9 (2.17)
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whereNy is the number of load applications from the traffic filg,is the number of quintile
temperatures in a single month, amgs the number of load positions used.

Finally, the damager in the current ina@ment corresponding to the total number of load
applicationsMNy, is calculated as

AMN,. &
=5 ot g (2.18)
3+ MNp?

where botiMNi: andMN, arein millions (1) of load applications.

The damage is then calculated for the next incremeatlefweights, axle types, load positions,
and quintile temperatures ansingle month. Finally, it is calculated for each month in the
pavement design life, in a similar manner.

2.3 TPF-5(149) M-E Design to Mitigate Rutting in TICP

The procedure develogeinder TPF5(149) to design TICP and better account for rutting 1)
employs the input files generated by executing a MEPDG project and 2) calculates the rut depth
in an AC overlaid PCC pavement based on the CalME rutting model developed at the University
of California-Davis. The rudepth calculation is a threstep process which involves:

1. Computation of fatigue damage;

2. Calculation of rut depth based on fatigue damage;

3. Extracting information from intermediate MEPDG project files to be used as inputs
for the above calculations.

The followingsubsectioadescribe the specific steps to be employed when incorporating the
CalME rutting procedure intan MEPDG project for a TICP.

2.3.1 Create and run MEPDG for TICP project file

The first step in the modifiedPF~5(149) procedure is to create a HMCC project file in the
MEPDG program that best describes the desired TICP project. Once the project is created, the
project file should be run to completion. Doing so creatdfidrand climate aalysisfiles tha

are necessary to augment the MEPDG analysis with the CalME rutting model.

2.3.2 Run TPF-5(149) program to read MEPDG inputs for CalME calibration

The next step is to run the THEL49) program, which will read intermediate MEPDG project
files to createcalibration coefficients for the CalME fatigue and rutting models, detailed in
Sections 2.2.1 and 2.2.2 respectivelablel providesexample valuefor these coefficients for
three HMA mix designs for the calculation of fatigue damage. These coefficients were
calculated based on laboratory data for the HMA mixes of the HVS (FX8 &M and RHMA
G) and MnROAD (PG 6484) test sections by using nonlareegressionbtained by the



TPR5(149)
Task 5 Report, Chapter 2

University of CaliforniaDavis under the SHRP2 R21 projedh the combined MEPDG/CalME
program for TPF5(149), these calibration parameters are extracted directly from the MEPDG
intermediate files.

Table 1. Model coefficients for CalME fatigue model

HMA Mix A2 b2 22 u2
PG 6428 PM 1.9166 2.6490 0 4.2084
RHMA 0.3593 3.9425 0 1.7189
PG 6434 0.7546 3.3804 0 2.2463

Table2 describes values for these coefficients for the same HMA mix designs for the rut depth
calculation.

Table 2. Model coefficients for CalME rutting model

HMA Mix A3 a3 b3 23 trer
PG 6428 PM 1.9166 2.6490 0 4.2084 0.1
RHMA 0.3593 3.9425 0 1.7189 0.1
PG 6434 0.7546 3.3804 0 2.2463 0.1

The input files necessary to develop these calibration coefficients are detailed in the following
stepby-stepprocedure.The input files listed below are extracted from the outputs generated by
executing a MEPDG project. The extraction process is simplified by executipgptiram

from the compiled and buittource codé Ne wCi v i6l. GU IT.hjeexmaatsaagjuiredm
information from the structural, traffic, and temperature files of a MEPDG préjepir€2).

B ol e (] e mEEme
Select Files r{lonslants r Caculate Elntact ‘ r select Files rcongtan[g I’Cac“me Elntact ‘
Directory SALME_Rulting\MEPDG Examples\2_8_20yr ‘Choose Directory
Delta (5) 2.80611616) Tref 0.1
Structure RultingMEPDG Examples\2_8_20yr\_space.dat
(_space.dat) peref 200 A3 0.992354
R PDG Examples\2_8_20ynSingleAdeOutput csv Open File Eref Booo | Alpha3(@d) [a1zee2 |
(SingleAxleOutput.csv)
A2 120.972 Beta3 (B3) 0.2246
1EPDG Examples\2_8_20ynTandemAxleQutput.csv Open File
e ) Beta2 (B2) [1.35767 Gammas3 (v3) 2675362
Gammaz (v2) -0.67883 K 14
MEPDG ExamplesiZ_8_20yriTridemAxleQutput csv
[TridemAxleOutput.
(TridemAxleOutput.csv) Delta2 (62) 0 Poisson's Ratio 0.35
gMEPDG Examples\2_8_20yrQuadAxleOutput.csv Alpha2 {a2) 0205403935
(QuadAxleQutput.csv)
Temperature _RultingMEPDG Examples\2_8_20yr\_fatigue dat
(_fatigue.dat)

Figure 2. GUI for extracting MEPDG project input information (at left) and extracting calibration
constants(at right)
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The constants for the calculation of AC dynamic modulusisextracted from the MEPDG
temporary files and savéBligure2). The user may overrite these constants before saving
them, if required.The following subsections describe each of the input files containing the
required data for the TP5(149) pavenent design procedure.

Step 1Structural inputs from _space.dat

The MEPDG temporary file fA_space.dato i s used
AC sublayers.Figure3 presents the thicknesses of sublayers AC1, AC2, and AC3 as highlighted

in rows # 3to 5. Also, note the total number of months as highlighted in row 10 of the example

file.

| Bl G:ADocuments and Settings\Rriyam\My Documenishihesis\MATLAB Verification\MEPDGAZL7 by bsnace.dati- Notepady.: _J_JL_'3|
File Edit Search Wiew Encoding Language Settings Macro Rum TextFe  Plugins  Window 7 %
i [a L& & M iy @x BE = E = 3] EavERQRY
= _spacedatl

