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Abstract— This paper summarizes the evaluation of
roughness of pavement streches to maintain it with low fund
and judicially guidelines by proper prioritization techniques.
Paper contains the methodical approach to inhence the quality
of pavement streches long term researches over the roughness
model prediction, clustering techniques , prioritization
techniques categories it as an advanced pavement.
Servicebility and distress parameters of the pavement surface
are most interrelated part to inhence the riding efficiency of
the vehicles. The data interpretation for roughness index also
a most relevent part of this paper. The identification of the
homogeneous road steches though a uniquely formulated
clustering techniques and developing methodology to find the
optimum number of pavement streches. It deals the practical
network level pavement management strategy using the
outcome of the above stages and develop a user friendly
computer interface further the user agencies.
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I. INTRODUCTION

The functional condition of highway pavements deteriorates
continuously due to repeated loads of vehicular traffic and
environmental factors such as temperature, snow and frost. It
causes discomfort to the passengers, reduces vehicular speed
and increases the Road User Cost (RUC). Pavements
deteriorate at a slow rate at the stage after the construction
and then the rate increases rapidly with time. If the
maintenance measures are not taken up at the appropriate
time, the deterioration becomes severe after some time and
huge funds are required for reconstruction (Stevens, 1985;
O’Brien, 1989; Zimmerman, 1995; Labi and Sinha, 2005).
Hence it is necessary to keep the pavements in good condition
by using proper maintenance plan.

A number of countries have failed to maintain their
roads properly not only due to lack of funds but also due to
the absence of maintenance system to use the available funds
effectively. Thus there is a need to develop a system by
which the existing road networks could be maintained to the
desired serviceability.

Pavement Maintenance System (PMS) can help the
decision makers to prioritize the pavement stretches on the
basis of distresses, in deciding the maintenance activities to
be taken up and also to allocate the available funds in an
optimal manner for the same (Fwa et al., 1994; Alsugair and
Al-Qudrah, 1998; Reddy and Veeraragavan, 2002). A
number of PMS are available in the form of comprehensive
packages, but most of them require huge database such as
history of pavements and time-series data on pavement
condition at regular intervals. Hence, there is need to develop
a system which follows the existing methods used for
maintaining the roads by the Public Works Departments

(PWD) in various states, and try to strengthen them by
making them effective, economic, flexible and methodical.

In any PMS, prioritization plays an important role
for selecting the pavement stretches for maintenance when
the funds available are limited. Though a number of
prioritization techniques are available, it is necessary to use
the appropriate one based on the constraints on availability of
data. While maintaining the network comprises large number
of stretches, it would be appropriate to take maintenance
decisions on a group of stretches having similar distress
characteristics. Hence, there is a need to classify the given
stretches into optimum number of groups and those groups
need to be ranked.

Pavement roughness is an overall indicator of the
quality of a pavement and it adversely affects the vehicle
riding quality. It is also being used in establishing the
Maintenance and Rehabilitation (M&R) priorities when the
budget available is limited (Gillespie, 1981; Sayers et al.,
1986; Liu Wei et al., 2005). In addition, many countries use
the road roughness as one of the primary components in
calculating vehicle operating costs (CRRI, 1982; Kadiyali
and Associates, 1991; Kadiyali, 2000). Many highway
agencies currently use road roughness for not only functional
performance of pavement but also to indicate quality
standards during construction process (Al Suleiman et al.,
1999). A few PMS predicts the roughness after the
construction of overlay but none of them have included the
prediction of roughness after repairing individual distress
parameters as a part of maintenance activity, which will help
the decisions makers to take the maintenance decisions based
on the change in roughness levels. To do this, there is a need
to develop a correlation between roughness and critical
distress parameters and the same can be integrated in
maintenance system. Though a number of researches have
reported that roughness is manifested as a combined effect of
different individual pavement distress parameters, such as
cracking, potholes, raveling and rutting (Paterson, 1987,
Rohde et al., 1999), not many studies have been carried out
to predict the roughness as a function of all these distress
parameters.

