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INTRODUCTION

Among the various disciplines of study in civil engineering, the study of pavement engineering is
comparatively young although different forms of roads have been used by human being for
thousands of years. In the beginning of this century, transportation of people and goods was
mainly by either by rail or horse-drawn vehicles, and urban populations were concentrated to limited
areas due to the lack of mobility.

The overall picture of land transport began a rapid process of change after 1920 when
dependable automobiles gain wider and wider acceptance. The demand for reliable all-weather
road surface to accommodate high-speed motor-vehicle travel has called for a rational engineering
design procedure and new technology in pavement construction. This has led to a number of
large scale test-road experiments in Europe and North America. The most well-known of all, and
by far the most significant in terms of the impacts on pavement design and construction practices
around the world, is undoubtedly the AASHO Road Test conducted in llinois, USA in the Ilate
1950s. The AASHTO Interim Design Guide was published in 1961 based on the findings of the
AASHO Road Test.

There have been considerable technological advancements in pavement engineering since the
1960s. This presentation reviews the major developments in pavement design, pavement evaluation
and pavement management in the last 30 years or so, and identifies some important issues in
these areas to be addressed in the 21st century.

PAVEMENT DESIGN --
TOWARDS MECHANISTIC BASED DESIGN PROCEDURES
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Need for Mechanistic Design Method

Mechanistic design methods are procedures with the ability to relate the analytical computation of
pavement response, based on fundamental engineering properties of materials determined in the
laboratory, to the in-service performance of actual pavements. Compared with the design procedures
of other civil engineering structures such as buildings, bridges, and structural foundations, the
design methods of pavement structures have not advanced to the same level of sophistication in
terms of links between the foliowing aspects: (a) design analysis, (b) material properties by
laboratory tests, and (c) in-service material behavior and pavement performance.

The major pavement design methods in use today have been established based on the
performance of a wide range of experimental pavements measured from either full-scale road tests
under controlied loading conditions or in-service road sections under actual traffic loading. The
general approach has been to interpret the observed performance using theoretically computed
stresses and strain within the pavement layers. Representatives of this design approach include
the design procedures by AASHTO [1993] and TRRL [Poweli et al. 1984] for flexible pavements,
and the AASHTO [1993] and PCA [1984] procedures for rigid pavements.

The need and significance for adopting a mechanistic design concept in pavement design is well
understood and accepted by pavement professionals and researchers in general. Considerable
efforts have been made by researchers over the years to develop theoretical models and test
procedures to improve the rigor of pavement analysis and design, and admittedly much progress
has been achieved in this direction. For example, the theories developed by Westergaard [1926,
1927 and 1939] and Bradbury [1938] in the 1920s and 1930s have been used widely in concrete
pavement design. The development of multi-layered elastic theories [Burmister 1945, Peutz et al.
1968] has made it convenient to analyze stresses, strain and deflections in flexible pavements
under traffic loads. A major development in the direction of mechanistic design of pavement is
made in the SHRP program of USA initiated in 1987. However, in spite of the tremendous
research efforts so far, the curmrent state-of-the-at knowledge and understanding of the three
aspects identified in the first paragraph of this section is still inadequate to provide a
comprehensive mechanistic design framework.

Limitations of Current Approaches

A review of the limitations of the current approaches can be made in the following three aspects
identified earlier: (a) design analysis, (b) material properties by laboratory tests, and (c) in-service
material behavior and pavement performance.

Design Analysis

Multi-layered elastic analysis and finite element methods have been widely used nowadays to
compute pavement stresses, strains and deflections for design purpose. Static linear elastic
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analysis has been the most widely used method so far due mainly to its comparative simplicity and
easy availability of its computer software. This is so despite the long established understanding in
pavement engineering that the materials of asphalt pavements and the subgrade soils are nonlinear
in their response under the normal range of traffic loading.

The elastic moduli of pavement materials, including asphaltic mixtures, granular base and
subbase materials, and the cohesionless or cohesive subgrade soils are known to be nonlinear
functions of applied loads. The magnitudes of elastic moduli (often measured in terms of resilient
moduli from repeated load tests) of these materials vary with the confining pressure and deviator
stress. These behavior cannot be correctly modeled using the linear elastic analysis. The properties
of asphaltic mixtures are also known to be temperature and loading-time dependent. The fact that
the stiffness and compressive strength of asphallic materials are affected by the state of stress
developed under load is often ignored.

