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This paper describes research to evaluate modeling of the thermal
behavior of concrete and composite pavements by the Enhanced Inte-
grated Climatic Model (EICM), the climate-modeling package used in
the Mechanistic-Empirical Pavement Design Guide (MEPDG). First, the
study usestemperatur e data collected at the Minnesota Road Resear ch
Project (MNnROAD) facility from portland cement concrete (PCC) and
asphalt concrete (AC)-PCC pavements to investigate benefits of AC
overlayson thethermal characteristics of PCC dlabs. Furthermore, the
study validates EICM predictions of thermal gradients through the
slabsand investigatesthe effect of MEPDG-user inputsfor thermal con-
ductivity of PCC. Overall, the paper examines measured data from
MnROAD for AC-PCC pavementsand their single-layer PCC counter-
partsand attemptsto explain how similar pavement systems and their
thermal characteristics are taken into account in the MEPDG. The
paper concludes that evaluation of the material thermal inputs should
be part of a process of local calibration and adaptation of the MEPDG.

Pavement temperature is not constant in time or through depth.
Temperatures throughout apavement structure are dominated by the
atmospheric conditions at the surface. The surface of the pavement
is subject to more environmental effects, and its temperature will
fluctuate more than the temperature at the bottom of the structure.
Factors affecting the top surface temperature of a pavement are
incoming short-waveradiation, reflected short-waveradiation, incom-
ing long-wave radiation, outgoing long-wave radiation, convective
heat transfer, condensation, evaporation, sublimation, precipitation,
and the temperature of the one or more layersimmediately beneath
the one or more bound layers (1). The bottom of a portland cement
concrete (PCC) slab is affected by the temperature of the layers
directly beneath the slab and from energy transferred by conduction
from the surface. Although the temperature at the bottom of the slab
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isultimately influenced by the conditions at the top surface, it is not
directly subjected to the factors that affect the surface temperature.
Consequently, pavement temperature is not constant in time and
through depth. In particular, temperature variations are especially
high at the surface. These variations affect the behavior of rigid
pavement structures.

Likeamost al other materials, concrete expandswhenit isheated.
If thetemperature at the top of aconcrete labisnot equal to thetem-
perature at the bottom, different layers of the slab want to expand to
varying degrees. Thewarmer layer attemptsto expand morethan the
cooler layer, but if the shape of the dlab isrestrained due to founda-
tion support, dowels, tie bars, and self-weight, stresses are induced
(2). These stresses are known asthermal, or curling, stresses. Tensile
stresses at the bottom of the PCC layer occur when the top of theslab
iswarmer than the bottom, and thistemperature difference occurs most
commonly during diurnal periods; these stresses are known as day-
time curling stresses. Tensile stresses at the bottom of the PCC layer
arethe main cause of transverse cracking in PCC pavements. Ther-
mal stresses can contribute significantly to cracking and failure of
aPCC layer. Therefore, with all other factorsequal, areductionin
the temperature difference in the PCC layer would result in lower
thermal stresses and lesstransverse cracking. Thermal stresses can
also contributeto other typesof distressinrigid pavements. If the bot-
tom of the dab is warmer than the top, the edges of the dab attempt
to curl upward. This nighttime curling stress (so named because when
it generally occurs) contributes to joint faulting. Thus, thermal gra-
dients in a PCC pavement are undesirable. Limiting the environ-
mental effectsat thetop of aPCC slab would reduce the temperature
fluctuations at the surface. Because the bottom of the slab does
not respond as quickly asthe surface does to temperature changes,
limiting these effects would reduce thermal gradients.