Measuring the roughness is difficult since it also
depends on the vehicular characteristics in addition to the
actual road roughness. Several agencies have tried to
standardize the roughness measurement process for
uniformity. Consequently, several instruments d and
standardized at a particular speed for the collection of
pavement roughness data (Wambold et al., 1981; Sayers et
al., 1986; Cundill, 1991; Morosiuk et al., 1992; Bennett,
1996). Among various instruments, Towed Fifth Wheel
Bump Integrator is the most popular equipment being used by
several developing countries because it is affordable, simple
and also needs less frequent maintenance and calibration
(Jordan and Young, 1980; Mrawira and Haas, 1996). It
usually runs at a standardized speed of 32km/hr to measure
roughness of pavements. However, it might not always be
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possible to run the equipment at the standardized speed on
low category roads such as Village Roads, Other District
Roads and Major District Roads and also on a few State
Highways due to excessive pavement distresses and the
heterogeneous traffic mix with a reasonable proportion
constituting of slow moving vehicles. On primary road
systems such as Expressways, National Highways and some
of the State Highways the situation is different. As these roads
are usually well constructed and properly maintained through
timely interventions and are usually traveled by fast moving
vehicles, the average speed of vehicles is high and sometimes
it is difficult to run the Bump Integrator at the standard speed
of 32kmph, which is rather slow compared to the speed of
other vehicle. Thus it would be convenient if the Bump
Integrator could be calibrated at various speeds, both higher
and lower than the standard speed so that it could be used in
all kinds of roads effectively.

The PWD of various states in India, follows certain
systematic steps to take up road maintenance work under
severe budget constraints. There is scope to improve the
system by strengthening the decision making process with the
data available usually with them. Finally, it is necessary to
develop an user friendly software for maintaining the flexible
pavement stretches by incorporating the prioritization,
grouping techniques and roughness model so that the user is
able to take the maintenance decisions easily, distribute the
funds in a logical manner and predict the roughness after
carrying out the maintenance operations.

Il. OBJECTIVES OF THE PRESENT STUDY:

This study intends to develop a system for maintaining the

flexible pavements at network level by utilizing the available

funds judiciously and effectively. To fulfill this goal the
following study objectives have been set:

— Review the available prioritization and clustering
techniques and to identify the suitable one for the present
study.

— Review critically, various relationships between road
distresses proposed by different researchers with a view
to identify the drawbacks with the existing models.

— Conduct extensive field studies with regard to the
roughness as well as the identified causative distress
parameters at a given point of time covering different
classes of highway sections.

— Develop the model for standardizing Bump Integrator
readings at different operating speeds

— Establish the relationship between road roughness with
the causative distress parameters

— Prioritize the pavement stretches using appropriate
prioritization technique.

— Identify the homogenous road stretches through a
uniquely formulated clustering technique and developing
methodology to find the optimum number of pavement
stretches.

— Develop a practical network level pavement
management strategy using the outcome of the above
stages and develop a user friendly computer interface for
the user agencies.

I1l. SCOPE OF THE PRESENT STUDY:

The present research study is limited to a few selected road
stretches covering National Highways (NHs), State
Highways (SHs), and Major District Roads (MDRs) in the
state of Rajasthan. The usually observed distresses on Indian
roads such as cracking, potholes, patching, rutting and
raveling have been included in the present study. All the
distresses would be measured in terms of extent and severity.
Mathematical relationships are to be developed to express
roughness in terms of these distress parameters collected at a
point of time. In addition to above distresses, edge failure data
in three severity levels are also included for taking
maintenance decisions. Hence, it is very clear that the present
study is based on the existing condition of pavement. Along
with the pavement distress data, roughness data is to be
collected using Bump Integrator. For establishing the
sensitivity of the roughness with the operating speeds of the
Bump Integrator, roughness data would be collected at
different operating speeds and would be validated.

As there is a need to develop a systematic plan for
maintenance of the pavement stretches, a prioritization
technique has to be developed using fuzzy approach based on
the collected pavement distress parameters. In the
prioritization process weights of the various distress
parameters play a major role. An expert opinion survey is to
be conducted through questionnaire survey to determine the
weights. For a large number of stretches in a network, the
homogenous pavement stretches are to be grouped using the
most appropriate available clustering technique and then are
to be prioritized.

The scope this study also extended in the direction
of developing a practical network level pavement
management system using the data, models and techniques
established during the present study.