1 a

2 o, 1, 0.00 o

3 [T 0.50

1 z, 1, 0.50

5 3, 1, 1.00

3 4, 2, 7.00

7 5, 3, 5.00

8 G, 4, 24.07

9 7, 4, 316.92

10 61

11 0,3/ 1/19%6, 8

1z o, 1.000, 0.000

13 1, 1.000, 0.000

14 2z, 1.000, 0.000

15 3, 1.000, 0.000

16 4, 1.000, 0.000

17 5, 1.264, 0.11%

13 G, 0.344, 0.30%

15 T, 0.600, 0.346

z0 0.637, 0.340, 0.777, 0.31s

2zl 0,10/ 1/15%¢e, 3

22 0, 1.000, 0,000

23 1, 1.000, 0.000

24 z, 1.000, 0.000

25 3, 1.000, 0.000

25 4, 1.000, 0.000
Mormal text file length : 21210 lines : 891 Ln:3 <ol:1 Sel:54 Dos|\windows ANST IMS

Figure 3. MEPDG file "_space.dat", specifying pavement structure |

Step 2Traffic open timing from MonthlySeasonPattern.txt

The MEPDG f il e @ Mo nisusddyoBreadirsgahe fumlbet o monthstbetwweén
construction and traffic open as highlighted in rows # 4. Subtract thieanwhmonths between
construction and traffic open from the total number of mortighlighted inFigure4) to obtain

the number of months for actual analysis.

10
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'[:f{ EAlipcumentsand SetngsiEnyam Myl ocumenishihesissil s BV eniicationimERDEA Sy SayramonthlyseasonatiernnsixissNoiepad te JJE'
File Edit Search View Encoding Language Settings Macra Run TextF? Plugins Window ? %
Y= = 8 & DB g &k BE =12 B EavEigy
& _space.dat ] (=] fatiguedat [= MonthiyS easonPatter. et

1 Ze4.z2 343.7 254.9 154 163.7 171.2 177.1 180.6 185.8 186 186.5 206.8

2 ©.54%e+006 5.8060e+006 4.758e+006 3.405e+006 2.338e+006 1.8032+00c 1.495e+006 1

3 15.6 13.6 68.3 55.8 62.59 66.5 67.8 70.1 68.4 67.7 72.8

4 1,#Number of months between construction and traffic open

5 0 653.1 4.423e+006

65 1 717.6 4.57%e+006

72 731.1 4.665e+006

8 3 740.2 4.724e+006

S 4 747 4.767e+006

10 5 752.5 4.802e+006

11 & 757 4.831le+006

1z 7 Te0.8 4.855e+006

13 8 Te4.1 4.876e+006

14 S 767 4.835e+006

15 10 769.6 4,912e+006

1 11 772 4.9Z6e+006

17 1z 774.1 4.94e+000 | |

18 Z4 750.5 5.044e+006

1% 36 799.4 5.102e+006

Z0 48 B05.5 5.14e+006

Z1 80 810 5.16%=+006

22 72 8l3.5 5.1%2e+006

Z3 84 gle.d 5.21e+006

z4 56 818.9 5.226e+006

25 108 820.9 5.23%e+006

FE 12N R A L SC1atnng |

Mormal text File

length : 962 lines : 37

Ln:4 Col:58 Sel:57

Dos\indows

ANST

NG

Figure 4. MEPDG input file specifyingnumber of months between construction and traffic open

Step 3Temperature data from _fatigue.dat
temporary fi

The

MEPDG

| e

i _fatigue.
corresponding to each sublayer of AC. Skip records corresponding to the number of months
between construction and traffic opefigure5 presents the five quintile teraatures (T1, T2,

dat

by

o

T3, T4, and T5) for sublayer AC1 highlighted in row # 8 for the month of October 1996.

11
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| B G:\Documents and Settings\BriyamiMy Docume nishihesis\MATLAB Verification\MEPDGAZ L7 byrbufatigue: dati- Notepads. _J_Jd|
File Edit Search View Encoding Language Settings Macrn Run  TextFR  Plugins  Window 7 %
i [a B9 S & & M i @x BRE = E = B EavEQY
[= _fatigue.dat I
10, 9/ 1/1996, 10
2 0, 1, &0.2, .1, 65.8, 73.8  83.7, .55, .23
3 1, 1, &0.9, .4, 65.9, 73.5, B88.&, &0 u
4 2, 1, &51.9, .9, 66.1, 73.0, B6.4, .25, .50
5 3, 1, &53.2, .5, 66.1, 72.1, B83.8, .07
6 0,10/ 1/1996, 10
7 0, 1, 35.8, .1, 52.4, 5%.7, 73.8, .37, .68
f 1, 1, 36.4, .5, 52.4, G55.6, 72.9, .14
9 2, 1, 37.6 .2, 53.1, 53.5, 71.3, .54, .17
10 3, 1, 39.1, .2, 53.6, G58.2, £9.3, .83
111,11/ 171995, 10
1z 0, 1, 19.4, .1, 32.6, 3%.0, 48.2, .28, .44
13 1, 1, =20.0, . 3z.8, 38. 47. 41, .03
14 2z, 1, =21.0, .0, 32.9, 3%.0, 47.2, .44
15 3, 1, =22.5, .8, 33.1, 35.0, 46.4, G0
16 1,11/16/1996, 10
17 0, 1, 9.4, .3, 25.5, 28.7, 38.3, .35
18 1, 1, 10.1, .6, 25.7, 25.7, 38.%2, .05
19 2, 1, 11.5, .2, 25.9, 28.8, 37.& .38, .40
20 3, 1, 13.z2, .9, 26.5, 25.8, 36.9, .55
21 1,12/ 1/1%96, 10
22 0, 1, 14.4, .5, 26.3, 25.1, 33.4 .36, .74
23 1, 1, 15.0, .7, 26.3, =28.9, 33.4, .45
24 2, 1, 1&.0, .0, Z6.4, 28.8, 32.9, .93
25 3, 1, 17.5, .6, 26.5, =28.6, 32.3, .18
26 1,12/16/1996, 10
27 0, 1, -4.6, 6.9, 11.8, 16.6, =23.%, 10.98,  9.95
2 - . n 5 4 qnnm ac e me o aa an n cc
Mormal text file length : 23910 lines : 461 Ln:8& ¢ol:61 Sel:57

Dos|\windows ANST NS

Figure 5. MEPDG input file for temperature

Step 4Traffic data from *.AxleOutput.csv

The MEPDG t empor arOutfpiulte sc sivDi, n gilTeaAxdle mAx | e Out p
ATri demAx| eOut put.csvo, and AQuadAxl|l eQutput . c
applications due to single axle, tandem axle, tridem axle, and quad axle, respectively. The values

in the .csv files are listefr an average day in a month. Also, since the monthly temperatures

are divided intdive quintiles andour load positions are assumed, each cell has to be multiplied

with (30*0.2*0.25) to obtain the number of load applicationsofe@month onequintile
temperaturgandoneload position. The columns of the .csv file denote the weights of an axle.