An asphalt concrete (AC) overlay isacommon rehabilitation tech-
nique for concrete pavements. Thick AC overlays are used to reha
bilitate degrading PCC pavements and improve structural capacity of
the existing pavements. Thin AC overlays are used for rehabilita-
tion of structurally sound PCC pavementsto cover surface defects,
reduce noise attributed to traffic, and improve ride quality. It has
been suggested that the placing of athin asphalt layer ontop of aPCC
layer providesaninsulating effect (3). Other researchershave observed
that an asphalt layer placed on top of an existing PCC pavement can
improve pavement performance. Whilethereisa stiffness contribu-
tion to the pavement structure from athin asphalt layer, theimprove-



Johanneck, Tompkins, Clyne, and Khazanovich

31

0.1 20.00%
0.09 1% o oue 1 18.00%
15.86%
0.08 - . 1 16.00%
0.07 A 13.14% + 14.00%
0.06 - 11.41% + 12.00%
® 10.44% S
o s
g 005 110.00% 5
[ o
e 8.15% &
0.04 A + 8.00%
0.03 A + 6.00%
0.02 + 4.00%
2.41%
1.93%
0.01 + 2.00%
0.52% 0.72%  0.46%
o I s : : : : : : : B8 | 0.00%
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month
FIGURE 1 MEPDG-predicted monthly damage for 2-in. AC over 7-in. PCC pavement at Minneapolis—Saint Paul International Airport.

mentsin pavement performance suggest that stiffnessalone cannot be
fully responsible.

Thispaper examinesthe thermal insulating effectsof AC over PCC
overlays and evaluates the accuracy of predictions (of pavement
temperature) fromthe MEPDG by means of MinnesotaRoad Research
Project (MNROAD) data. Although thermal stresses can contribute
to several types of pavement distresses, transverse cracking is the
primary measure of pavement performance used in this paper.

ENHANCED INTEGRATED CLIMATIC MODEL

TheMechanistic-Empirical Pavement Design Guide (MEPDG,) incor-
poratesthe Enhanced | ntegrated Climatic Model (EICM) to account
for the environmental effects that influence pavement performance
(2). Previous studies have tested the sensitivity of MEPDG predic-
tions of pavement performance to many variables, including traffic,
layer thickness, material strength, and material stiffness(4-6). Recent
research has examined sensitivity to climatic inputs. A study at the
University of Minnesotasimulated asingle AC overlay of PCC design
for over 600 locations across the United States. The percentage of
cracked slabs varied from 0.0% in Cold Bay, Alaska, to 79.1% in
Nogales, Arizona. The study concluded that environment has a sig-
nificant effect on predicted pavement performanceinthe MEPDG and
that climatic data files defining location may have alarger influence
on predicted pavement responses than is currently understood (7).
To illustrate further the effect of climate on the MEPDG perfor-
mance predictions, one may consider the example of a 7-in. PCC
jointed plain concrete pavement (JPCP) with a2-in. AC overlay. In
thisexample, which used al default values, annua averagedaily truck
traffic (AADTT) was set to 7,420 to reach atarget of 20% transverse

cracking over a 20-year design life. The location selected was the
Minneapolis-Saint Paul International Airport; al other MEPDG
default values, including the traffic monthly adjustment factors,
were used. Therefore, the amount of traffic did not vary from month
to month within ayear.

Figure 1 showsaportion of the cracking damagein the PCC layer
accumulated for each month over a 20-year design life. The figure
shows that almost no damage was accumul ated between November
and February. During this period, the air temperature in Minneapolis
islow. It can be expected that the asphalt layer temperatureislow, and
the base and the top of the subgrade may be frozen. This makes the
asphalt and the unbound layers very stiff and decreases stresses in
the PCC layer. Figure 1 also showsthat most of the damage occurred
from March to September. Incoming daytime solar radiation and
ambient air temperature and its daily fluctuations are at maximums
during the summer months. These maximums lead to an increasein
the mean AC temperature, which reduces AC stiffness, and to high
temperature gradientsin the PCC layer. All design parameters, except
climate variables, remained constant from month to month, provid-
ing another example of theimportance that climate has on pavement
performance prediction in the MEPDG.

