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ABSTRACT

This study proposes a modelling framework to characterise permanent deformation in
asphalt concrete materials whose replicates are prepared using the Marshall compaction
technique. In this relation, the models that are generally used are the viscoelastic and
viscoplastic models. However, the viscoelastic modelling framework requires linear
viscoelastic characterisation. The linear viscoelastic behaviour is not observed under the
experimental conditions adopted in this study. In addition, viscoplastic models are not
readily applicable under the loading conditions assumed in this study. Thus, the
permanent strain is decomposed into creep and the viscoelastic strain components. The
former component is characterised using the Kachanov-Rabotnov modelling framework
using static creep tests, and the latter component is modelled using the differential
equation form of viscoelasticity by adopting the state space approach using the dynamic
creep test results. Further, upon replication, significant stochasticity is observed in the
mechanical responses of the replicates due to the uncertainty in the specimen preparation
method, test protocols and optimisation techniques. There exist methodologies to
characterise this replicate stochasticity. However, these methods adopt the classical
theory of probability. The classical probability theory is based on the law of large
numbers and requires testing a significant number of samples under identical conditions.
This requirement is because of the distinction between sample and population. The
sample requirement to characterise a population is very high. Thus, Bayesian inference
is adopted in this study to characterise the replicate stochasticity. A Bayesian model
considers the distribution parameters to be stochastic, and it updates them with additional
data. The stochastic characterisation is carried out in two conditions. In the first
condition, the model parameters are considered stochastic and in the second, stochasticity
in observed mechanical responses is considered directly. It was found that when
stochasticity in model parameters is considered, the variation in model output is sensitive
to variation in one or more model parameters. However, it can characterise the expected
behaviours accurately. On the other hand, when stochasticity in model parameters is
considered, the data requirement is extensive.

Keywords: Asphalt concrete, permanent deformation, modelling, static and dynamic
creep tests, replicate stochasticity, Bayesian inference
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