Figure6 presents the input file for single axle.

12
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YT 3 = )+ SingleAxleQutput.csv - Microsoft Excel - 8 X

Home Insert Page Layout Farmulas Data Review View @ - T x
) ; . el — e = . *j 7 (mp ||g=nset - || E - %?
j 2 Calibri 11 | A a7 || | = General .g % l:jd 3 petete - | @ - &a

) LES SRS F|- | cnatrs ot S| ot | - B TGS
Clipboard ™= Font {E] Alignment £} Number = Styles Cells Editing
[ AL ~( fx | 2006

A B G D E F G H I J K L M N (o] K

1 ZDDE!Ocmber 135743  109.003 150.224| 127.212  136.22| 167.881 196.658  220.55 200.342 158.581 104.109  £9.438 49.8029

2 2006 Movembe 135.931 109.062 150.184 127.203 136.121 167.768 196.5 220.586 200.338 158.704 104.114 69.4518 49.8029

3 2006 Decembel  135.916 109.031 150.238 12711  136.19 167.728 196.514 220.587 200.418 158.645 104.143 69.4409 49.8029

4 2007 January 135.302 109.017 150.252 127.213 136.117 167.699 196.485 220.633 200.327 158.669 104.171 69.4754 49.8029

5 2007 February 135.785 109.003 150.194 127.227 136.291 167.699 196.549 220.645 200.413 158.599 104.106 69.4487 49.8035

6 2007 March 135.83 109.003  150.18 127.096 136.179 167.737 196.604 220.732 200.337 158.674 104.113 69.4478 49.8305

7 2007 April 135.785 108.887 150.659 127.259 136.163 167.548  196.48 220.605 200.346 158.584 104.097 65.4484 49.8029

8 2007 May 135.302 109.017 150.297 1271 136.173 167.685 196.542 220.618 200.374 158,599 104.151 69.4895 49.3167

9 2007 June 135.93 109.017 150.238 127.119 136.213 167.82 196.571 220.605 200.248 158.607 104.114 £9.4522 49.817

10 2007 July 135.506 109.017 150.242 127114 136.194 167.722 196.552 220.83 200.377 158.613 104.114 59.456 49.817

11 2007 August 135.929 109.003 150.224| 12711  136.22 167.727 196.458  220.66 200.363 158.651 104.153 69.4487  49.817

12 2007 Septembe  135.902 109.017 150.294 12717 136.211 167.705 196.5 220.573 200.349 158.694 104.1  69.438 49.8063
13 2007 October 141173 113.363 156.233 1323 141.669 174.596 204.524 229.372 208.355 164.924 108.274 72.2155 5L.795 ¢
14 2007 Novembe 141.368 113.424 156.191 132.291 141.566 174.478 204.36 229.409 208.352 165.052 108.278 72.2298 51795 ¢
als) 2007 December  141.353 113.392 156.247 132195 141.637 174.437 204.375 229.411 208.435 164.391 108.308 72.2185 51.795 ¢
16 2008 January 141.338  113.378 156.262| 132.301 141.562 174.406 204.344 229.458 208.34 165.015 108.338 72.2543 51795 ¢
17 2008 February  141.217 113.363 156.201 132.316 141.743 174.407 204.411 229.472 208.43 164.943 108.27 72.2266 51.7956 =
18 2008 March 141.263 113.363 156.187 132.18  141.626 174446 204468 229.561 208.35 165.021 108.278 72.2256 51.8236 <
19 2008 April 141.217  113.242  156.686 132.349 141.61 174353 204.339 229429 208.36 164.927 108.26  72.2262 51795 ¢
20 2008 May 141.338  113.378  156.308| 132.184] 141.619 174.392 204.404 229.443 208.389 164.942 108.317  72.269 51.8093 ¢
21 2008 June 141.367 113.378 156.248 132.204 141.661 174.533 204.433 229.429| 208.258 164.951 108.278 72.2302 51.8097 ¢
22 2008 July 141342 113.378 156.252| 132.198) 141.641 174.431 204.414 229.455 208.332 164.958 108.278 72.2445 51.8097 ¢
23 2008 August 141,367 113.363 156.233 132194 141.669 174.435 204.316 225487 208.377 164.397 108.319 72,2266 51.8097 <
24 2008 Septembe 141.338 113.378 156.306 132.256 141.659 174.413 204.36  2295.396 208.363 165.042 108.264 72.2155 3517986 <
25 2008 Ociober = 146.819 117.898 162.482 137.592 147.335 18158 212.705 238.547 216.689 171521 112.605 75.1041 53.8667 &

nnnnn . 117 051 157 420 127 209 AT 270 101 _Ac7 219 c24 220 CO8 216 £95 171 £ 117 £N0 Jc 110 £2 0na7

a5 anne AL ~ 147020
4 4 r M| SingleAxleOutput ¥ m -
Ready |[E8 O j 00560

Figure 6. One of three MEPDGfiles used to obtaintraffic inputs

Y

@)

Step 5Dynamic modulus parameters from HMAL1*.tmp

The constants for the calculation of AC dynamic modulus are read from the MEPDG temporary
files AHMAl1ll nput.tmpo and AHMA1Output .t mpo.
MaaT, reference temperature TR, A, and VTS (in this exact order) as showvinraFigtire7.