There is also the issue of the mode of load application. Static load analysis is commonly used
today for pavement design. This is applicable for the design of pavements for car parks, aircraft
parking apron and harbor and storage yard. However, for most highway pavements where moving
traffic loads are the norm, a much more appropriate analysis would be one that is based on
dynamic or moving load models. Studies are required to incorporate the effects of vertical dynamic
loads caused by tire-pavement interaction.

The various aspects discussed in the preceding paragraphs have been the topics of on-going
work by pavement researchers. For example, the Superpave Level 3 asphaltic mix design
procedure [SHRP 1994] has considered the nonlinear elastic properties of asphalt mixtures, although
the primary response model is a static analysis based on a two-dimensional axi-symmetric finite
element program. An analytical tool that appears to have a strong potential to offer further
improvement in the structural analysis of pavement is three-dimensional nonlinear finite element
analysis. A number of nonlinear 3-D finite element programs have been in use in the field of
structural engineering in the 1980s. These programs have the capability to analyze different modes
of load application, including static, steady-state dynamic, impact and moving loads. As one of the
most critical design considerations is the effect of edge loading, the 3-D modeling capability is a
useful necessity as it removes the limitation of many current axi-symmetric or two-dimensional
analysis that are unable to study correctly the effects of pavement edges and joints.

In the analysis of rigid pavements, the solutions by Westergaard [1926. 1927] have been used
widely although they were derived based on the assumption of infinite slab. To consider the
geometric configuration of concrete pavements exactly, several numerical models [Chou 1981,
Huang 1983] have been developed. However, all these models, either analytical or numerical, were
developed in terms of thin-plate theory and conventional subgrade models represented by either
Winkler foundation or elastic solid foundation. Improvements to these models can be made in
these areas: the use of thick-plate model and more advanced subgrade representation. Recently,
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Shi et al. [1993, 1998] have developed thick-plate models for single- and three-slab analytical
solutions for rigid pavements supported on Pasternak foundation. However, the solutions are
restrictive in terms of the conditions of joints that can be considered.

Test Procedures for Material Properties

An important related issue is that appropriate test methods must be developed to determine the
parameter values of the properties for the material models that are required for nonlinear analysis.
Historically this has been a hurdle to the adoption of sophisticated analytical methods in pavement
design and analysis. For instance, although resilient modulus has been used in the development of
the AASHTO and Asphalt Institute design procedures, few highway laboratories are equipped to
perform the test for subgrade soil and base materials. The material property parameters associated
with nonlinear models involved elaborate laboratory test methods. The expertise required to
perform such tests and the equipment required are currently available only in selected research
laboratories. Major research and development efforts are required to establish practical laboratory
test procedures for the determination of the material parameters before the nonlinear analysis could
be applied effectively for pavement design.

The conventional test procedures for asphaltic binder, such as the penetration test, ring-and-ball
softening point test and the Saybolt-Fural viscosity test do not provide fundamentai engineering
properties that can be used in the design analysis. SHRP program in the USA has made a
significant contribution by introducing a performance-based asphalt mix design specification in the
early 1990s [SHRP 1994]. A complete SHRP Superpave mix design analysis involving Shear
Tester and Indirect Tensile Device would add about four weeks to the total testing time for an
asphalt mixture {May et al. 1997]. The validity of these new tests and analysis systems is
currently being subjected to further laboratory evaluation and field verification. For example, May et
al. [1995] has inconsistent trends with several of the Superpave property parameters and suggested
the current Superpave mix analysis be used only for research purpose pending additional
investigations and modifications.

In-Service Performance

It is an important requirement for a pavement engineer to know the expected time-history of
pavement performance during its service life. This is unique in pavement engineering because a
typical pavement of a major road is used by thousands of motorists daily, and the level of service
provided by the pavement is judged by these motorists everyday of its service life. To the
pavement engineer, knowledge of the expected pavement performance is needed for pavement
maintenance planning and pavement management decision making. Mechanistic pavement design
is especially useful in these regards as such information could theoretically be derived once the
loading conditions are known.



One of the biggest challenges in pavement design is therefore to develop material response
models that closely describe the behavior of pavement materials during service. This has been a
major research issue since many field service conditions cannot be easily replicated in a laboratory
test environment. Factors which are not possible to simulate fully in laboratory tests include the
following: (a) mixed-traffic loading; (b) effect of mixed loading times and rest periods; (c) local
climatic conditions; (d) time-temperature dependency; and (e) development interaction of different
distress types.