CHARACTERIZATION OF THERMAL
PROPERTIES IN EICM

In addition to climatic inputs, several EICM material properties may
affect EICM temperature predictions and subsequently MEPDG per-
formance predictions. The thermal property inputs are heat capacity
and thermal conductivity. Heat capacity isthe amount of heat energy
required to change the temperature of amaterial a specified amount.
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Although the heat capacity of a pavement material is an important
attribute to consider and may influence the predictions of pavement
performance, the focus of this study is on the effects of thermal
conductivity.

Thermal conductivity isamaterial characteristic that indicatesthe
ability of amaterial to transfer heat. Heat energy istransferred to or
from the pavement surface by convection, radiation, or conduction.
Materials with alower rate of thermal conductivity resist the trans-
fer of heat energy. The conduction of heat energy from the surfaceand
from below is what directly influences the temperature in the PCC
layer. The MEPDG recommendsthefollowing default values of ther-
mal conductivity: 0.67 Btu/h-ft-°F for AC and 1.25 Btu/h-ft-°F
for PCC.

The sensitivity of thethermal conductivity input on predicted trans-
verse cracking was tested for a 2-in. AC over 7-in. PCC composite
pavement. AADTT was set to 7,420 to reach atarget of 20% trans-
verse cracking over a20-year design life, and all default valueswere
used. The location selected was the Minneapolis-Saint Paul Inter-
nationa Airport; all other MEPDG default valueswere used. TheAC
layer thermal conductivity was held constant at the MEPDG default
valuefor themodel runsinwhich the PCC thermal conductivity was
adjusted, and vice versa. Following aretheresultsfromthe MEPDG
model runs:

e Effect of PCC thermal conductivity on transverse cracking in
the PCC layer:
—1.38 Btu/h-ft-°F: 15.8% cracking,
—1.25 Btu/h-ft-°F (default): 20% cracking,
—1.13 Btu/h-ft-°F: 25.6% cracking,
—1.00 Btu/h-ft-°F: 32% cracking,
—0.94 Btu/h-ft-°F: 35.6% cracking, and
—0.85 Btu/h-ft-°F: 41% and
e Effect of AC thermal conductivity on transverse cracking inthe
PCC layer:
—0.80 Btu/h-ft-°F: 30.1% cracking,
—0.67 Btu/h-ft-°F (default): 20.0% cracking, and
— 0.54 Btu/h-ft-°F: 10.3% cracking.

These results show that the thermal conductivity values can sub-
stantially influence the amount of predicted transverse cracking. The
differences in the amount of predicted transverse cracking are a
result of variations in temperature distributions in the PCC layer.
The EICM predictsthat thethermal conductivity of the AC and PCC
layers is capable of significantly altering the temperature distribu-
tionsinthe PCC layer; consequently, these temperature distributions
have a noteworthy effect on predicted pavement performance.

MnROAD DATA AND DATA ANALYSIS
MnROAD Data

Thetemperature dataused in thisreport wereretrieved from the* main-
ling” test sections along 1-94 at the MnROAD facility. MnROAD is
afull-scale cold-region pavement testing facility constructed in 1994
and administered by the Minnesota Department of Transportation
(MinnesotaDOT). MNROAD islocated near Albertville, Minnesota,
along 1-94. The full-scale testing facilities at MNROAD consist of
over 35 sections (or cells) distributed over a westbound stretch of
1-94, alow-volumeroad loop, and afarm loop. Each of thetest cells
represents experiments in road research, from pavement materials
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and design to emerging construction technologies. Thetest cellsare
continuously monitored by thousands of live sensors, including more
than 1,000 thermocoupleslocated at various depths of pavement sec-
tions (8). Data from these sensors are catal ogued and maintained in
Minnesota DOT’ s database (9).

This study used afull year of hourly pavement temperature data,
extracted from five test cells along the MnROAD mainline sections,
a 3.5-mi stretch of 1-94 that carries an average of 26,400 vehicles
daily. Those five test cells are three thin-concrete cells (113, 213,
and 313) and two composite AC-over-PCC cells (106 and 206). The
design for each of these cellsisillustrated in Figure 2.

