
SHRP-A-648A
Revised February 1994--Supersedes SHRP-A-648

Weather Database for
the SUPERPAVE TM Mix Design System

Gerald A. Huber

The Heritage Group

Strategic Highway Research Program
National Research Council

Washington, DC 1994



SHRP-A-648A
Contract A-001

Program Manager: Edward T. Harrigan
Project Manager: Edward T. Harrigan
Production Editor: Cara J. Tate

Program Area Secretary: Juliet Narsiah

May 1993
Revised February 1994 Supersedes SHRP-A-648

key words:
asphalt binder
climate

design temperature
mix design
pavement temperature
performance grade
SUPERPAVE TM

Strategic Highway Research Program
National Academy of Sciences
2101 Constitution Avenue N.W.

Washington, DC 20418

(202) 334-3774

The publication of this report does not necessarily indicate approval or endorsement of the findings, opinions,
conclusions, or recommendations either inferred or specifically expressed herein by the National Academy of
Sciences, the United States Government, or the American Association of State Highway and Transportation
Officials or its member states.

© 1993 National Academy of Sciences

425/NAP/294



Acknowledgments

The research described herein was supported by the Strategic Highway Research Program

(SHRP). SHRP is a unit of the National Research Council that was authorized by section

128 of the Surface Transportation and Uniform Relocation Assistance Act of 1987.

Author's Note."

The weather data reported in the original edition of report SHRP-A-648 contained

incorrect data .for 779 Canadian stations. These incorrect data resulted in errors in the

high temperature performance grades recommended for the 50 and 98 percent reliability

levels. The problem was traced to an error in the method for identifying and handling

missing data points in the original weather records.

This revised edition contains a corrected Canadian database. A collateral benefit of this

revision is that correct statistical data and suggested performance grades are now available

for 1515 Canadian weather stations.
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Abstract

The SUPERPAVE TM mix design system software contains a database of 5,313 United States'
and 1515 Canadian weather stations, which can be used to select a suitable performance

grade of asphalt binder for a paving project, based on prevailing weather conditions in the
area. This report briefly describes how the SUPERPAVE TM software functions and presents
selected contents of the weather database in tabular form in an appendix.
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Introduction

The SUPERPAVE TM mix design system software contains a database of 5,313 United States'
and 1515 Canadian weather stations, which can be used to select a suitable performance
grade of asphalt binder for a paving project.

The software guides the mix designer through the selection process in a step-by-step
manner. The data for any station can be selected by positioning a cursor on a map of
North America at dots representing station locations. For each station the statistical
distributions of the yearly 7-day average maximum air temperature and the yearly 1-day
minimum air temperature are available. These distributions may be graphically displayed
along with the degrees of probable risk associated with the selection of any particular
design temperature.

A performance grade of asphalt binder can be selected for a paving project that
minimizes the probable design risk for high and (or) low temperature pavement
performance, or, as warranted by agency policy, a higher degree of probable risk can be
selected on the basis of the class of highway, cost and other relevant factors. The
probable design risk is expressed in terms of reliability; the higher the reliability selected,
the lower the probable design risk.

Tabulation of the Weather Database

Selected contents of the SUPERPAVE = weather database are presented in tabular form
in Appendix A of this report.

Each page in the appendix is roughly blocked into three parts from left to right across
the page. The contents of the first part are the station location and statistical weather
data described in Table 1. The second and third parts present calculated design
temperatures and resulting asphalt binder performance grades for reliability levels of 50
and 98 percent; the contents of each data column are described in Table 2. In practice,
the SUPERPAVE TM software permits the designer to select any reliability level desired.

TABLE 1. STATION LOCATION AND STATISTICAL WEATHER DATA

COLUMN HEADER CONTENTS

STATE Two letter abbreviation for state or province name.

COUNTY ID For U.S. stations, name of county. For Canadian
stations, weather station number.

STATION Name of weather station.

LONG Longitude of weather station.



LAT Latitude of weather station.

ELEV Elevation of weather station in meters.

AVG LOW TEMP Coldest temperature in an average year in °C.