The location of the constants in the file seems fixed. The file HMA1Output.tmp includes
constants ilJ, b, 2, andc as shown at right ifigure7. The location of the constants in the file is

at line 21; this has been confirmed for several MEPDG cases and appears to be an MEPDG
standard.
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File Edit Format ‘iew Help

M7.150300
F0, 000000
3

0

0. 000000
15, 000000
33, 000000
4. 500000
11. 000000
8. 500000
148, 000000
3

11. 01la0go

=3, 701000

10 0,00
5. 000000

4

0. 000000

0. 500000

1. 000000
2.000000

| C L HMAT pntpi st otepad|
File Edit Format Yiew Help

10 10 27000

20 10 17321.3
30 10 2181.93
40 10 332.259
50 10 50,0123
60 10 12,5637
70 10 3.01578
80 10 0. 817186
G0 10 0. 24692
100 10 0. 082300
110 10 0. 0295970
120 10 0.011823
130 10 0. 005014
140 10 0.002271
150 10 0. 001092
160 10 0. 000554
170 10 0. 000295
180 10 0. 000165
190 10 0. 60382e
200 10 5.80174e
2.80612 3.88841 -0.7%1597
31

0 515567 515567
0. 0833333 589608
0.166667 646820
0,23 633706 5800GL
0.333333 7335la
0.416657 768071
0.5 FOB523 634088
0. 5383333 825662
0. 666667 850061
0.73 872133 478229
0.833333 BG2275
0. 916657 510657

1 027635 714404
1.08333 943209 725005
1.16667 957751 734073
1.23 S71207 744358
1.33333 983744 753208
1.41667 995457 761563
1.5 1.006432+006
1.58333 1.01672e+008
1.666567 1.0264e+006

1.73 1.03552e+006
1.83333 1.04413e+006
1.91667 1.05227e+006

2 1.059982+006

2.5 1.09883e84+006

3 1.12832e+006

3.5 1.1514%e+006

4 1.17016e+006

TPR5(149)
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O7BOT7e+006
73981le+006
44162e+006

G574 8e+006

3.
3.
3.
3.07966e+006
2.
2.

18576e+006

1.

833092
E}

5

3

8

51
22
509
Bl2
104
—-005
-0035
2

515567
538123
559685
535359
599283
517268
552251
549807
564496
524441
591079
703116
551982
560220
568052
675474
582526
580224
760462
776940
784027
790753
797143
803222
800010
B3BA37
861607
879913
894834

70418e+006

1.23878e
-2
515567
294150
1536516
793084, 0
39570.7
20036, 6
10626.5
G037, 25
3716.11
2488, 97
1802.67
0.315351

515567
528803
542230
938143
368129
580445
560827
603521
614249
81867
634112
643285
G00707
606488
612028
617336
622420
627280
65506
701659
707433
712938
718189
723204
727006
TRZTTL
Fr2z43
7E7RlZ
800778

-10 4.0632
-9 4.721089
-8 3.59112
-7 2.56461
-6 1.63028
-5 0.7782591
-4 1]
+006 -3
-1.36495
-1 -1.9642
o] -2.51518
1 -3.02248
2 -3.40028
3 -3.92223
4 -4.3214
5 -4.659134
4] -5.03408
7 -5.35212
8 -5.64764
9 -5.92254
1.25588
515567 515567
22807 520623
530468 525910
531334 527682
545813 536818
553354 542299
547730 540523
SBE067 553072
575087 558299
633592 553005
588399 568337
5046759 573126
S777hE 564622
582224 568267
586531 571795
590680 375206
594675  GFE50L
508520 5BlaB2
531653 602219
536423 605778
540706 609203
544813 612499
548752 615671
552533 GLEB72S
556162 621666
675183 G37217
590414 649827
702840 660212
713147 668389

Figure 7. MEPDG files used to obtain dynamic modulus of AC layer

Step 6:Layer moduli from layermodulus.tmp

The

8.

MEPDG

temporary fi

e

-0.712183

o] o]

515426
523487

531950
536244

544758
548924

556986
560861

584753
587716
590574
593332
595993
S5O08560
G01038
614223
G25014
H33963
541480

Al ayermodul us. t
layers corresponding to each month of the paverhesign life. This file is illustrated irFigure

14
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& [ayermodolnEstmpNotepad) JJJ‘
File Edit Format Yiew Help

23 h=0.5, , , , ,Aacl(3) h=1.0, , , , ,PcC2(4) h=7.0,GB3(5) h=6.0,N5G4(6) h=24.1,N5G4(7) h=316.9

, 4,5

1381610,850318,2528830,1893020,1452540,1196910, 796437, 2189960,1648220,1321750, 1001870, 773860, 4579480, 54480, 834
2541670, 2203210, 2075390, 2675390, 2975390, 26624590, 1974680, 2890620, 2800620, 2890620, 2434810,1822440,4665300, 55000, 10500, 9274
3065970, 3065070, 2075140, 2675140, 2975140, 2575140, 2975140, 2890320, 2800320, 2590320, 2800320, 2800320, 4723600,1000000, 14000, 8218
3065870, 3065870, 2074060, 2674560, 2974060, 2574960, 2974560, 2390080, 2890080, 2590080, 2850050, 2850080, 4767340, 775480, 82208, 8176
3066200, 3066200, 2975570, 2375570, 2975570, 2975570, 2975570, 2890850, 2800850, 2890850, 2890850, 2830850, 4802120,1000000, 1000010, 8316
3065640, 3065640,2074530, 2074530, 2974530, 2974530, 2074530, 2889530, 2880530, 2880530, 2880530, 2880530, 4830840, 86400, 117348, 8078
224 5680,1364800, 2074780, 2074780, 2830300, 1987600, 1237550, 2880850, 2880850, 2622680, 1798210, 1185260, 4855230, 26800, 5544, 8134
1250510, 701692, 2840520,1803270, 1450730, 1084150, 641667, 2453000,1613470,1257420,072447, 626827, 4876350, 36080, 6303, 3106
15199,428210,1262160, 927953, 719987, 538565, 300374, 1008400, 778071, 630778, 498239, 379740, 4304540, 44440, 7093, 3092

560194 ,425063,1308120, 904726, 735143, 568920, 380598, 1060800, 763435, 634570, 513178, 362786,4011510, 52160, 7826, 8078
,734159,468692,1348140, 1068810, 869538, 632110, 421665, 1000500, 870882, 730062, 572556, 4050942, 4926430, 54320, 8554, 8050

