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ABSTRACT
Traditionally, pavement design has been based on empirical observations and extrapolations from the AASHTO road test
from the 1950s. However, due to changing materials, loadings and highway needs, these observations and extrapolations
become more and more obsolete in the current design method. The forthcoming design guide under development in
NCHRP Project 1-37A introduces a new mechanistic-empirical (M-E) pavement design method. M-E design uses basic
engineering mechanics as well as performance observations to create functions that should more accurately predict the
distress of a pavement structure over its design life. When any new design method is developed there is a need to
compare the new approach with the existing practice. Pavement design is moving from empirical methods to mechanistic
empirical methods, such as the Mechanistic-Empirical Pavement Design Guide (MEPDG). Since it is a more
complicated design and modelling tool, it is necessary to conduct a risk analysis of the new system. Moreover, it is well
accepted that uncertainty and risk (i.e. the variation of materials, forecasting of future traffic) should be understood and
considered in pavement design. Historically pavement designs have been based on an engineering analysis where the
pavement thickness and features are chosen to meet the traffic, environmental, and subgrade conditions for the project.
For concrete pavements, this means that the pavement is typically designed to last the entire design period (e.g. 20 to 40-
years) without intermittent rehabilitation activities. Asphalt pavements on the other hand are designed with planned
periodic future rehabilitation activities in mind. In these research papers they considered the design process as a system
and investigates the risk and uncertainty in the system using the Hierarchical Holographic Modelling (HHM) and the
Analytical Hierarchy Process (AHP). Different parameters were compared and ranked to find critical factors influencing
the success of flexible pavement design.  A model was developed to optimize concrete pavement designs by balancing the
initial costs of the pavement, which is primarily affected by the thickness and specific design features used, and the
rehabilitation costs of the pavement based on the pavement’s predicated performance using the recently adopted
American Association of Highway and Transportation Officials (AASHTO) Mechanistic Empirical Pavement Design
Guide (MEPDG) and its companion software, DARW in-ME. Typical structural packages obtained using various design
methodologies were evaluated, and the mechanistic responses (stresses and strains) of typical composite pavements were
contrasted with that of a comparable flexible pavement. Fatigue and rutting models are used to further study the
behaviour of the composite pavements present in terms of these distresses. The results suggested that composite
pavement structures can provide a long-lasting and effective alternative for roadways carrying very heavy traffic.
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INTRODUCTION
Mechanics is the science of motion and the action of forces on bodies. Thus, a mechanistic approach seeks to
explain phenomena only by reference to physical causes. In pavement design, the phenomena are the stresses,
strains and deflections within a pavement structure, and the physical causes are the loads and material
properties of the pavement structure. The relationship between these phenomena and their physical causes is
typically described using a mathematical model.

Along with this mechanistic approach, empirical elements are used when defining what value of the calculated
stresses, strains and deflections result in pavement failure. The relationship between physical phenomena and
pavement failure is described by empirically derived equations that compute the number of loading cycles to
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failure.The goal of the Mechanistic-Empirical Pavement Design Guide (MEPDG) is to identify the physical
causes of stresses in pavement structures and calibrate them with observed pavement performance. These two
elements define this approach to pavement design: the focus on physical causes is the “mechanistic” part, and
using observed performance to determine relationships is the “empirical” part.
The MEPDG is designed to update the 1993 AASHTO Guide for Design of Pavement Structures, which is
primarily based on empirical observations from the AASHO Road Test that began in the 1950s. By using
newer data collected as part of the Long-Term Pavement Performance (LTPP) program, the MEPDG allows
for design inferences that would be harder to justify from the limited designs and traffic levels covered by the
Road Test. In conjunction with the MEPDG research project, software was also developed to assist in
organizing and performing these design calculations.One of the significant changes with the MEPDG is that
the approach to pavement design is effectively reversed. In conventional design methods, various inputs are
considered and used to produce the design requirements for the pavement structure. In mechanistic-empirical
design, the design of the pavement structure is initially assumed on a trial basis, along with inputs for traffic
and climate. MEPDG software can compute how the trial design will respond to the load and environmental
stresses created by these inputs. This leads to an estimate of the level of damage the pavement will sustain
over time, in terms of distresses and deterioration in ride quality.