Besides the inadequacy of laboratory tests and material performance models, there are also the
inherent variability pavement material properties and the lack of accurate assessment of traffic loads
and environmental factors, prediction of material behavior and pavement performance cannot be
predicted precisely. Probabilistic approach and the concept of reliability will have to be applied.

The common predictive pavement distress models used in the mechanistic design approach
include fatigue cracking, rutting, and low temperature cracking. These are the distress models
included in the SHRP Level 3 mix design. The common approach adopted in establishing the
fatigue cracking and the low temperature cracking models has been based on crack initiation and
crack propagation theories, with material parameters determined from laboratory repeated load tests
conducted at selected temperatures. Rutting models are also usually developed using parameters
derived from laboratory repeated load testing. The model parameters in these models are obtained
directly from mechanical testing with no apparent link to properties of mix design. Further research
work may be needed in this area to develop an integrated mix design and response prediction
framework.

A desirable element of pavement performance assessment is the pavement roughness.
Pavement roughness is closely correlated with the pavement serviceability concept introduced at the
AASHO Road Test. It has been a useful indicator for pavement rideability as assessed by
common motorists. The widely used AASHTO serviceability equations for rigid and flexible
pavement design were empirically derived from the results of the AASHO Road Test. Several
attempts have been made by researchers to relate pavement serviceability performance to stresses
and strains generated by traffic loads. These include the work by Ullidtz et al. [1987] that relies
on an analytical-empirical method for predicting pavement serviceability. A fully mechanistic model
for the prediction of pavement serviceability under the action of traffic loading will be an essential
element for a complete pavement design and pavement management system.

PAVEMENT EVALUATION --
TOWARDS INTELLIGENT HIGH-SPEED NONDESTRUCTIVE TESTING

Pavement evaluation 1s an integral element of pavement maintenance and rehabilitation planning.
There are two major aspects of pavement evaluation: (@) pavement distress survey and evaluation,
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and (b) structural evaluation. The following are major considerations governing the conduct of
pavement evaluation:
- Nondestructive testing is preferable to avoid unnecessary destruction to pavement structure;
- Disruption to traffic should be kept to a minimum; test methods that cause no disruption to
traffic should be used if available;
- Speed of testing should be sufficiently high to cover a road network of typical size within a
practical timeframe to meet operational requirements;
- Evaluation of test results should be accurate, reliable and based on mechanistic analysis;
- Processing and evaluation of test results should be time efficient to meet operational
requirements.

An assessment of current evaluation techniques and future needs of pavement evaluation
technology is presented in this section with respect to these major considerations.

Pavement Distress Survey and Evaluation

Pavement distress survey is regularly carried out by highway authorities to obtain the necessary
information for maintenance operations. The automation of the distress survey, identification and
analysis of distresses has attracted much attention due to the potential benefits of speedy survey,
and efficiency of data collection and processing. Considerable progress has been made in
equipment development to conduct high speed automated pavement distress survey. This is
desirable as automated survey conducted at the prevailing traffic speed does not obstruct traffic,
provides systematic recording and processing of survey data, and eliminates uncertainties involved
with subjective judgement by manual survey. Currently, commercially available distress survey
equipment is able to perform at normal traffic speed non-contact measurements of the longitudinal
surface roughness, lateral surface profiles and hence rut depths, and surface depressions.

Surface defects such as cracks, bleeding, stripping and other surface deterioration can be
captured by color video recording of actual road surface images. Automated image processing
technology has been developed to interpret the recorded images. Distress feature information such
as the type, location, severity and extent of distresses, and the length and width of cracks, as well
as the percent area cracked can be determined.

Pavement crack is a major distress type of concern to pavement engineers. With the advent of
digital image processing technology, it is now possible to distinguish cracked surface automatically
from the normal uncracked pavement surface. For the purpose of pavement maintenance, it is
necessary to identify the pattern of cracks for further classification of the crack type. Expert
systems have been employed to perform such classification. The main feature of cracks that
cannot be obtained reliably from image processing technique is the depth of cracks. New
techniques are needed to acquire this useful information as part of the output of automated distress
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survey.