As Figure 2 shows, the designs of the two sets of test cells are
quite similar, the main difference being the presence of an AC over-
lay. Thisoverlay is at the core of the comparison that uses the data,
which isto investigate the differences in thermal readings through
overlaid and exposed PCC.

The temperature data from MnROAD were filtered by using a
program for mining of various pavement dataunder devel opment by
the University of Minnesota, Minnesota DOT, and the Minnesota
Local Road Research Board (11). This program subjected the tem-
perature data to different tests to identify missing data, insufficient
datafor agiven day, sensor outliers, and data subset outliers, and in
so doing, flagged suspect data. Results varied between sensors, but
for thevast majority of them, only 1% to 2% of the temperature data
were flagged as potentially problematic. No flagged data (i.e., only
the highest-quality data) were used in the analysis discussed in this
paper. Given the high volume and sometimes suspect nature of tem-
perature data, screening the data allowed the researchers to com-
pare temperature datafrom the sensors on the exposed PCC and the

AC-over-PCC with confidence.
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FIGURE 2 Design cross section of MnROAD Cells 113, 213, 313,
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Data Analysis

A préeliminary anaysisof thethermal datameets expectationsin many
regards. For instance, anatural comparison of an AC-over-PCC pave-
ment with its single-layer counterpart is to investigate the abedo
effect. Surface albedo is the effect of color on the degree of absorp-
tion of solar radiation and thereby surface temperature. Surfaces
with adarker color absorb more incoming solar radiation and thus
have a lower albedo; hence, an AC surface typically has a lower
albedo than does a PCC surface. To account for the albedo effect,
one would expect that the surface of the AC-over-PCC pavement
would have higher maximum and daytime temperatures than those
of asingle-layer PCC pavement. This expectation was confirmed
with data from MnROAD Cells 106 (AC overlay) and 213 (JPCP),
asillustrated in Figure 3.

In Figure 3, the AC surface temperatures are clearly higher than
the PCC surface temperatures. All other factors being equal, these
increased surface temperatures attributable to albedo lead to greater
positive temperature gradientsin the AC-PCC system, if one assumes
that the temperature near the base isthe samein both systems. (Here
a positive thermal gradient is one in which the temperature at the
surface exceeds that near the base.)

Larger thermal gradientsin the composite system do not necessar-
ily create alarger thermal gradient through the PCC dab itself. The
presence of the AC overlay may create an insulating effect, where
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the gradient in the PCC dlab in the composite system is less severe
than that in its exposed JPCP counterpart. Figure 4 isaplot of tem-
perature differences between the top and bottom of the PCC dabsin
an exposed JPCP pavement (Cell 113) and an AC-over-PCC pavement
(Cell 106). For Cell 113, the PCC-only slab, temperature data are
recorded at 0.5 and 4 in. from the pavement surface; for Cell 106,
the data are taken from thermocouples 2.5 and 6 in. from the surface.
In both cases, the gradient through the PCC slab is described for a
vertical distance of 3.5in.

Figure 4 clearly shows that the thermal gradient for the PCC slab
is lower in magnitude in the AC-PCC composite structure than in
the exposed JPCP. This effect appears in closer detail in Figure 5,
which illustrates hourly detail on the thermal gradient in the same
PCC dlabs (in Cells 113 and 106) over a 2-week span (July 24 to
August 7, 2009).

Asimplied through the use of various periodsfor the hourly data
of Figures 3, 4, and 5, the insulating phenomenon of AC overlays
will be observed for all seasons. Whilethe effect ismore pronounced
in the summer months, when solar radiation and daytime heating are
at maximums, the effect remains observable evenin thewinter months
(which are depicted, in part, in Figure 4).