IV. ROUGHNESS MODELS:

The "roughness" of a road is defined as the variations in
elevation of surface that induce vibrations in traversing
vehicles at a given point of time (Sayers et al., 1986). It
directly affects the pavement serviceability and consequently
affects the wvehicle operating costs (fuel, oil, tyres,
maintenance parts and labor, vehicle depreciation). Beyond a
certain roughness value, the pavement deteriorates rapidly
because of increased pounding action of heavy loads. As a
result, it affects not only the speed of vehicles, safety and
comfort of passengers but also the surface drainage
characteristics (Abaynayaka et al., 1976; Sayers et al., 1986;
Kadiyali and Viswanathan, 1992; Chandra, 2004).
Universally roughness is measured by International
Roughness Index (IRI) and is expressed in metres per km.
The complex mechanism and interaction between the
roughness and various types of distresses has been shown in
Fig 2.1 (Paterson, 1987). It may be observed from the figure
that the road pavement deterioration is principally a
combined effect of traffic and weather. Traffic loads induce
stresses and strains within the pavement layers.
Fig 2.1: The Mechanism and Interaction of Distresses in
Paved Roads
(Source: Paterson, 1987)
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Under repeated loadings, these stresses and strains
cause cracking in bound materials and deformation in all
layers. Due to weather and seasonal temperature changes,
oxidation of bitumen takes place and cause raveling. Once the
cracking and raveling are initiated, they expand in both extent
and severity with time and eventually potholes are formed.
Open cracks further allow surface water to infiltrate the
pavement layers and hasten the process of disintegration,
reducing the shear strength of the bound materials and
increase the rate of deformation under traffic. The cumulative
deformation under wheel loads manifests itself in wheel path
rutting. The chain distress mechanisms and combination of
various modes of distresses result in roughness. In addition to
the above distresses, patching, which is laid on the defect
surfaces, also contributes roughness.It was also reported by
Rohde et al. (1998) that roughness has been usually
manifested as a combined effect of different individual
pavement deterioration parameters such as cracking,
potholes, raveling, patching and rutting and it further
increases by weather and seasonal changes. They have also
expressed the interaction among various types of distresses
through simple graphical representation as shown in Fig 2.2.
It might be observed from the figure that cracking and
raveling initiate and progresses, and eventually potholes
form. These three distresses contribute to roughness. In
addition to this rutting, structural deformation and
environmental effects also contribute to roughness. Al-Omari
and Darter (1995); Hassan et al. (1999) have also stated that,
the individual pavement distress parameters and the
roughness compliment each other. That is to say that the
increase in individual deterioration parameters result in
increasing roughness, which once again acts as a catalyst in
further deterioration of the pavement.

Numbers of researchers have developed models
related to pavement roughness over the years. classified under
the following sections.

—  Models predict the roughness using pavement distresses
at a point of time

— Models correlate the serviceability and pavement
distresses

— Models correlate the roughness and serviceability

A. Relationship between Serviceability and Distress
Parameters

Pavement serviceability refers to the ability of a pavement to
provide desired level of service to the users and it depends on
pavement condition. The serviceability performance concept
was developed in 1960’s in AASHO road test which was
carried out to evaluate the pavement performance in terms of
riding quality (HRB, 1962; Patterson, 1987). This indicator
first appeared as a rating made by users based on the
condition of the road. This was represented by a subjective
index called Present Serviceability Rating (PSR) and later
was replaced by an objective index called Present
Serviceability Index (PSI). This is determined by applying the
rating given by the users based on riding quality of a stretch
of road. They rate on a scale of 0 to 5, where 5 means an
excellent riding quality and zero scale indicates a very poor
riding quality (Fwa, 2005). Keeping in view the fact that the
riding quality depends on the pavement distresses, several
researches and agencies have developed relationships

between them. The models such developed are summarized
in Table 2.2 and are being discussed below.

Model developed in, 1962; AASHTO, 1993)
considered the distresses such as crack length, slope variance,
rut depth and patching as dependent variables and PSI as
independent variable. Serviceability equation, developed by
Darter and Barenberg (1976) considered different types of
cracking, patching and rut depth variances. TRRL study
concluded that the PSI depended on pavement roughness,
cracking and patching (Hodges et al. 1975). In India CRRI
(1977) developed two models for predicting PSI. One model
was purely based on the roughness and the other was based
on the roughness, cracking and patching. AASHO
serviceability equation was modified by Uzan and Lytton
(1982) and they reported that the variance of rut depth was
more important parameter in influencing the PSI. They
replaced the slope variance with rut depth variance. Al-Omari
and Darter (1995) have developed a relationship to predict
PSI from the distresses such as depressions, potholes,
cracking and average rut depth.

