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───────────────────────────────────────────────────────
Abstract: Use of a newly developed intelligent compaction technology, called the Intelligent Asphalt Compaction Analyzer (IACA), to
estimate the stiffness of an asphalt pavement during construction is addressed in this paper. The IACA is a neural network-based device
that functions on the hypothesis that the roller and the underlying pavement layers form a coupled system and that the stiffness of the
pavement layer can be determined through the vibration of the roller. For a given asphalt mix, the “Master Curves” for the dynamic
modulus are first determined according to the AASHTO TP62-03 test method. During the compaction of the pavement, the IACA records
the entire frequency spectrum of the vibrations of the roller and classifies these vibrations into different levels. The master curves are then
used to calibrate the IACA to convert these levels of vibrations into a modulus value, representing the stiffness of the asphalt layer being
compacted.
This two-step process produces stiffness measurements in real-time that are representative of the pavement being constructed. Also,
since the neural network is calibrated during the construction of a stretch of the actual pavement, the stiffness measurements are obtained
without the need to evaluate the underlying pavement layers and the subgrade. The IACA provides the stiffness values over the entire
pavement in a non-destructive manner. Further, the proposed method allows for the verification of the estimated modulus through the
falling weight deflectometer (FWD) or similar field tests of the constructed pavement.
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Introduction
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Stiffness is a key design factor that directly impacts the load bearing
capacity of roadway pavements. Early deterioration of pavements
due to rutting, fatigue cracking, and other types of distresses may be
attributed to inadequate stiffness achieved during the compaction
process [1]. The stiffness of a pavement is typically expressed in
terms of its modulus, i.e., the relationship between the applied stress
and the resulting deformation. The AASHTO 1993
mechanistic-empirical pavement design guide (MEPDG) [2]
recognized the resilient modulus (MR) as one of the primary
mechanistic properties to evaluate performance of a pavement under
vehicular loading and environmental conditions. Laboratory tests on
the cyclic behavior of compacted hot mix asphalt (HMA) specimens
show that their stress-strain relationships are temperature dependent.
The National Cooperative Highway Research Program (NCHRP)
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Project I-37A recommends the use of dynamic modulus to
characterize the HMA mixes [3]. With increased emphasis on the
new mechanistic-empirical-based design procedures, predictive
equations have been developed to estimate dynamic modulus of
HMA layers as a function of such properties as mix type, aggregate
structure, binder specifications, volumetric properties of compacted
specimens, and mix temperature [4-8].
While dependence of the pavement performance on stiffness is
well known, this parameter is rarely measured/monitored in the field
during construction of a pavement. Instead, the current quality
control (QC) methods in the field during construction of HMA
pavements focus on the measurement of density of cores extracted
from the finished pavement at specific locations. Unfortunately, the
process of extracting roadway cores is destructive in nature and it
often leads to the deterioration of the pavement. Also, remedial
measures to rectify inadequate compaction problems after pavement
has cooled down are costly and time consuming. Therefore, there is
a need to develop cost effective techniques for rapid in-situ
measurement and monitoring of pavement stiffness during the
compaction process.
In-situ testing of mechanical properties of pavements and
underlying subgrade soils is a widely researched area. Several test
devices such as the Benkelman Beam, Lacroix Deflectograph, static
plate loading test, and FWD are available for nondestructive
evaluation of asphalt pavements [9-10]. More recently, the rolling
weight deflectometer, spectral analysis of surface waves, and the
Humboldt stiffness gauge have also been used to measure in-situ
stiffness of pavement layers including subgrade [9, 11]. However,
these test devices are applicable only after the compaction process is
complete and pavement has cooled down to the ambient temperature.
Therefore, although these tools can be used to identify deficiencies
in compaction, they are not suitable for use during the construction
of the pavement.
The need to measure the stiffness of a pavement during
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