Practically all existing distress rating systems have in their evaluation assigned severity
assessments to different distresses identified. However, such severity ratings are usually assigned
based on subjective judgement without making references to the original design of the pavement
concerned.  While this is acceptable for short-term maintenance planning, it is not entirely
satisfactory as the link between such ratings and the original design philosophy is missing. It has
not been possible to establish this link if the pavement is designed based on an empirical method.
With the use of mechanistic design approach, such link would be desirable and should be
established. With the rapid progress of information and computer technologies, this form of linkage
at the entire road network level would be possible in the not too distant future. This will help to
integrate the entire process of pavement design, evaluation and maintenance.

The reliance of subjective experience and empirically based methods like expert systems is
expected to be gradually giving way to analytically derived assessment and rating based on
mechanistic evaluation of the distress conditions. This has not been possible currently due to the
limitations of the knowledge presently available in the development and deterioration process of
various pavement distress types. Better understanding of this process and the ability to model the
process mechanistically are necessary before it is possible to assess and evaluate pavement
distress conditions based on sound engineering analysis.

Nondestructive Testing of Pavement

The concept of nondestructive structural evaluation of pavement can be traced to the use of
plate-loading test and the development of the well-known Benkeiman Beam in the 1950s. The idea
of relying on measured pavement surface deflections under a known applied load for structural
evaluation of pavement has been the dominant approach since the 1950s. The main application of
nondestructive deflection measurements in the early days was for the purpose of pavement overlay
design [California Department of Highways 1972, Asphalt Institute 1981]. This form of
nondestructive surface deflection test assumed increased importance in the early 1970s when the
concept of pavement management systems (PMS) was introduced and as the need for PMS
became increasingly accepted by the highway authorities and pavement professionals worldwide.

The type of nondestructive deflection measuring equipment has gone through a number of
transformations and is becoming more and more sophisticated. Automated versions of Benkelman
Beam test were available in the 1960s, the California Travelling Deflectometer and the French La
Croix Deflectograph [Kennedy et al. 1978] were representatives of this generation of deflection test
equipment. By the mid 1970s, the demand for speedy and higher productivity test equipment as
necessitated by introduction of PMS had led to the development of steady-state vibratory testers
such as the Dynaflect and Road Rater [Smith and Lytton 1985]. By the late 1980s, falling weight
deflectometers (FWD) were gaining popularity and increasing acceptance by pavement researchers
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and professionals due to their better representation of traffic loading. However, FWD as a
nondestructive test equipment is not entirely satisfactory in two aspects: (i) the mode of loading is
different from actual traffic loading, and (i) the overall speed of travel during testing is very much
lower than normal traffic.

Two technologically more advanced versions of deflection testing equipment are currently being
explored by researchers. One is the Rolling Weight Deflectometer (RWD) [Briggs et al. 1999} and
a laser based High Speed Deflectograph [Hildebrand et al. 1999]. RWD is a trailer mounted
device that continuously measures the maximum pavement deflection under a load wheel under a
moving condition. Currently the device could perform deflection measurements at a maximum
speed of 6 mph with loads up to 50,000 Ibs, or up to 20 mph under a 9000 Ib wheel load. A
version with an operating speed of 50 mph is being developed. The High Speed Deflectograph is
being developed to perform continuous deflection measurements at all driving speeds in the range
of 20-70 km/h. Both devices possess the potential to replace the FWD in the foreseeable future
as the tool for conducting pavement deflection measurements at normal traffic speeds.

Structural Evaluation Techniques

The development history of test equipment reflects the advancement of the state-of-the-art of
nondestructive pavement evaluation techniques. More and more advanced backcalculation
techniques have been developed to estimate pavement material properties from deflection
measurements. Initially, semi-mechanistic methods based on the magnitudes of surface deflections
and shapes of deflection bowls have been used [Wang et al. 1978]. Such methods, however, do
not provide enough information on the structural properties of the materials for modern-day
pavement management systems. Backcalculation is an inverse problem which is typically poorly
conditioned and the solution is sensitive to small changes in the measured surface deflections.
There is also the nonuniqueness of solutions that makes the problem a complicated one. The
selection of appropriate initial seed values of the unknown pavement material parameters is an
important aspect of the backcalculation analysis.

The formulation of the backcalculation problem consists of four major components: (a) surface
loading model, (b) materials model, (c) pavement response model, and (d) back-analysis model.