A close look at the above studies reveals that
majority have not considered important distresses such as
potholes and raveling, in developing the models.

However, these distresses are very common on the
State Highways (SHs), Major District Roads (MDRs) and
Other District Roads (ODRs) in India. Sometimes, they are
also observed on a few National Highways (NHs). These
parameters have a substantial contribution on PSI value of a
stretch of road. Thus, none of above equations would be
suitable for Indian roads as they are. In addition, none have
studied the influence of severity of distress on PSIL.

B. Relationships between Serviceability and Roughness

The Present Serviceability Indices (PSI) developed by
various researchers as discussed in section 2.2.2 may not be
directly applicable in Indian conditions as a few key
pavement distress parameters such as raveling, potholes have
not been considered in any of those models. Though, PSI is
sensitive to many parameters, but the studies have shown that
it is highly correlated and could be easily predicted through
roughness values (Hass et al., 1994). This process also avoids
the assessment of PSI through raters as their perception might
be different. Hence, in this section relationships developed
between PSI and roughness by different researchers were
reviewed with a view to identify the most suitable model for
prediction of PSI in Indian situations. These relations are
presented in Table 2.3 and are being discussed below in
detail.

Using the data collected from different countries and
by involving number of raters, a non-linear model was
developed by Paterson (1986) for calculating the PSI form the
IRI, which is shown in S.No.l in Table 2.3. With a simple
modification, Gillespie (1992) developed a linear model to
correlate the PSI and IRI. Using the data collected from the
states of Indiana, Louisiana, Michigan, New Mexico, and
Ohio on both flexible and rigid pavements, Al-Omari and
Darter (1994) developed another non-linear model which was
almost similar to Paterson (1986) model.

Models thus developed were examined by Gulen et
al.,, (1994) and they reported that those equations were
statistically incorrect. The reason given by them was that the
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equations were biased because they were forced to pass
through PSI equal to 5 when IRI value was zero. They
conducted a study on 20 randomly selected pavement
stretches and developed a relationship between PSI and IRI,
where the constant value was 9 in place of 5 as compared to
all other cases.

As a part of predicting the remaining service life of
pavements based on present roughness data, Al-Suleiman and
Shiyab (2003) correlated PSI and IRI based on the data
collected on asphalt-surfaced pavements in Dubai. They
developed two separate equations for fast and slow lanes
(heavy trafficked). The reason given by them was that
deteriorating process and traffic conditions were different in
these two types of lanes. However, both the equations yielded
almost similar results.

Based on a study carried out over Chilean roads, de
Solminihac et al. (2003) developed two mathematical
equations explaining relationship between PSI and IRI, in one
case PSI was obtained through raters and in another case it
was calculated using AASHTO (1993) equation. These
relations were compared with the other similar relations
developed by Paterson (1986) and Al-Omari and Darter
(1994) and it was found that the developed relationship based
on the PSI through the raters was predicting higher values,
whereas PSI found through AASHTO equation was almost
matching as obtained by using other relationships.

It may be observed that the PSI values calculated
using Paterson (1986) model decrease at a uniform rate as the
roughness increases. The models developed by Al-Omari and
Dater (1994) and Al-Suleiman and Shiyab (2003) predict
almost same PSI values for different roughness values. The
model developed by Gillespie (1992) gives negative values if
roughness is more than 8 m/km. Model presented by Gulen
et al. (1994) predicts high PSI values when the roughness is
low and suddenly decrease up to IRI of 3 m/km and then it
decreases gradually. Model developed by de Solminihac
(2003) (AASTHO) is almost similar to Paterson (1986)
model up to the IRI value of 12m/km and beyond that model
gives negative PSI values which is absurd.

