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ABSTRACT

The design of pavements is usually done following a deterministic process by
ignoring the uncertainties associated with the various input variables. The
consequences of not considering these uncertainties in the pavement design process
are quite serious and have been reported to be one of the main reasons for the failure
of pavements. The application of reliability concepts for the probabilistic analysis of
pavements provides a rational approach for incorporating and analyzing these
uncertainties in the pavement design process. In this thesis, reliability concepts have
been applied for designing safe and reliable pavements. Two different types of
pavement structures have been analyzed in the thesis, viz. conventional granular
pavements and cementitious stabilized pavements. Ready-made design charts have
been proposed for varying combinations of subgrade CBR and design traffic levels,
such that these can be readily used by the field engineers, thereby avoiding the
involved mathematical complexity.

The conventional granular pavements have been analyzed as three-layered pavement
structures with two distinct failure modes of fatigue and rutting. The estimation of
critical strains for fatigue and rutting failures has been done through the use of
Artificial Neural Networks (ANNSs) based surrogate models. First Order Reliability
Method (FORM) was employed for the reliability estimation of pavement sections. It
has been concluded that the thicknesses given in the current Indian specifications
(IRC:37 2018) don’t meet the specified reliability criteria for both fatigue and rutting
reliability. Reliability based design charts based on the concept of Optimal Point have
been proposed for the conventional granular pavements. These charts have been
proposed for the traffic levels of 5 msa to 50 msa and CBR ranging from 5 % to 10 %.

The reliability analysis was also carried out for the cementitious stabilized pavements.
iii



Such pavements have been analyzed as five-layered structure. Ready-made charts
have been proposed for such pavements for traffic levels of 30 msa to 50 msa. These
charts are expected to help the field engineers in designing safe and reliable
pavements considering the specified uncertainty in the input parameters.

System reliability concept was applied to the conventional granular pavements to
consider the possible correlation between the two failure modes of fatigue and rutting.
It has been estimated that the correlation coefficient between the two failure modes
was between 0.3672 to 0.6344 for the proposed optimal sections for varying traffic
and CBR values. Based on the rankings obtained from the sensitivity analysis of the
input parameters, it was concluded that bituminous layer thickness is the most
significant parameter affecting the reliability of both the conventional granular and
cementitious stabilized pavement. This indicates that stringent quality control must be
ensured during the construction of bituminous layer to ensure enhanced performance

of the pavement.
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