It could be suggested that, because the sensors used in Figure 4
were 0.5 in. from the top of the PCC slab—0.5 in. from the pave-
ment surface for JPCP Cell 113 and 2.5 in. from the pavement sur-
face for AC-PCC Cell 106—and not at similar absolute depths, the
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FIGURE 3 Hourly AC surface temperatures

from Cell 106 (in red) and hourly JPCP surface

temperatures from Cell 213 (in blue) illustration of albedo effect.
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FIGURE 4 Hourly PCC temperature differences throughout AC-over-PCC
(Cell 106 in red) and JPCP (Cell 113 in blue) thicknesses as illustration of

insulating effect of AC overlay.
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FIGURE 5 Close detail of hourly temperature differences throughout PCC slab

thickness for AC-over-PCC (Cell 106 in red) and JPCP (Cell 113 in blue).



Johanneck, Tompkins, Clyne, and Khazanovich

10

. e

Temperature Difference [°C]

ik
|

T A AT s

-

Ll T

35

313TC 120-123
106TC 112-114

PN
o te

i

-6
01/01/09 04/01/09

1
07/01/09

Date

]
10/01/09 01/01/10

FIGURE 6 Thermal gradients at similar locations in AC-over-PCC (Cell 106 in red) and

JPCP (Cell 313 in blue).

reduction in temperature differences could be attributed to the effect
of the sensor location. To disprove this explanation, Figure 6 exam-
ines thermal gradients for similar overall depths in the composite
and JPCP structures. This comparison differs from the comparison
visible in Figure 4, as both upper locations are at an absolute depth
of 2.5in. below the pavement surface. The bottom locationsfor this
analysisare5.5in. for the JPCP Cell 113 and 6 in. for the AC-PCC
Cell 106. The vertica distance assumed for each thermal gradient,
then, is3in. for Cell 113 and 3.5in. for Cell 106.

Figure 6 confirms the insulating effect of the asphalt layer. The
plot showsthat, even over adlightly greater vertical distanceof 0.5in.,
whose additional thicknesswould increase the magnitude of the ther-
mal gradient, AC-PCC Cell 106 has markedly lower temperature
differences. If temperature distributions were not affected by the
asphalt layer, this comparison would yield similar results for each
system at theindicated depths. Hence, theinsulating effect isnot an
artifact of selective dataanalysis.

The EICM simulations & so predict that an AC overlay reduces
temperature gradientsin the PCC layer directly beneath it. Figure 7
compares July cumulative frequency distribution of simulated data
from MEPDG with that of measured datafrom MnROAD. Thefig-
urereved sthat thedataanalysis of both temperature dataand climatic
modeling support the hypothesisthat the AC overlay significantly
altersthetemperature distributionsin an underlying PCC slab. More-
over, Figure 7 shows good qualitative agreements between the EICM
predictions and the measured data. In the next section, a quantita-

tive comparison of measured and predicted temperature differences
is conducted.

MEPDG AND EICM SENSITIVITY
TO THERMAL CONDUCTIVITY

Although numerous studies have demonstrated the importance of
climatic effects on MEPDG performance predictions, few large-
scale studies have compared EICM predictions for thermal gradi-
entsthrough pavement slabswith measured data. Therefore, readers
should be aware that the EICM uses historical climatic data and
neither uses or produces climatic forecasts. The climatic data used
to produce the modeled data were recorded from a 9-year, 8-month
period from 1996 to 2006, ending nearly three full years before the
temperature measurements recorded at MNROAD in 2009. Thus, it
isnot expected that the model ed datafrom any singleyear or an aver-
age of years of modeled datawill match with the 1 year of measured
data used in this report.

Theaim in thisdiscussion of EICM, then, isto understand bet-
ter the model and the key parameters that drive its predictions for
climate—and, consequently, predictions of pavement performance
for the MEPDG. One parameter that has received little notice given
its relative obscurity in pavement research is thermal conductivity.
Thisparameter is often |eft untouched by pavement engineers; how-
ever, aswasillustrated earlier for predictions of transverse cracking,
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FIGURE 7 Simulated thermal gradients for AC-over-PCC (Cell 106) and JPCP (Cell 113) structures

and their measured analogues from MnROAD.

itsinfluence can befar reaching for MEPDG performance predictions.
Thefollowing discussion attemptsto characterize theinfluence of this
parameter on EICM predictions.