, 902742, 662499, 2040450,1401730, 1096030, 842655, 587755,1643780,1142800, 920956, 745857, 557141, 4939980, 51160, 3624, 3008
,1731820, 965873, 2074000, 2574090, 2328370, 14 57180, 820021, 2838980, 2888980, 2050930,1254870, 748497, 4952380, 50240, 8512, 7980

, 3065330, 3065330, 2973970, 2073970, 2973970, 2973070, 2073970, 2858820, 2888820, 2883820, 2888820, 2888820,4063790, 50720, 8470, 7952

, 3065300, 3065300, 2673900, 2673900, 2573900, 2973500, 2973500, 2888730, 2888730, 2888730, 2888730, 2888730,4574360, 31600, 8470, 7938

, 3065260, 3065260, 2073840, 2673840, 2073840, 2073840, 2073840, 2888650, 2888650, 2888650, 2888650, 2888650, 4084180,163800, 9576, 7024
, 3065230, 3065230, 2973770, 2073770, 2073770, 2973770, 2073770, 2888570, 2888570, 2888570, 2888570, 2888570, 4093360,153080, 11816, 7910
, 3065260, 3065260, 2973840, 2373840, 2973840, 2973840, 2073840, 2888650, 2888650, 2888650, 2888650, 2888650, 5001960,40520, 6062, 7524
,1716580, 817896, 2873710, 2871160, 2192810, 1483730, 735664, 2888490, 2551190,1925730,1330130, 716379, 5010050, 28280, 6468, 7836
,B15762,434214,2003650,1335440,1001450, 604053, 442485,1600840,1092580, 843098, 625711, 427291, 5017680, 36440, 7154, 7882
,BE5143,542151,1062160,1265950, 089042, 729151, 474949,1608290,1046320, 838015, 645554, 44 5163, 5024900, 44120, 7784, 7868

570626, 303841, 1248560, 903270, 665732,488412, 346428, 066414, 725742, 570783, 445554, 320406, 5031740, 49960, 8218, 7840
,713530,448008, 1288180, 1013060, 800785, 6020980, 396262, 1006070, 825316, 68L570, 536451, 376511, 5038250, 54280, 8414, 7826
,B41885,400521,2123710,1340590, 1004360, 701774,435060,1675820,1002530, 325439, 620251, 415376, 5044440, 54040, 3456, 7826
,2127980,1394150, 2073330, 2835290, 2363390, 1856620, 1224920, 2858000, 2486040, 2047480, 1646600, 1138530, 5050360, 54880, 8470, 7812

, 3064040, 3064940, 2073260, 2073260, 2073260, 2973260, 2973260, 2857920, 2887920, 2887920, 2887920, 2887920, 5056010, 54960, 8484, 7793

L 3064040, 2799660, 2073260, 2073260, 2973260, 2073260, 2635150, 28870920, 2887920, 2887920, 2887920, 2525480, 5061420, 54680, 8484, 7793

, 3064510, 3064910, 2673200, 2073200, 2973200, 2973200, 2973200, 2857840, 2837840, 2887840, 2887840, 2887840, 5066610,1000000, 33572, 7784
, 3064910, 3064910, 2673200, 2673200, 2573200, 2973200, 2073200, 2887840, 2387840, 2887840, 2887340, 2887840, 5071590, D2840,13272, 7784
, 3064510, 3064910, 2673200, 2073200, 2973200, 2973200, 2973200, 2857840, 2887840, 2887840, 2887840, 2887840, 5076380, 32240, 4872, 7784
,2253500,1085140,2673200, 2673200, 2770370, 2002780, 970020, 2887840, 2857840, 2506120, 1810420, 527777, 5080000, 33400, 5936, 7784

, 1218130, 659792, 2604340,1822350,1351100, 1018720, 578312,2212510,1539790, 1179900, 862317, 547960, 5085430,41440, 6804, 7770
,B36637,5259205,1917810,1217540, 942040, 702547,461276,1554350, 995672, 794177, 620530, 431865, 5089720,49000, 7658, 7770

550395, 367831,1202810, 820980, 632260, 473587, 318565, 338784, 671336, 538601, 425354, 300060, 5093860, 54880, 8330, 7756
,B03792,511779,1450470,1126230, 884064, 6684 76, 443303 ,1134200, 901530, 735045, 590213, 414392, 5037860, 54680, 8498, 7756

,1178630, 708843, 2B64920,1933370,1426870, 978536, 610840, 2408540, 1640370, 1150850, 859374, 559631, 5101740, 55800, 8512, 7756
,2346290,1401000, 2973000, 2373000, 2798360, 2065230, 1242230, 2887530, 2887590, 2512070, 1862400, 1167460, 5105490, 55160, 8512, 7742

, 3064800, 2229810, 2973000, 2373000, 2973000, 2973000, 2020730, 2887500, 2887500, 2887500, 2887590,1004400, 5100130, 55440, 8526, 7742

, 2064800, 3064800, 2073000, 2573000, 2073000, 2072000, 2073000, 2887500, 2887500, 2887500, 2887500, 2887500, 5112660, 55720, 8526, 7742

, 3064800, 3064800, 2073000, 2073000, 2573000, 2973000, 2073000, 2887500, 28387500, 2887500, 2837500, 2887590, 5116080, 116080, 8316, 7742
, 3064800, 3064800, 2073000, 2073000, 2973000, 2973000, 2973000, 2857500, 2887590, 2887500, 2887590, 2887590, 5110410, 547240, 26460, 7742
, 3064500, 1603980, 2073000, 2073000, 2973000, 2921970, 1433010, 2857500, 2887590, 2887590, 2792930,1369740, 5122640, 26160, 5460, 7742

, 2387130, 1066480, 2072940, 2072940, 2972940, 2128880, 94 5700, 2887510, 2887510, 2887510,1037630, 893262, 5125790, 36720, 6426, 7728
1190650, 679273, 2886200, 1882470,1394370, 997110, 592477, 2481580,1575170,1200710, 875189, 554798, 5128850, 45800, 7126, 7728