Surface Loading Models

The applied load can be may be modelled as a static load, a moving load, a vibratory load, or
an impulse load. Most backcaicluation algorithms in use in practice employ the static load model.
Moving load or dynamic load modelling are much more complex requiring considerable more
formulation and computational effort. The use of the dynamic loading model permits the deflection
time history of each deflection sensor of the FWD deflection test to be considered. More data
points are now available from a single test, thereby increasing the reliability of the backcalculated
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material properties considerably. In view of the expected development of moving-load deflection
testing equipment such as the Rolling Weight Deflectometer and the High Speed Deflectograph,
backcalculation algorithms based on moving-toad model would be appropriate.

Material Models

The majority of the common backcalculation algorithms used in practice assume linear elastic
pavement materials. These are approximations for most pavement materials. Granular base and
subbase materials are stress-dependent and hence are nonlinear in their response under load. The
behavior of subgrade materials, either sandy or clayey, is also known to be stress-dependent and
nonlinear. The modulus of a sandy subgrade will increase with depth under the action of the
overburden, while that of a clayey subgrade will increase as horizontal distance from the load
increases or as the deviator stress decreases. On the other hand, the response of asphait
mixtures under load is time and temperature dependent. A more accurate representation of
pavement materials is needed as more accurate deflection measuring equipment are developed in
the future.

Pavement Response Models

A pavement response mode! is needed in the backcalculation procedure for computing pavement
surface deflection under the test ioad. In general, depending on the material model and surface
loading mode! adopted, pavement response models can be classified into four types: (a) linear
static analysis, (b) nonlinear static analysis, (c) linear dynamic analysis, and (d) nonlinear dynamic
analysis. Linear static analysis is undoubtedly the most widely used procedure in practice. This is
due mainly to its simplicity in application, ease of interpretation, and the wide availability of such
pavement response computer programs. Perhaps with the development of new generation testing
equipment such as the High Speed Deflectograph which closely simulates the moving loading mode
of actual traffic, a pavement response model that incorporates the moving loading mode into the
analysis would be necessary.

Back-Analysis Models

Two general approaches of back-analysis to compute pavement material properties may be
identified: the inverse back-analysis and direct back-analysis. The inverse back-analysis adopts an
equation error criterion to minimize the errors of pavement response equations in estimating the
actual in-situ surface deflections. The direct back-analysis approach is based on the minimization
of the output errar , ie. the discrepancy between the measured and computed surface deflections.
This approach has been used in virtually all the backcalculation algorithms reported in the literature
so far. It is noted that output errors are a complicated nonlinear function of the unknown
parameters and its analytical expression often cannot be determined. Different iterative search
techniques have been employed to obtain values of material parameters that provide the best
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match between computed and measured deflections. Alternatively, database method and regression
predictive models can be used to reduce the computation time. However, the transferrability of the
database method and the regression techniques are rather restrictive. Currently, the relative
performance of the various back-analysis methods cannot be compared directly due to different
assumptions made and the different material models adopted in their formulation.

PAVEMENT MANAGEMENT
TOWARDS EFFICIENT INTWEGRATED NETWORK LEVEL MANAGEMENT

Network Level Multi-Year Programming

A primary objective of pavement management at the road network level is to program pavement
investments and schedule pavement activities to achieve optimal results of pavement network
performance. To ensure that pavements provide the expected level of service according to design,
timely corrective and preventive maintenance have to be performed. The importance of proper
planning and programming of pavement activities, including maintenance and rehabilitation trade-off
analysis, cannot be over-emphasized.

In the pavement maintenance and rehabilitation planning of a road network over a multi-year
planning horizon, pavement engineers are faced with the decision to determine which road
segments are to be repaired, when repairs should be carried out, and what repair treatments (i.e.
type of maintenance or rehabilitation action) to use. This presents a major problem known as
combinatorial explosion due to the extremely large number of combinations of possible choices
arising from the large number of pavement sections in a typical road network, and the different
repair treatments possible.

The magnitude of the problem can be easily demonstrated by a simple example. Consider a
planning period of m years and n possible pavement defect types. There are (m x 2n) possible
repair strategies per pavement segment in terms of repair type and time combinations. At the
network level, the total number of combinations that needs to be considered increases exponentially
with the number of pavement segments in the network. This is because the need for maintenance
of every single pavement segment is independent of those of other segments. For a network with
r segments, the total possible combinations is equal to (m x 2n)r. It can be seen that even for a
small local network having r = 20, m = 10 and n = 3, there would be a total of about 1038
combinations.  This figure would be astronomical when more pavement segments and more
maintenance treatment types are included.