Measured temperature differences through a JPCP pavement
(MnROAD Cell 113) and modeled temperature differences for a
JPCP pavement (from MEPDG and EICM) were plotted in acumu-
lativefrequency distribution. For thisinitial comparison, theMEPDG
default thermal conductivity value of 1.25 Btu/h-ft-°F was used for
the PCC in the JPCP. The plot represents the temperature distri-
butions for 1 month (July) of measured datafrom MnROAD and
the minimum and maximum predicted values of seven simulated
instances of the same month from 7 years of modeled climate data
from EICM-MEPDG.

As Figure 8 shows, the MEPDG underestimates frequencies of
positive and negative temperature gradients that were measured in
the PCC cellsat MnROAD. For example, the EICM predicts that
the temperature differences between the top and the bottom sur-
faces of the PCC should be less than +7°C more than 95% of the
time. The MNROAD measurements show that temperature differ-
ences less than +7°C occurred only 86.3% of the time; therefore,
13.7% of the temperature differences recorded were greater than
+7°C. Similarly, the EICM predicts that the temperature difference
between the top and the bottom surfaces of the PCC should be less
than—3°C 22.4% of thetime. The MnNROA D measurements show that
thetemperature differences|ess (more negative) than —3°C occurred
32.3% of time.

Oneexplanation for thisdifferenceisthat the reduced temperature
differencesin the modeled data are, in part, aresult of the MEPDG
forcing an unnecessarily high value for thermal conductivity on
EICM,; that is, the thermal conductivity does not match that of Cell
113 at MnROAD (the actual value of whichisunknown, asit would
befor most as-designed or in-field pavements). The thermal conduc-

tivity input was adjusted to a lower value of k = 0.94 Btu/h-ft-°F.
Figure 9 illustrates a similar comparison to the one in Figure 8 but
with the new value for the thermal conductivity.

Hereitisevident that thelower value of k= 0.94 Btu/h-ft-°F for the
thermal conductivity input brings the simulated minimum and maxi-
mum thermal gradients closer to the measured cumulative frequency
distribution from MnROAD. To confirm that the adjusted thermal
conductivity value improved on the model that used the MEPDG
default value, other months were examined. Figure 10a compares
modeled and measured data from March for the MEPDG default
value for thermal conductivity, while Figure 10b compares the mea-
sured data with MEPDG predictions by using the adjusted thermal
conductivity value of k= 0.94 Btu/h-ft-°F.

Theanaysesfor March and July areindicative of similar analyses
performed for other months, al of which suggested that a reduction
of the MEPDG default thermal conductivity input value resulted
in better agreement between the measured data and the modeled
thermal gradients.

Further analyses found, however, that the relationship between
measured data and modeled data began to deteriorate for values of
thermal conductivity that were less than k = 0.94 Btu/h-ft-°F. Fig-
ure 11 isrepresentative of modeled data that use athermal conduc-
tivity input less than 0.94 Btu/h-ft-°F; for this figure, k = 0.85
Btu/h-ft-°F for the simulated data, which isillustrated against the
measured MnROAD data from July once again.

As Figure 11 shows, the thermal conductivity input value of
0.85 Btu/h-ft-°F results in modeled data that is in poor agreement
with the measured data collected at MNROAD. This is especially
evident by noting the range of values along the abscissa.