At this point, there are two design questions that need to be considered. The first question can be stated as,
“Does the predicted performance of the pavement satisfy criteria for the design, such as the desired service
life of the pavement, based on the level of distress and potential maintenance and rehabilitation needs?” The
second question is, “Are there reasonable alternatives to the initial design assumptions that could generate
better predicted performance or lower life cycle costs?”
The agency that owns the pavement will typically have specified criteria that can be used to answer the first
question. Or, it may be a matter of whether, in the judgment of the design engineer, the predicted level of
performance is acceptable. If the trial design is acceptable, it should be retained as an option for the final
pavement design. If it is not acceptable, the design process will obviously need to move on and consider
alternatives.

It is also important to tackle the second question even if the initial design assumptions appear satisfactory.
This is a reminder that fundamentally, mechanistic-empirical design is an iterative process. Evaluating
alternatives helps increase confidence that the pavement design that is ultimately selected is optimal for the
circumstances. When the trial design is satisfactory, its assumptions may not need to be changed as
dramatically for comparison with potential alternatives, but some tweaks should still be tried to see if they
improve the predicted performance. In using the MEPDG to design pavements, making these comparisons
will give you a better sense of what factors have the most impact in a given situation.

In mechanistic approach of pavement design, design is done with the help of mathematical models.
Mechanistic models are used to mathematically model pavement physics. There are different types of models
available today (e.g., dynamic, viscoelastic models) but we will talk about, The Finite Elements Model
(FEM). Because this model can easily be run on personal computer and only require data that can be
realistically obtained.

OBJECTIVES
The objectives of the present study are as follows:

 To optimize the design of Rigid pavements.
 To minimize the uncertainty in the design of rigid pavements with the help of mechanistic-empirical
design process.
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LITERATURE REVIEW
Kevin D. Hall, Danny X. Xiao, Edward A. Pohl and Kelvin CP Wang analysed the risk involved Mechanistic-
Empirical pavement design methods. Since M-E design is a more complicated design and modelling tool, it
was necessary to analyse the risk associated with the new system. Different from conventional sensitivity
analysis on design software, they considered the design process as a system and investigated the risk and
uncertainty in the system using Hierarchical Holographic Modelling (HHM) and The Analytical Hierarchy
Process (AHP). 72 parameters were compared and ranked to find critical factors influencing the success of
flexible pavement design.

David H. Timm, Ph D, P.E. (Associate member) compared the existing AASHTO method of rigid pavement
with the newly introduced Mechanistic-Empirical Pavement Design Guide (MEPDG) method. When any new
design method is developed there is a need to compare the new approach with the existing practice. The
design comparisons were executed for 125 different sets of conditions and it was found that slab thickness
from new design approach were typically 9% thinner than the pavement designed by existing approach.

James W. Mack, PE and Corey J. Zollinger, PE developed optimized concrete pavement design using the
DARWin-ME/MEPDG and cost analysis. They presented a model to optimize concrete pavement design by
balancing the initial costs of the pavement, which is primarily affected by the thickness and specific design
features used and the rehabilitation costs of the pavement based on the pavement predicted performance using
the recently adopted AASHTO Mechanistic-Empirical Pavement Design Guide and its companion software
DARWin-ME. Using the process given in this paper, it is possible to develop optimized concrete pavements
that have lower initial costs and lower life cycle cost than traditional concrete designs.

Syed W. Haider, Wouter C. Brink, Neeraj Buch and Karim Chatti researched on the issues Related to
Pavement Rehabilitation Design Options in the New Mechanistic- Empirical Pavement Design Guide. They
encountered several issues while executing the DARWin-ME rehabilitation options. These concerns were
related to structural and material characterization of the existing pavement conditions. More specifically, the
issues were related to: (a) characterizing the existing PCC pavement structure for unbonded overlays, (b)
modelling of the HMA interlayer for unbonded overlays, (c) using back calculated subgrade MR, and (d)
utilizing Falling Weigh Deflectometer (FWD) testing. This paper documents the above mentioned issues and
their impacts on pavement performance. Moreover, remedies are discussed to ensure reliable and accurate
results by using the DARWin-ME overlay options.

HalilCeylan, Brian Coree, and Kasthurirangan Gopalakrishnan designed rigid pavements in Iowa using the
Mechanistic-Empirical pavement design guide. At that time Iowa Department of transportation was using
AASHTO method for pavement designs which was derived from the 1960 Road Test Data. But with the
release of the new Mechanistic-Empirical Pavement Design Guide (MEPDG) in the USA, there was a big
shift in pavement analysis and design. In support of the MEPDG implementation initiatives, sensitivity studies
were conducted using the MEPDG software to identify design inputs pertaining to both rigid pavements and
flexible pavements that are of particular sensitivity in Iowa.