STD LOW TEMP Standard deviation in oC of coldest temperature for all
years for which data are available.

AVGHIGI-I TEMP Average daytime high temperature during hottest 7-day
period in an average year in oC.

STD HIGH TEMP Standard deviation in °C of average daytime high
temperature during hottest 7-day period for all years
for which data are available.

TABLE 2. AIR TEMPERATURES, PAVEMENT DESIGN TEMPERATURES
AND BINDER PERFORMANCE GRADES CORRESPONDING TO 50
PERCENT AND 98 PERCENT RELIABILITY LEVELS.

I COLUMN HEADER CONTENTS

MAX AIR Maximum average air daytime high temperature during
hottest 7-day period in average year in °C.

MAX PVT High design temperature. Maximum pavement
temperature at 20 mm depth converted from maximum
air temperature in °C.

MIN AIR Minimum air temperature in average year in °C.

MIN PVT Low design temperature. Minimum pavement
temperature at the surface, equal to the minimum air
temperature in °C.

BINDER GRADE PG Performance grade of asphalt binder required for
design conditions.

BINDER GRADE HT High temperature performance grade range required
for high design temperature.

BINDER GRADE LT Low temperature performance grade range required
for low design temperature.

Temperature Calculations

In order to calculate the design temperatures described in Table 2, the SUPERPAVE TM

software contains an equation relating design air temperature to design pavement

2



temperature for both high and low design air temperatures. High design pavement
temperature is determined 20 mm below the pavement surface. Low design pavement
temperature is determined at the pavement surface.

Pavement surface temperature is based upon net heat flow at the pavement surface:

Net heat flow = [direct solar radiation] + [diffuse
radiation]+[convection]+[conduction]-[black body radiation]

Energy balance at the pavement surface is a transient phenomenon, continually changing
with changing climatic conditions. For the purpose of calculating pavement surface
temperature during the hottest 7-day period of the year, solar absorption, radiation
transmission through air, atmospheric radiation and wind speed were set at the typical
values shown in table 3:

TABLE 3. TYPICAL VALUES FOR CALCULATING PAVEMENT SURFACE
TEMPERATURE

PROPERTY TYPICAL VALUE

SOLAR ABSORPTION 0.90

TRANSMISSION THROUGH AIR 0.81

ATMOSPHERIC RADIATION 0.70

WIND SPEED 4.5 m/s

The resulting energy balance is non-deterministic. The equation contains latitude with air
temperature and surface temperature raised to the fourth power requiring a trial and
error solution. Using results of a theoretical analysis_ and five databases of actual
measured air and pavement temperature combinations a deterministic equation was
developed relating temperature difference between surface and air to latitude:

Ts,rj- T,i_=-0.006181af+O.22891at+24.4 (1)

where Ts,_fand Tair are in °C and the latitude, lat, is in degrees.

Below the pavement surface the temperature is predicted using heat flow models
contained in the Federal Highway Administration's Environmental Effects Model. During

1M. Solaimanian and P. Bolzan, Analysis of the Integrated Model of Climatic Effects on Pavements:
Sensitivity Analysis and Pavement Temperature Prediction. SHRP-A-637.
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contained in the Federal Highway Administration's Environmental Effects Model. During
the hottest 7-day period in the heat of the day, pavement surface temperature is
increasing and heat flows downward into the pavement. Using data from the temperature
databases an equation was developed that expresses the change in temperature with
depth:

Ta=T_,,.:(I_O.063d+O.OO7d2_O.O004d3) (2)

where Td and T_f are in °F and the depth, d, is in inches.

Converting to SI units and calculating the temperature at a depth of 20 mm, the
equation becomes:

T2o,nm=(Ts,,,.f+17.78)(0.9545)- 17.78 (3)

where T2omm and T_f are in ° C.

By substituting equation (1)into equation (3), the equation contained in the
SUPERPAVE TM software is obtained:

T2omm=(T_r-O.OO6181at2+O.22891at+42.2)(0.9545)-17.78 (4)

where T20mm and Tai r are in °C and the latitude is expressed in degrees.
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