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The Long-Term Pavement Perfor-

mance (LTPP) program is a 20-year

study of inservice pavements across

North America. Its goal is to extend

the life of highway pavements

through various designs of new and

rehabilitated pavement structures,

using different materials and under

different loads, environments, sub-

grade soil, and maintenance practices.

LTPP was established under the

Strategic Highway Research Program,

and is now managed by the Federal

Highway Administration.
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Introduction
This TechBrief announces the completion of a Federal Highway
Administration (FHWA) study that is fully documented in a separate
report, LTPP Seasonal Asphalt Concrete Pavement Temperature Models
(Publication No. FHWA-RD-97-103). (See report-ordering information on
the last page of this summary.)

Background
The Seasonal Monitoring Program (SMP),(1) an element of the Long-
Term Pavement Performance (LTPP) study, was initiated in 1991. One of
the key objectives of SMP is to provide field data to validate models for
relating environmental conditions and in situ properties of pavement
materials. The initial phase (Loop-1) of the program—collecting pave-
ment and air temperatures at 30 test sites throughout North America—
was completed in 1995. The availability of these data made it possible
to evaluate and refine existing low pavement temperature models for
asphalt binder selection.

Objectives
This LTPP data analysis was conducted to verify the existing Strategic
Highway Research Program’s (SHRP) low pavement temperature mod-
els and to develop an LTPP model for SUPERPAVE binder selection.

Research Products
This study produced the following research products:

■ LTPP low pavement temperature model for SUPERPAVE binder selection.
■ New Seasonal AC [Asphalt Concrete] Pavement Temperature (SAPT)

database.

Product Benefits
SUPERPAVE binders are selected based on the lowest and highest pave-
ment temperatures expected at a site. The original binder specifications
used the lowest air temperature as a surrogate for the lowest pavement
temperature. LTPP data prove that the pavement temperature is never
as low as the lowest air temperature. Hence, SUPERPAVE binder grades
were more restrictive than may have been needed.



The results of this research pro-
vide pavement engineers with a
new set of tools for selecting
asphalt binders. The benefits of
these new tools include:

■ Ability to select binder grades
that are less restrictive, more
cost-effective, and meet SUPER-
PAVE performance-grade con-
cepts.

■ Ability to select binder grades
based on reliability and statisti-
cal data.

■ Ability to refine temperature
models for regional or local
conditions.

Research Approach

Database Development
To evaluate existing low pave-
ment temperature models, a new
low pavement temperature data-
base was created using field data
from SMP.

A summary daily database was
constructed from lowest air and
pavement temperature data for
November through March that
were collected from 24 asphalt
SMP sites. Other data, such as
geographic location, pavement
thickness, and weather data from
the closest weather station to the
section, were collected from two
other sources—SHRPBIND and
LTPP Data Sampler computer pro-
grams—and added to the summa-
ry daily database. This summary
database is the new SAPT data-
base and is available on 3.5-in
floppy disks from LTPP headquar-
ters.

To develop the low pavement
temperature model, a database of
monthly low temperatures was
constructed. This database in-
cludes SMP monthly low air and
pavement temperatures at three

different locations (approximately
25 mm below the top, at mid-
layer, and 25 mm over the bottom
of the layer) within the surface
layer for cold months (November
through March) in addition to lati-
tude, longitude, and elevation for
411 data points. Table 1 shows the
ranges of data in the new data-
base.

LTPP Low Pavement Temperature
Model Development
A correlation analysis was per-
formed on the monthly low pave-
ment temperature database to
identify potential independent vari-

ables. Variables considered were
air temperature, latitude, elevation,
pavement temperature, and depth
into the AC layer. Results from this
analysis indicated that air tempera-
ture, latitude, and depth into the
AC layer were key independent
variables. These were then
graphed against the pavement
temperature (i.e., the dependent
variable) to determine the type of
relationship (linear versus non-lin-
ear) between the model’s depen-
dent and independent variables.
Finally, a stepwise regression
method was used to select the
strongest variables for the model.

Mean Minimum Maximum

Tpav (Low AC pavement temperature, °C) -9.13212 -33.01 13.67

Tair (Low air temperature, °C) -17.9542 -41.53 4.61

Lat (Latitude of the section, degrees) 41.69345 26.983 51.908

H (Depth into AC layer, mm) 87.80613 25.4 274.32

Elev (Elevation of the section, m) 568.146 11 1586

Ranges of data in low temperature model database

TABLE 1 

Tpav = -1.56 + 0.72 Tair - 0.004 Lat2 + 6.26 log10 (H + 25) - z (4.4 + 0.52 σ2
air)1/2

Where:

Tpav = Low AC pavement temperature below surface, °C.

Tair = Low air temperature, °C.

Lat = Latitude of the section, degrees.

H = Depth to surface, mm.

z = From the standard normal distribution table, 

z=2.055 for 98-percent reliability.

σair = Standard deviation of the annual low air temperature, °C. 

Statistics: R2 = 96%, N = 411, SEE = 2.1

EQUATION 1 

Low Pavement Temperature Model



pavement temperature can be as
much as 15 degrees lower than
the temperature estimated by the
LTPP model for the air tempera-
ture of -40°C. Thus, the SHRP
model is very conservative, espe-
cially at lower air temperatures.

Comparing Performance Grades
Derived From LTPP and SHRP
Models
Asphalt binder performance
grades for SUPERPAVE are calcu-
lated from low pavement temper-
atures starting at -10°C and are

Equation 1 represents the best
working model of those tested
and reviewed for variability and
boundary conditions.

Data and Model Comparisons
Data and model comparisons
were performed to validate the
LTPP low pavement temperature
model and quantify differences
with existing SHRP models.
Following are some of these com-
parisons.

Comparing SHRP Low Pavement
Temperature Models With SMP
Data
The actual SMP measured pave-
ment temperatures at a depth of
25 mm were compared to calculat-
ed temperatures using SHRP low
pavement temperature models.
This comparison is illustrated in
figure 1. It reveals that there is a
significant difference between
data estimates of existing models
and SMP data, especially for lower
air temperatures. Specifically, the
SHRP estimates at 25 mm of depth
are up to 15 degrees lower than
SMP data, while Canadian SHRP
(C-SHRP) estimates are about 7
degrees lower.

Comparing LTPP and SHRP Low
Pavement Temperature Models
The LTPP model was compared
with the SHRP models at 50-per-
cent reliability. This comparison is
illustrated in figure 2. It shows the
pavement surface temperature
calculated using SHRP and C-
SHRP for any latitude and pave-
ment surface temperature calcu-
lated using the LTPP model for
three different latitudes (30, 40,
and 50 degrees for the Southern,
Central, and Northern United
States, respectively). This compar-
ison shows that the SHRP low

SMP low pavement temperature at 25 mm of depth versus air
temperature

Low pavement temperature at surface by SHRP and LTPP models

FIGURE 1 

FIGURE 2

Low Pavement Temperature at 25 mm Depth vs. Air Temperature

Low Air Temperature, °C
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SHRP and LTPP Low Temperature Models at Surface

Air Temperature, °C
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decreased at 6°C increments. The
asphalt low temperature perfor-
mance grades required using the
SHRP model and those derived
from the LTPP model were com-
pared for all 7,801 weather sta-
tions in the SUPERPAVE data-
base.(3)

Figure 3 shows the distribution
of low temperature performance
grades for 98-percent reliability.

Distribution of 98-percent low temperature performance
grades by SHRP and LTPP models

FIGURE 3

This comparison indicates that the
impact of the LTPP model in deter-
mining low temperature perfor-
mance grades is very significant,
especially at lower air tempera-
tures.
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