Jacob Hiller, and Jeffery Roeslercompared the critical tensile stress near the transverse joint with the critical
tensile stress at the midslab edge (relative reference stress) for California-type jointed plain concrete
pavements. Traditionally, the critical tensile stress developed by loads at the midslab edge has been used as a
mechanistic parameter to determine the required thickness in jointed concrete pavements. But this study
showed that transverse joint loads were more significant in critical stress calculations for a considerable
number of input parameters. The likelihood of critical slab stresses near the transverse joint was considerably
increased with the use of negative temperature gradients and extended lane widths.

Michael Darter, Lev Khazanovich, Tom Yu, and Jag Mallela evaluated, along with the definition of reliability
within the context of the M-E PDG, two more reliability analysis approaches considered for incorporation into
the design procedure for evaluating the reliability of the rigid pavement design for cracking and faulting. A
Monte Carlo-based simulation was combined with the damage accumulation procedure for rigid pavement
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distress prediction. This approach is recommended for future improvements of the procedure. It was
demonstrated that although the adopted approach in MEPDG is not as sophisticated as a Monte Carlo-based
one, it still represents a step forward compared with AASHTO-93 reliability analysis.

AlperGuclu, HalilCeylan, Kasthurirangan Gopalakrishnan, and Sunghwan Kim evaluated the effect of
MEPDG input parameters on the rigid pavement performance using the different versions of the MEPDG
software (0.7, 0.9, and 1.0) available to date. Representative JPCP and CRCP sections in Iowa were selected
for analysis. Based on the sensitivity plots obtained from the MEPDG runs, the design input parameters were
categorized as being most sensitive, moderately sensitive, or least sensitive in terms of their relative effect on
distresses. It was observed that the curl/warp effective temperature difference, the PCC coefficient of thermal
expansion, and PCC thermal conductivity had the greatest impact on the JPCP and CRCP distresses. It was
also observed that compared to the original version of MEPDG software (Version 0.7), the updated versions
(Versions 0.9 and 1.0) are more sensitive to inputs.

J.Mulandi, T. Khanum, M. Hossain, M.ASCE, and Greg Schieber compared the pavement design methods
using AASHTO 1993 and NCHRP Mechanistic Empirical Pavement Design Guide. The objective of this
study was to compare the pavement designs obtained using the 1993 AASHTO and the new MEPDG methods
for typical Portland Cement Concrete (PCC) and Asphalt Concrete (AC) pavements in Kansas. Five in-service
Jointed Plain Concrete Pavement (JPCP) projects were reanalysed as equivalent JPCP and AC projects using
both approaches. The results showed that the new MEPDG analysis yielded thinner Asphalt Concrete sections
for all projects than those obtained from the 1993 AASHTO design guide analysis. Four of the PCC sections,
designed using the 1993 AASHTO design guide, were thicker than the sections obtained with MEPDG. The
MEPDG analysis resulted in the same PCC slab thickness for the fifth project.

METHODOLOGY
The steps for this research work are as follows:

1. Selection of site: As we know different sites have different traffic conditions. Therefore, a particular
stretch in Chandigarh will be selected for this study.

Select number of
layers

Wheel load and tyre
pressure provided

Number of points for
stress computation are
given

Analysis of wheel load
Output in terms of stress,
strain and deflection at
desired points
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2. Data collection: Data required as input for both IRC method and MEPDG method of rigid pavement
design will be collected on the selected stretch.
Following data will be collected from he selected site:
 CBR of the subgrade-for resilient modulus
 Traffic Volume- No. of vehicles/day
 Axle Load Survey-for axle load distribution
3. Analysis of data:
The data collected from the site will be analysed as follows:
 Categorise the axle loads- Single wheel, Single wheel axle, Dual wheel axle, Single wheel tandem,
Dual wheel tandem and Multi-wheel axle.
 Prepare axle load class.
4. Design: Using collected and analysed data in IIT-Pave software Stress, Strain and Deflection in the
pavement will be obtained for the collected data. Then design of the rigid pavement will be done using both
IRC and MEPD methods with software . Then the results will be compared.

CONCLUSION
From the above review study it can be concluded that by Mechanistic-Empirical approach uncertainty in the
pavement design reduces considerably. By using basic engineering mechanics of M-E design we can create
functions that should more accurately predict the distress of a pavement structure over its design life.
AASHTO has given DARW in-ME software which designs the pavement by using the guidelines of
Mechanistic-Empirical Design Guide developed in NCHRP Project 1-37A. By using this software we can
design rigid pavements more precisely and can get better results.
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