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ABSTRACT

A majority of the primary roadways in the Uhited States are constructed using hot-
mix asphalt (HMA) placed over a granular base material. The strength of this pavement
system is strongly influenced by the local environmental conditions. Excessive moisture
in a granular base layer can cause that ayer to lose its structural contribution by
reducing the area over which loading may be distributed. Excessive moisture and fine
particles can be transported by hydrostatic pressure to the surface layers, thus reducing
the strength of the overlying HMA by contamination. Moisture in the surface HMA layers
can cause deterioration through stripping and raveling. In addition, as HMA is a
viscoelastic material, it behaves more as a viscous fluid at high temperatures and as an
elastic solid at low temperatures. Between these two temperature extremes, a
combination of these properties is evident. Thus, understanding the environmental
effects on flexible pavements allows better prediction of pavement performance and
behavior under different environmental conditions.

As part of the ongoing pavement research at the Virginia Smart Road,
instrumentation was embedded during construction to monitor pavement response to
loading and environment; moisture content of the granular base layers and temperature
of the HMA layers were among the responses monitored. The Virginia Smart Road,
constructed in Blacksburg, Virginia, is a pavement test facility is approximately 2.5km in
length, of which 1.3km is flexible pavement that is divided into 12 sections of
approximately 100m each. Each flexible pavement section is comprised of a multi-layer
pavement system and possesses a unique structural configuration. The moisture
content of aggregate subbase layers was measured utilizing two types of Time-Domain
Reflectometry (TDR) probes that differed in their mode of operation. The temperature

profile of the pavement was measured using thermocouples.



Data for the moisture content determination was collected and results from two probe
types were evaluated. In addition, the differences in the moisture content within the
aggregate subbase layer due to pavement structural configuration and presence of a
moisture barrier were investigated. It was shown that the two TDR probe types gave
similar results following a calibration procedure. In addition to effects due to pavement
structure and subgrade type, the presence of a moisture barrier appeared to reduce the
variability in the moisture content caused by precipitation. Temperature profile data was
collected on a continuous basis for the purpose of developing a pavement temperature
prediction model. A linear relationship was observed between the temperature given by
a thermocouple near the ground surface and the pavement temperature at various
depths. Following this, multiple-linear regression models were developed to predict the
daily maximum or minimum pavement temperature in the HMA layers regardless of
binder type or nominal maximum particle size. In addition, the measured ambient
temperature and calculated received daily solar radiation were incorporated into an
additional set of models to predict daily pavement temperatures at any location. The
predicted temperatures from all developed models were found to be in agreement with

in-situ measured temperatures.