, 838268, 567351, 2139140,1411870, 1027910, 743518, 48854 5,1752820,1150240, 367077, 662864, 453000, 5131830, 54720, 7798, 7728
§89412,452660, 1378200, 1004590, 780497, 575101, 350515,1001140, 306623, 656469, 514598, 363370, 5134740, 56480, 3400, 7728
,735115,477657,1425360,10614G0, 800724, 613422,411457,1117080, 847337, 677420, 530815, 383361, 5137570, 56440, 8568, 7728

, 1178160, 719006, 2672940,1532120,1363620, 980812, 624723, 2688240,1502170,1127500, 851562, 582576, 5140330, 56280, 8568, 7728
,1077040,1218620, 2972940, 2672940, 2275910,1687570, 1057240, 2887510, 2681410, 1993310, 1482760, 973140, 5143030, 56520, 8568, 7728

Figure 8. MEPDG temporary file describing monthly modulus values for all layer andsublayers in
the TICP project

Step 6 is the final step in the process of intermediate inputs prior to running tHs T4
program for rutting.

2.3.3 Run TPF-5(149) program to supplement MEPDG results with predicted rutting
depth results from CalME

After the provision of appropriate calibration coefficients to the CalME models for a given
project, theTPF-5(149)program thertonducts the CalME rutting analysis aréates modified
project output files. These files detail predicted rutting for the HRZC project according to
CalME.

2.4 Validation of TPF-5(149) Procedure for Rutting in TICP

The research team used two sources of existing HINIA rutting data to validate the
incorporation of the CalME rutting model into the MEPDG framework:dodlle acelerated
testing data from the SHRP2 R21 project and HRIBC test section data from the MNROAD
facility. The following subsections describe validation efforts using those datasets.

2.4.1 UCPRC Heavy Vehicle Simulator (HVS) SHRP2 R21 data
TheUniversityof California Pavement Research Center (UCPRC) Heavy Vehicle Simulator
(HVS) is a mobile load frame that uses a-idhle wheel (dual or single) to traffic the pavement
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test section. This subsection describes an example of HVS testing of actlidRa UCPRC
(Section 609HB) conducted under the SHRP2 R21 project (SHRP/ARA 2012).

2.4.1.1HVS test procedure

The trafficked test section is 8 m (26.4 ft) long, of which 1 m (3.3 ft) on each end are used for
turnaround of the wheel and are generally nouigket in analysis and reporting of results. This
wheelpath length permits the testing of one slab of jointed PCC of up to approximait¢hoas

ft) with the trafficking including both joints and the entire slab. The specifications and a
photograph of thélVS are shown ifrigure9.

Overall weight 59,646 kg
Load weight of the test wheel tire 20-100 kN with truck tire
20-200 kN with aircratft tire|

Dimensions of tested area of pavement 1.5 m3 8 m maximum
Velocity of the test wheel 10 km/hr maximum
Maximum traffcking rate 1000 repetitions/hr
Average trafficking rate 750 repetitions/hr
Average daily repetitions 16,000
Dimensions: Length 22.56 m

Width, overall 3.73m

Height 3.7m

Wheel base 16.7m
Number of axles 3 (inrear, 2 in front)

IV VTEEERY AW n§ \
[~

Figure 9. The HVS apparatusat UCPRC

The sections tested to verify the rutting model were assigned a failt@r@on of an average
maximum rut of 12.5 mm (0.5 in.) over the full monitored section. Testing was continued past a
12.5mm average rut depth until the rutting accumulation rate stabilizled.HVS loading

program forthe examples summarized ifable3. Tire pressure was constant at 690kPa (100
psi) forthe test sectian

Table 3. HVS loading program for example section
Section |Mix ty pe As-built Wheel Temperatures at 50 mm (2 | Total
Thickness |Load (kN) |in.) Repetitions
(mm) Average (C) |SD(°C)
40 63,750
609HB |PG 6428 PM |116 60 49.5 11 136,250
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The pavement temperature atrdéh (2.0in.) depth was maintained at 50°€C (122°F 7°F) to

assess rutting potential under typical pavement conditions. Heaters were operated inside the
temperature control box to maintain the pavement temperature. The pavement surface received
no direct rainfall as it was protected by the temperatureaamit. The sections were tested
predominantly during the wet season, however, measures were taken to keep water from entering
the pavement structure inside the temperature control box, and there was an extensive drainage
system placed around the entiet of pavement test sections. In addition, plastic sheets were
placed on the surface to keep water out of the pavement.

2.4.1.2HVS test temperature and loading conditions

All HVS sections were monitored closely. The following exampleS&mtion609HB detail the
monitoring of load history and temperature at UCPR@urel0illustrates he HVS loading
historyfor the example section

210
40kN, 60kN,

E0oC 50°C /
180

/
120 r_ Breakdown _7 /
90 /‘

60 /_///
30
0

1/22/10  1/27/10 2/1/10 2/6/10 2/11/10  2/16/10  2/21/10  2/26/10 3/3/10
Date

Number of Load Repetitions (Thousand)

‘ — Number of Load Repetitions

Figure 10. Section 609HB bad history

Outside air temperaturésr the example secticere summarized iRigurell. Vertical error

bars on each point on the gheghow daily temperature range. Hence, for Section 609HB,
temperatures ranged from 1.4°C to 20.9°C (34.5°F to 69.6°F) during the course 3t

with a daily average of 10.6°C (51.1°F), an average minimum of 6.7°C (44.1°F), and an average
maximum of 15.5°C (59.9°F).
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70 210
40kN, 60kN, | == Qutside Air Temperature

50°C 50°C | — Number of Load Repetitions /
60

/ 180
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%) /

© 40 120
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®©

g

2 30 / 90
(]

'_

Number of Load Repetitions (Thousand)
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) 1740

+ 30
T J- 1 I 1L l 1
0 f f f 0
1/22/10 2/1/10 2/11/10 2/21/10 3/3/10
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Figure 11. Daily average outside air temperatures.