Many optimization techniques have been employed since the 1970s to assist highway agencies in
making pavement management decisions. These techniques include linear programming [Lytton
1985), integer programming [Fwa et al. 1988), dynamic programming [Feighan et al. 1987]), and
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nonlinear programming and heuristic methods [OECD 1987]. Because of the complexity of
problem formulation and the magnitude of the problem due to combinatorial explosion, the
conventional optimization techniques could not be easily applied to solve the network level
pavement management programming problem.

Recently, it has been demonstrated that genetic algorithms could serve as a practical analytical
tool to programming of pavement management activities at the network level [Fwa et al. 1994a,
1994b].  Genetic algorithms are an optimization technique operating on the basis of natural
selection and natural genetics. It offers flexibility in objective function formulation and possesses
robust global search capability. The technique could also handle effectively multi-objective analysis
in programming of pavement management activites [Hoque et al. 1999]. However, none of these
proposed algorithms have been tried out on a large scale for actual road network operations. The
challenge to pavement engineers and researchers is to achieve a full-scale implementation of the
concept of multi-year network level pavement management by road agencies.

Performance Based Pavement Management Concept

The complete pavement management cycle should logically cover the entire process beginning
from pavement design to rehabilitation, encompassing pavement construction and maintenance.
Ideally, alternative pavement designs should be evaluated incorporating implications of pavement
maintenance and rehabilitation.  Unfortunately, this is rarely the case in practice. All existing
pavement design procedures do not call for design evaluation addressing requirements of pavement
maintenance and rehabilitation. The traditional management organisation of practically all highway
agencies is not structured to handle such operations. Typically pavement management is set up as
a separate entity within a road agency, with the responsibility to plan and program maintenance
activities after the completion of the road construction phase. This practice is undesirable as it will
not be utilizing optimally the available road agency funds.

Traditionally, most highway agencies perform pavement maintenance in-house. The agency owns
the equipment and employs full-time engineers and maintenance crew to plan and carry out the
maintenance works. This is sometimes combined with force account to handle extra work or
overloads. Force-account maintenance involves engaging labour and equipment from a contractor
on a unit price basis. The main concern to these two forms of maintenance approach has been
the general lack of incentive for innovation, and the relatively high tendency of operational
inefficiency.

There is a growing trend around the world toward privatized or contracted maintenance
management of road network. A common practice is the end-result based contracted maintenance.
In this approach, the road agency works out the required maintenance program and work items,
and appoints a contractor by negotiation or through open bidding to carry out the works. The
contract amount may be a lump sum or based on unit prices for various work items. The end
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results in terms of performance requirements are specified by the agency. A more recent
approach is the long-term performance based contract maintenance where contract is awarded to a
contractor for an extended period, in the order of 5 to 10 years or more. This offers the
contractor tremendous flexibility to plan and optimize resources usage on a network wide basis. It
also presents a tremendous potential for cost savings, operational efficiency and innovation. It is
expected that this form of contract maintenance will gain increasing acceptance in time to come.

CONCLUDING REMARKS

The rapid pace of todays economic activities requires the service of high quality highway
pavements. This paper has reviewed the current state-of-the-art knowledge in pavement design,
pavement evaluation and pavement management, and examined their limitations in meeting the
needs of modern day traffic operations. It has been pointed out that a better understanding of the
behavior of pavement materials under traffic loading is required. This calls for more comprehensive
test methods to characterize various types of pavement materials, and more refined analytical tools
for performing mechanistic design analysis.

Needed improvements in the area of pavement evaluation have also been identified. Pavement
distress surveys need to be performed with assessments which are mechanistically linked to the
original design considerations. Current generation of nondestructive testing devices for structural
evaluation of in-service pavements is expected to be replaced by test equipment adopting the
moving load concept and operating at normal traffic speed. Matching techniques for structural
evaluation will have to be developed.

To fully exploit the benefits of pavement management, it has been emphasized that a planning
and programming methodology for performing multi-year network level pavement management must
be developed. Finally, the emergence of long-term performance based contract maintenance
management is described. Its significance with respect to the concept of integrated pavement
management has been highlighted. In summary, the field of pavement engineering is expected to
move into an exciting un-charted territory full of challenges.  Pavement researchers and
professionals alike can look forward to the development of more reliable testing techniques and
new equipment, more sophisticated theory and analytical tools, and better and more efficient
techniques of managing pavements.
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