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INTRODUCTION

Minnesota’s temperature changes over a wide range on a daily and a seasonal basis. Our
roads are expected to perform without major distress over this range of temperature
extremes. The effects of temperature cause thermal stress, warping and curling and joint
design for Portland Cement Concrete (PCC), and freezing/thawing of moisture sensitive
materials. Temperature is one of the most basic pieces of information needed to design a
pavement. Temperature is used to specify Performance Grades (PG) for asphalt binders,
timing of spring load limits, base thickness for frost free design and modeling parameters for
pavement performance and design. This report provides a summary of the various
temperature phenomena seen in select the pavement systems. All data is from the
Minnesota Road Research Project (Mn/ROAD), located in south central Minnesota. All
available data was not analyzed for this report, but rather a few selected cells were analyzed.
Therefore, the temperature extremes may not be the exact maximum or minimum for all the
cells that were monitored, but should be within a few degrees.
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Figure 1. Minimum Pavement Temperatures (1996) [°F]




EFFECT OF SNOW COVER ON ROADWAY

Snow cover has an insulating effect on the
pavement. Table 1 shows the wide range
of thermal conductivity values for various
common materials. A lower conductivity
value indicates a material that will insulate
better. Loose snow insulates almost as
well as fiberglass insulation. Therefore, a
small amount of snow on the road will have
dramatic effects on the pavement
temperature.

Figure 2 shows the temperature of the
pavement before and after two snowfalls.
The interstate pavement was constantly
cleared of snow, so those temperatures

low-volume road (LVR) was plowed a day
or two later after each snow fall event.
Prior to plowing the temperatures in the
pavement remained nearly constant.

Material Thermal Conductivity
(W/m*K)

Ice 2.21
Portland Concrete 1.7
Asphalt Concrete 1.28
Snow (compacted) 0.7
Water 0.56
Snow (loose) 0.08
Glass wool 0.04

Table 1. Thermal Conductivity Values

Source:  “An Introduction to Frozen Ground Engineering,”
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Figure 2. Effect of Snow Cover on Pavement Temperature



WINTER PAVEMENT TEMPERATURE CROSS-SECTION

Depth from Pavement Surface (feet)

FIGURE 3.

YEARLY TEMPERATURE PROFILES
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TEMPERATURE CONTOURS IN °F

The insulating effect of snow on the
shoulder and in the ditch leads to an
interesting temperature profile. [Figure 3]
The shoulder/ditch is 20°F warmer than the
pavement at the same depth due to the
SNOw cover.

During spring thaw the base under the
pavement starts to thaw earlier than the
portion in the shoulder/ditch covered with
snow. However, with the greater depth of
frozen soil, it will take long to thaw
completely. In order for the soil to thaw
under the shoulder/ditch, the snow must
first be melted above it. By the end of
spring the driving lane and shoulder/ditch
will thaw completely at approximately the
same time.

A seasonal look at one cell of the road’s temperature shows the amount of temperature
change that typically takes place at each depth (Figure 4). (9.2 inches HMA, over 4 inches
PASB, over 3 inches CLS4, over Silty Clay subgrade.)
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DIFFERENCE IN ROAD TEMPERATURE DUE TO PAVEMENT TYPE

In general there is very little difference in HMA and PCC temperature due to pavement type.
[Figure 5] During the summer, the maximum daily temperature, measured 1 inch below the
surface for the HMA was 2°F warmer than PCC. The winter maximum temperatures were
virtually the same for both pavement types. The minimum daily temperatures at the same
location during the winter were approximately 0.5°F cooler in the HMA. However, during the
summer the minimum daily temperatures were nearly identical.
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Figure 5. Maximum/Minimum Temperature Comparison

SELECTION OF PG BINDER BASED ON TEMPERATURE

Determination of proper asphalt grade is based on the five day average temperature at 1 inch
below the pavement surface, economics, and availability. The measured extreme pavement
temperatures at 1 inch and 5 inches below the surface are shown in table 2.

With the temperture ranges in the above table, a PG binder can be selected that would cost
the least for the range of temperatures required (Table 3). In this case a PG 58-28 would be
selected for the base course and a PG 58-34 for the wear course based soley on
temperature requirements.

Table 2. Temperature Extremes in Pavment Layer

PG Grade] PG Grade Cost
o) CF) ($)/ton
64-22 147-8 165
58-28 136-18 165
64-28 147-18 205
52-34 126-29 175
Top 5 inches | Below 5 inches 58-34 136-29 225
Max. Temp 133°F (56°C) 113°F (45°C) 64-34 147-29 235
Min. Temp -26°F (-32°C) -15°F (-26°C) 58-40 136-40 245
70-28 158-18 225

Table 3. PG Binder Selection Chart



TEMPERATURE FLUCTUATIONS
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Figure 6. HMA Temperature Change (April 21, 2000)

Max. Daily Max. Temp. | Min. Temp. Duration from
Pavement Type Change (°F)} __Date CF) Ch) Max_to Min (hours)
Thin HMA (5 inch) 59.1 6/5/00 104.3 45.2 9.75
Thick HMA (8 inch) 63.0 4/21/00 92.1 29.1 9
Thick PCC (10 inch) 54.8 4/21/00 84.4 29.6 9.25
Air Temp. Change 34.4 4/21/00 61.6 27.2 9.25
Max. Air Temp. Change 42.9 9/28/00 79.6 36.7 10.5

Table 3. Maximum Daily Temperature Fluctuations

HEAT WAVE 1997

The highest air temperature occurred on July 24, 1999 at 3:00PM with a value of 95.4°F.
However the maximum pavement temperature, 1 inch below the surface, occurred on July
17, 1997 when the air temperature was 88.7°F. This is due to the fact that pavement
temperature is influenced by conditions before the date of an extreme temperature event.
Long gradual heating of the pavement will result in hotter pavement temperature than a one
day spike in temperature due to the hottest air temperature. The maximum pavement
temperatures were on July 17, 1997 were 133.2°F (566.2°C) in HMA and 124.7°F (51.5°C) in
the PCC.



i NEED MORE INFORMATION ON PAVEMENT TEMPERATURES?

Contact: Minnesota Department of Transportation
OFFICE OF MATERIALS & ROAD RESEARCH
1400 GERVAISAVE. MS 645
MApPLEWOOD, MN 55109

GREG JOHNSON GREG.JOHNSON@pOT.STATEMN.US  (651) 779 — 5938

(WITHIN MNDOT [GROUPWISE] — JOHN2GRE OR GREGORY JOHNSON)

Mn/ROAD

Office of Materials and Road Research
1400 Gervais Avenue

Maplewood, MN 55109

http://mnroad.dot.state.mn.us
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