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Preface

This is a simple book.

This book is about pavement analysis. A pavement is a multi-
layered structure, made of a number of layers placed one over
the other. These layers can be made of asphaltic material, cement
concrete, bound or unbound stone aggregates, etc. These materials
show complex mechanical response with the variation of stress,
time, or temperature. Thus, understanding the performance of an
in-service pavement structure subjected to vehicular loading and
environmental variations is a difficult task.

However, this is a simple book. This book presents a step-by-step
formulation for analyses of load and thermal stresses of ideal-
ized pavement structures. Some of these idealizations involve as-
sumptions of the material being linear, elastic, homogeneous and
isotropic: the load being static; the thermal profile being linear
and so on.

Significant research has been done on analysis and design of pave-
ments during the last half-century (some of the fundamental devel-
opments are, however. more than hundred years old) and a large
number of research publications are already available. However,
there is a need for the basic formulations to be systematically
compiled and put together in one place. Hence this book. It is
believed that such a compilation will provide an exposure to the
basic approaches used in pavement analyses and subsequently help

xxiil



XXiv Preface

the readers formulate their own research or field problems-—more
diffienlt than those dealt with in this book.

The idea of this book originated when I initiated a post-graduate
course on Characterization of Pavement Materials and Analysis
of Pavements at II'T Kanpur. This course was introduced in 2007:
that was the time we were revising the post-graduate course struc-
ture in our department. I must thank my colleague Dr. Partha
Chakroborty for suggesting at that time that the Transportation
Engineering program at II'T Kanpur should have a pavement en-
gineering course with more analysis content. I also should thank
him for his constant encouragement during the entire process of
preparing this manuscript. One of our graduate students, Priyvanka
Khan, typed out portions of my lectures as class-notes. Those ini-
tial pages helped me to overcome the inertia of getting started to
write this book. That is how it began.

This book has eight chapters. The first chapter introduces the sign
convention followed in the book and mentions some of the basic
solid mechanics formulations used in the subsequent chapters. The
second chapter deals with the material characterization of various
pavement materials. It introduces simple rheological models for as-
phaltic material. Beams and plates on elastic foundations are dealt
with in the third chapter—these formulations form the basis of
analysis of concrete pavement slabs due to load. The fourth chap-
ter covers the thermal stress in conerete pavement, and it provides
formulations for axial and bending stresses due to full and partial
restraint conditions. The fifth chapter starts with the analysis of
elastic half-space, and enlarges it to an analysis of multi-lavered
structure. A formulation for thermo-rheological analysis of asphalt
pavement is presented in the sixth chapter. The seventh chapter
discusses the pavement design principles where pavement analyses
results are used. Finally, the last chapter discusses some miscel-
laneous topics which include analysis of a beam /plate resting on
elastic hall-space, analysis of dynamic loading conditions, analysis
of composite pavement, reliability issues in pavement design. and
the inverse problems in pavement engineering.



Preface XXV

Since this book provides an overview of basic approaches for pave-
ment analysis, rigorous derivations for complex situations have
been deliberately skipped. However, references are provided in
appropriate contexts for readers who want to explore further. I
must place a disclaimer that those references are not necessarily
the only and the best reading material, but they are just a repre-
sentative few.

A number of my former and present students have contributed to
the development of this book. They have asked me questions inside
the classroom and outside. Discussions with some of them were
quite useful, while others helped me to cross-check a few deriva-
tions. Dr. Pabitra Rajbongshi, Sudhir N. Varma, Vivek Agarwal,
Pranamesh Chakraborty, Syed Abu Rehan, and Vishal Katariya
are some of these students. I must also thank my former colleague,
Dr. Ashwini Kumar, for the useful discussions with him on plate
theories. 1 also thank all the people with whom I have interacted
professionally from time to time for discussing various issues re-
lated to pavement engineering. I want to thank all the authors of
numerous papers, books and other documents whose works have
been referred to in this book.

[ am most grateful to my parents for their care and thought in-
volved in my education. I thank my father, Dr. Kali Charan Das,
for teaching me formulations in physics using first principles. I
thank my Ph.D. supervisor Dr. B. B. Pandey for training me as a
researcher in pavement engineering. 1 also wish to thank my col-
leagues for the encouragement, and my Institute, [IT Kanpur, for
providing an excellent academic ambiance.

I thank CRC Press and Taylor & Francis staff members, espe-
cially Dr. Gangandeep Singh and Joselyn Banks-Kyle for remain-
ing in touch with me during the development of the manuscript
and Karen Simon during the production process. I must thank my
family members for bearing with me, and especially my daughter
Anwesha for sacrificing her bedtime stories for months, while I was
finalizing the manuscript.



XXvi Preface

Care has been taken as far as possible to check for editorial mis-
takes. If, however, you find any, or wish to provide vour feedback
on this book please drop me an e-mail at adas@iitk.ac.in.

This book now must go for printing.

Animesh Das
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