Hence, by adjusting the thermal conductivity input to a value
lower than the MEPDG default of 1.25 Btu/h-ft-°F, the predictions
of temperature gradients were found to agree better with measured



Johanneck, Tompkins, Clyne, and Khazanovich 37

= = Minimum == = Maximum Measured |

100 -

80

60 -

Percentage

40 1

20 -

-10 -5 0 5 10 15
Temperature Difference [°C]

FIGURE 8 Measured versus modeled cumulative frequency distribution for thermal gradient through JPCP
pavement in July (k = 1.25 Btu/h-ft-°F).
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FIGURE 10 Measured versus modeled cumulative frequency distribution for thermal gradient

through JPCP pavement in March for () MEPDG default value (k = 1.25 Btu/h-ft-°F) and
(b) adjusted value (k = 0.94 Btu/h-ft-°F).

data from MnROAD for a PCC dlab in JPCP pavements. Further-
more, arange of valuesweretested for the thermal conductivity, and
theanalysisfound that avalue of 0.94 Btu/h-ft-°F produced the best
fit of modeled datato the measured MNnROAD data. Although agree-
ment between the measured and the modeled data varied from
month to month, the value of 0.94 Btu/h-ft-°F produced the best
results for each month. While this value does not produce an exact

fit and is not intended to demonstrate the nature of EICM modeling
and inherent variability in any data set, the modificationsto the ther-
mal conductivity input represent an improvement over the default
value.

Only one PCC pavement structure was considered in this analy-
sis. A similar analysisfor other MNROAD concrete sectionswill be
conducted in the future.
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FIGURE 11 Measured versus modeled cumulative frequency distribution for thermal gradient through JPCP

pavement in July (k = 0.85 Btu/h-ft-°F).

CONCLUSIONS

While many aspects of the MEPDG modeling and design inputs have
been the subject of agreat deal of research, very little of the MEPDG
dealing with climate and itsimpact on prediction of pavement perfor-
mance has been a subject of an in-depth analysis. The dual focus
of this paper was thermal characteristics of acomposite pavement
system and the modeling of these characteristics relative to mea-
sured environmental conditions. This focus requires an under-
standing of the EICM, which performs the climate modeling for the
MEPDG, and a close examination of reliable temperature data for
both acomposite AC-PCC pavement system and asingle-layer PCC
analogue.

This study examined measured and modeled temperature distri-
butions in the PCC layer of JPCP and AC-over-PCC pavement
structures. Hourly temperature data recorded from AC-PCC com-
posite and JPCP cells at MNROAD were collected and filtered to
remove suspect measurements. These datawere then used to inves-
tigate the effects of climate on these two pavement systems and to
validate expectations as an initial check of data quality. Measured
dataindicated that diurnal AC surfacetemperatureswere markedly
higher than those of a PCC surface because of AC having alower
albedo. Despite the overall greater temperature difference through
thefull depth of the AC-PCC structure, temperature records showed
that the thermal gradient in aPCC layer was significantly lessif an
AC overlay was present. This effect is thought to contribute to the
longevity and improved performance of the underlying PCC struc-
ture. EICM simulations were also found to reproduce the insul at-
ing effect of an AC overlay observed in the MNROAD data for
composite test cells.

Furthermore, the research summarized in this paper examined the
sensitivity of the EICM and MEPDG to thermal conductivity input

values for the AC and PCC layers. It was found that these param-
eters significantly influenced predicted pavement performance for
MEPDG simulations, and thisdiscovery led to further investigation
of the influence of thermal conductivity on EICM predictions for
thermal gradients through a simulated pavement system. A quanti-
tative comparison of modeled and measured temperature data was
conducted. The EICM simulations produced temperature distribu-
tions smaller than the measured distributions when the MEPDG
default thermal conductivity value of PCC, k=1.25 Btu/h-ft-°F, was
used. Several PCC thermal conductivity values were tested; the
highest agreement between the measured and modeled data for a
6-in.-thick MNnROAD test section occurred with a PCC thermal
conductivity of 0.94 BTU/hr-ft-°F.

Finally, adjustments to the MEPDG thermal property inputsin
routine design should be done only with care. Solo improvement in
prediction of the temperature distribution in the pavement structure
does not necessarily lead to improvement in predictions of pavement
performanceif the modelsfor predicting performance had been cal -
ibrated for the MEPDG default material thermal properties. There-
fore, it is important to make evaluation of the MEPDG material
thermal properties a part of an MEPDG local calibration process.