During the test, air temperatures insidet#raperature control unét Section 609HBanged

from 15.6°C to 52.9°C (60.1°F to 127.2°F) with an average of 41.1°C (106°F) and standard
deviation of 2.6°C (4.7°F). The daily average air temperatures recorded in the temperature
control unit, calculated &m the hourly temperatures recorded during HVS operation, are shown
in Figure12. Vertical errors bars on each point on the graph show daily temperature range.

70 210
40kN, 60kN,
50°C 50°C /
60 180
/ i
c
]
3
50 150 ©
Q 2]
S bt <
o 40 d| \ — 120 £
2 l J g
I
5 / g
g 30 rl T 90 e}
] -/ J- S
o
[ / 3
I v kS
20 60 3
- Qo
S
>
z
10 30
—&—|nside Air Temperature
— Number of Load Repetitions
0 f f f 0
1/22/10 2/1/10 2/11/10 2/21/10 3/3/10
Date

Figure 12. Daily average inside air temperatures.
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Daily averages of the surface anediepth temperatures of the asphalt concrete lafesgction
609HBare listed inTable4 and shown irFigurel3. Similar tables were constructed for other
sections involved in the SHRP2 R21 tests at UCPR&:ement tempatures decreased slightly

with increasing depth in the pavement, which was expected as there is usually a thermal gradient
between the top and bottom of the asphalt concrete pavement layers.

Table 4. Section609HB temperature summary for air and pavement

Temperature Average (°C) | Std Dev (°C) | Average (°F) | Std Dev (°F)
Outside air 10.6 1.8 51.1 3.2
Inside air 41.1 2.6 106.0 4.7
Pavement surface 47.8 2.0 118.0 3.6
- 25mm below surface 497 1.3 121.4 2.4
- 50 mm below surface 49,5 1.1 121.1 2.0
- 90 mm below surface 48.6 0.9 119.5 1.7
- 120mm below surface 47.5 0.9 117.4 1.7
70 210
40kN, 60kN,
500C 50°C
60 180 5
]
50 TR sgd LT iILU/r 150§
S &l ?ﬁ" ikl £33 LS £ 11 S
o 2
o 40 / 120 S
qg)- 30 90 %z
3 / a Surface S
x  25-mm Below Surface 5
20 —a—50-mm Below Surface 60 E
/—/ 4 90-mm Below Surface €
10 ¢ 120-mm Below Surface 30 2
— Number of Load Repetitions
0 } } } } } } } 0

1/22/10  1/27/10 2/1/10 2/6/10 2/11/10 2/16/10 2/21/10  2/26/10 3/3/10
Date

Figure 13. Daily average temperatures at surface and various deptitd Section 609HB

2.4.1.3HVS rutting measurements

Thesection was monitored closely through its load history to determine strain and deformation
of the section at regular intervalslagtic strairvas computed usingmperature at 50 mm depth
of the asphalt concrete and the temperature gradiarmanent eformation at the pavement
surface (rutting) was monitored widsurface pofilometer and strain gauges at 50 mm depth in
the asphalt in the sections with thicker HN&yers(strain gauges placed between the two lifts of
HMA used to construct theurfacelayer). Theprofilometer is a standlone moveabldevice

with a traveling downwarghooting vertical laser, which is used to take surface profiles
transverse to the direction of the HVS whigatk. Transverse profiles are taken at.51.15

ft) intervals along the test section.
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Theprofilometer, as illustrated iRigure14, was useda determine @erage maximum rut depth,
average deformatioripcation and magnitude of the maximum rut depth,ratel of rut
development.This discussion for this example will focus on average deformation.

£ [
E 1 /_\/—/‘-\ W
5 M
9
T 0 Ay
£
5 14 Average
‘@ Deformation -
a Maximum

-2 1 Rut Depth

-3

-4 . , ‘ .

0 0.5 1 15 2 2.5

Transverse Distance (m)
Figure 14. lllustrati on of maximum rut depth and average deformation of a leveled profile.

The average transverse crgextionfor the example section discussed here is illustrated in
Figurel5. Note the evolution of rut depth of the course of repeated loading.
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Figure 15. Evolution of Section609HB rutting profile
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During HVS testing, rutting usually accumulates at a faster rate initiaélyto fast reduction of

air voids (densificabn). Thereaftent diminishes as trafficking progresses until reaching a
steady state. This initial p h kiguel6idescribeghé er r e d
development of average deformation with load repetitions, with an embedment phase only
apparent at the genning of the experiment (i.e. the first 15000 repetitiorisyor bars on the

average readinmdicate that there was high variation along the length of the section which was a
result of the HMA blocks removed for CT image evaluation.

16 \ \
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A
i
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Figure 16. Average deformationfor Section 609HB
Apart from rutting, no other distseeswere observedn the sectionA summary of results from

all four HVS sections at UCPRC for the SHRP2 R21 project are illustratédune1l7. These
results argrovided for later validation of the TP3{149) procedure.
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Avg Deformation, mm

—609HB
611HB

0 50000 100000

Load Repetitions

150000

—612HB
—610HB

200000

Figure 17. Summary of measured rutting (average deformation) observed at the URRC facility

for HVS testing

2.4.1.4TPF-5(149) predicted rutting for HVS test sections

The research team developed MEPDG project files for each of the four SHRP2 R21 test sections

at UCPRC, and using the method described in Section 2.3, these project filesedkas
project inputs for the TRB(149) procedure. The measured rutting (iarage deformation) for
each of these projectslative to HVS load repetitions illustrated inFigure18.
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Avg Deformation, mm

—609HB —612HB
611HB —610HB
0
0 50000 100000 150000 200000

Load Repetitions
Figure 18. Summary of predicted rutting (average deformation) from TPF-5(149) procedure
described in this report

In validating the TP#5(149) usingneasured ruttingHigurel7), the research team used

MPEDG project filesleveloped by ARA, Inc, that assumed basic Level 3 inputs for all MEPDG
material parameters (H. Von Quintus, personal communic&@i®). In this light, the

predicted ruttingKigure18) is reasonable. The goal of the TBA49) procedures to operate

within the MEPDG framework and provide a better model for rutting. By producing reasonable
curves for the HVS sections @ PF5(149) procedure is validated.