ACKNOWLEDGMENTS

The authorsthank the study partnersin the FHWA pooled fund that
financed this work for their support: the Minnesota Local Road
Research Board (LRRB), FHWA, and the Minnesota, California,
and Washington Departments of Transportation. The authors also
acknowledge the support of LRRB and Minnesota DOT through their
sponsorship of the Pavement Research Institute. Finally, the authors
thank Randal Barnes of the University of Minnesota for assisting
them in modifying and applying histoolsfor datamining and filtering.



40

REFERENCES

1

ARA, Inc., ERES Consultants Division. Part 2, Ch. 3. In Guide for
Mechanistic-Empirical Design of New and Rehabilitated Pavement
Sructures. Final report, NCHRP Project 1-37A. Transportation Research
Board of the National Academies, Washington, D.C., 2004, http://www.
trb.org/mepdg/guide.htm.

. Yu,H. T.,K. D. Smith, M. I. Darter, J. Jiang, and L. Khazanovich. Per-

formance of Concrete Pavements, Volume I11: Improving Concrete
Pavement Performance. FHWA-RD-95-111. FHWA, U.S. Department
of Transportation, 1998.

. Nishizawa, T., S. Shimeno, A. Komatsubara, and M. Koyanagawa.

Temperature Gradient of Concrete Pavement Slab Overlaid with Asphalt
Surface Course. In Transportation Research Record: Journal of the
Transportation Research Board, No. 1730, TRB, National Research
Council, Washington, D.C., 2000, pp. 25-33.

. Hall, K. D., and S. Beam. Estimating the Sensitivity of Design Input

Variables for Rigid Pavement Analysis with a Mechanistic-Empirical
Design Guide. In Transportation Research Record: Journal of the Trans-
portation Research Board, No. 1919, Transportation Research Board of
the National Academies, Washington, D.C., 2005, pp. 65-73.

. Graves, R. C., and K. C. Mahboub. Pilot Study in Sampling-Based

Sensitivity Analysisof NCHRP Design Guide for Flexible Pavements.
In Transportation Research Record: Journal of the Transportation
Research Board, No. 1947, Transportation Research Board of the National
Academies, Washington, D.C., 2006, pp. 123-135.

10.

11.

Transportation Research Record 2226

. Kannekanti, V., and J. Harvey. Sensitivity Analysis of 2002 Design

Guide Distress Prediction Modelsfor Jointed Plain Concrete Pavement.
UCPRC-DG-2006-01. California Department of Transportation, Sacra-
mento, and Pavement Research Center, University of California, Davis
and Berkeley, 2006.

. Johanneck, L., and L. Khazanovich. Comprehensive Evaluation of

Effect of Climate in Mechanistic-Empirical Pavement Design Guide
Predictions. In Transportation Research Record: Journal of the Trans-
portation Research Board, No. 2170, Transportation Research Board of
the National Academies, Washington, D.C., 2010, pp. 45-55.

. Minnesota Department of Transportation. MNROAD-Minnesota Depart-

ment of Transportation Cold Weather Research Facility: Pavement
Sensors. http://www.dot.state.mn.us/mnroad/instrumentati on/pavement
sensors.htmi#tc. Accessed July 30, 2010.

. Tompkins, D., and L. Khazanovich. MNROAD Lessons Learned. Final

Report MN/RC-2007-06. Minnesota Department of Transportation,
St. Paul, 2007.
Minnesota Department of Transportation. Current (2010) Test Sections.
http://mww.dot.state.mn.us'mnroad/testsections/mainline.html. Accessed
July 30, 2010.
Barnes, R. MNROAD Data Mining, Evaluation, and Quantification:
Phase|. Draft final report. Minnesota Department of Transportation,
St. Paul, 2009.

The Rigid Pavement Design Committee peer-reviewed this paper.