The SHRP2 R21 project us€IME only to evaluate ruttingg HMA-PCC, and R21 illustrated
that with further calibration, the CalME rutting predictions for HM&C improved. As the
CalME rutting model was incorporated into the MEPDG framework without modification to the
model itself, tuning the TRB(149) procedre is simply a case of modifying the MEPDG project
files. Hence, further calibration of the MEPDG project filaacluding tuning the material
properties of the HMA to, in turn, modify the CalME calibration coefficiéntgould bring the
permanent defonation in rutting curves dfigure18 closer to the HVS measured results of
Figurel?.

2.4.2 MnROAD TICP Test Section Measured Rutting

As part of TPF5(149), TICPfull-scaletest sections were constructtdVInROAD. This
includes Cells 106 and 206 at MNROAD, which hbaeen extensively detailed in earlier task
reporting. Thesecells feature a-2nch HMA overlay over a%nch JPCP slab. The cells are
identical in crossection and materials other than 106 usigch dowels, while 206 is
undoweledTable5 summarizes the design of Cells 106 and 206.
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Section | HMA PCCslab | Base Subbase | Subgrade | JPCP Doweling | Construction
overlay panel date
size
106 20 P50 60 Cl {60 ClI|Clay 1506 106 di|Oct08
64-34 (Mesabi | Stabilized | 5 126 dowels
4.75 mm | Aggregate
Super P)
206 20 P50 60 Cl {60 ClI|Clay 1506 None Oct08
64-34 (Mesabi | Stabilized | 5 126
4.75 mm | Aggregate
Super P)

Sinceconstruction, Ced 106 and 206 havieeen included in the varied tests conducted on all
pavement test sections at MNROABmMong theemeasurementare rutting profiles in average
deformation. These profiles are created uaim@\LPS laser prdbmeterin a manner similar to
that of UCPRC detailed in Section 2.4.1.

The research team developed MEPDG projecs fdeCells 106 and 206. Default (Level 3)
values for the MEPDG were assunfedproject files; HMAmaterialproperties were adopted
fromtestingby UCPRCfor CalME. Using the meth described in Section 2.3, thgeeject
files wereused as a project input for the TBE.49) procedure. The measured rutting (in
average deformatioripr Cells 106 and 206ver time (months since construction) is illustrated
in Figurel9.
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Figure 19. Comparison of TPF5(149) procedure and unmodified MEPDG pra@edure predictions
for rutting (average deformation) and observed rutting at MNROAD Cells 106 and 206
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One of the first observations to be made fieigure19is theunderprediction forutting in
HMA-PCC by the MEPDG in this casélowever, daifficulty of Figurel9is the measured
rutting data itself, which is muddled bwturalvariability in measurementsin general, a trend
in rutting for either test section is difficult to determine from the data, and as a result a
comparison with rutting predictions is not informative.

MnROAD contains other HMACC pavements with rutting data that may be of assistance.
Figure20illustratesaverage deformation in rutting measured on Cell 70 at MnROAD, which
was constructed for the SHRP2 R21 project.
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Figure 20. Comparison of TPR5(149)procedure andunmodified MEPDG procedure predictions
for rutting (average deformation) and observed rutting at MNROAD Cell 70

Again,while there is some variability ithhe data set illustrated Figure20, a trend is much
easier to spot in thidata set. For Cell 70, the TH149) procedure appears to capture rutting
behavior for its early lifeIn the cases of Cells 106/206 and Cell 70, continued monitoring at
MnROAD will help evaluate the effectiversesf the TPF5(149) procedure

Overal, the validation ofigurel19 andFigure20indicates that the TRB(149)procedure is
attractivealternative to the exclusive use of MEPDG. It should also be noted that the analysis
using TPF5(149) above assuméevel 3 inputs, anthus itcould be further calibrated and
modified to resemble MNROAD Cell 106/206 and Cell 70 conditions.
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2.5 Sensitivity Analysis of TPF-5(149) Procedure for Rutting in TICP

Given that both the MEPDG and CalME rutting model have been subjected to\extengw

and sensitivity analysis, the need for ardepth sensitivity analysis of the T¥¥149) procedure

was not a critical concern for the work of Task 5. However, the research team undertook a brief
analysis of rutting performance sensitivity tatiunportant parameters: HMA thickness and
climate. Other than these two parameters, the sensitivity study asstiowdral propertiesf
anHMA-PCC pavement witB inches 50 mm) HMA over7 inches (¥5mm) JPCP.

Furthermore, the analysis assunM8PDG defaults for material properties (Level 3 inputs) for

all projects. Assumed traffic was 2000 AADTT.

2.5.1 Climate

Figure2lillustrates the sensitivity of rutting @dictions to climate for 5 locations. Each of these
locations corresponds to EICM climate §lg.icm) for Seattle, WA; Pullman, WA; Sacramento,
CA,; San Francisco, CA; and MinneapeBsint Paul, MN.
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Figure 21. TPF-5(149)procedure for rutting, sensitivity to climate

Climate is an influential grameter on rutting performancé&his behavior is in keeping with

other ME models for rutting, and thus the TBEL49) procedure performs acceptably in this
regard. Furthermore,tishould be noted that in this analysis, the asphalt mix properties are kept
constant, which obviously does not mirrotfield conditions, wherein the properties would
change along with climate conditions.
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2.5.2 Pavement Thickness

Figure22illustrates the sensitivity of TR5(149) procedure predictions for rutting to 4 levels of
HMA thickness. The projects Figure22 were developed for an EICM climate file developed
from weather data for Sacramento International Airport (SMF) in Sacramentor-@&#Aarojects
examining sensitivity to HMA thicknes PCC thickness was held at a consfanthes (¥5

mm).
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Figure 22. TPF-5(149) procedure forrutting, sensitivity to HMA overlay thickness

As with climate, the objective of the HMA thickness sensitivity study is merely to validate the
TPF5(149) procedure against-B expectations. Here as overlay thickness increases, so does
the extent of rutting. This agrees wivS testing experience obwved under the SHRP2 R21
project (SHRP 2012).
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