Comparing all the models, it is observed that
Gillespie (1992) and de Solminihac (2003) models would not
be suitable for Indian conditions where high roughness values
on low category roads are common. Model developed by
Gulen et al. (1994) does not predict PSI values uniformly.
Relationship developed by Paterson (1986) would be the
most suitable for predicting PSI from the IRI values where
data is collected from different class of road stretches having
varying magnitude of IRI. For developing the model a large
amount of data from different countries and number of raters
were collected while finding the PSI. Though, the relations
developed by Al-Omari and Darter (1994) and Al-Suleiman
and Shiyab (2003) also predict slightly lower PSI values as
compared to Paterson model, they might not be suitable as
these models were developed based on the data collected in a
particular country only

V. OBSERVATIONS FROM ROUGHNESS AND SERVICEABILITY
MODELS AND RESEARCH GAP:

While the distress parameters such as cracking, potholes,
rutting, raveling and patching directly affect the IRI value, the

impact of each distress in terms of extent and severity needs
to be considered to develop a model which would be practical
in Indian context. This would also help the decision makers
to identify the major contributing parameters causing road
roughness and accordingly higher priority could be given in
correcting these distress parameters.

Sometimes, maintenance decisions may also be
taken based on the PSI values. The review of literature shows
that most of the relationships developed between PSI and
distresses may not be suitable for Indian conditions as they
have neglected few distress parameters which are quite
common on Indian roads. However, model developed by
Paterson (1986) is robust enough to be applied in Indian
conditions as data collected for developing that model was
from number of developing and developed countries.

A. Prioritization Techniques for Pavement Maintenance:

To identify the most suitable prioritization technique a
thorough literature review has been carried out to study the
available ones.

Priority analysis is a systematic process that
determines the best ranking list of candidate sections for
maintenance based on specific criteria condition, traffic level
and pavement function etc. (Ramadhan et al., 1999).
Prioritization becomes an effective tool for supporting
decisions to be taken for effective pavement management.
The management system strives to achieve the maximum
benefits through prioritization (Tighe et al., 2004). Also, the
quality of priority setting can directly influence the
effectiveness of available resources, which, in most cases, is
the primary judgment of the decision maker (Sharaf, 1993).

Number of researches have used different methods
for prioritization of pavements for maintenance. These
methods have been categorized in the following groups and
have been discussed separately under different sections.

—  Condition Indices

— Fuzzy approach

—  Other techniques like Geographical Information System
and Analytical Hierarchy Process

VI. REVIEW OF VARIOUS CLUSTERING TECHNIQUES FOR
GROUPING OF PAVEMENT STRETCHES:

Clustering is a division of data into groups of similar objects.
Each group, called a cluster, consists of objects that are
similar to one another and dissimilar to objects of the other
groups (Jain et al., 1999). This is an important process in
pattern recognition and machine learning (Hamerly and
Elkan, 2002). Many diverse techniques in order to discover
similar groups in large datasets, out of which, Hierarchical
and Partitional techniques are being widely used (Mahamed,
2004; Hierarchical algorithms create a hierarchical
decomposition of the objects into either agglomerative
(bottom-up) or divisive (top-down). On one hand,
agglomerative algorithms start with each object being a
separate cluster by itself and successively merge groups
according to a distance measure. The clustering may stop
when all objects are in a single group or at any other point
where the user wants. On the other hand, divisive algorithms
follow the opposite strategy. They start with one group of all
objects and successively split groups into smaller ones, until
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each object falls into one cluster, or as desired. The
hierarchical algorithms are highly user friendly in the sense
that there is no need to specify the number of clusters at the
beginning. However, it suffers with major limitations of
being static in nature i.e, not being accommodative in moving
a pattern assigned from one cluster to another. In addition, it
is also computationally complicated (Mahamed, 2004; Turi,
2001).

Partitional clustering algorithm constructs partitions
of the data, where each cluster optimizes a clustering
criterion, such as, the minimization of the sum of squared
distance from the mean within each cluster. The distance
measure usually employed is the Euclidean distance. A close
look into the hierarchical and partitional algorithms indicates
very clearly that the limitations of one technique are being
explained by other technique. However, the partitional
clustering algorithm needs the number of clusters to be
specified at the beginning itself unlike in the hierarchical
algorithm (Mahamed, 2004). Though it looks to be a
limitation, the flexibility is being offered by partitional
algorithm in moving a given pattern from one cluster to other
cluster in a dynamically iterative manner. Due to this
dynamism, this has been the preferred choice by various
researchers for variety of application (Jain et al., 1999). In
addition, partitional algorithms are being observed to be very
accurate in comparison with hierarchical techniques,
especially in the pattern recognition (Jain et al., 1999). It is
with this background that these techniques have been used in
the present research activity.

Though number of specific techniques has been
developed within the domain of partitional clustering
algorithm, K-Means technique has been the preferred choice
because of its simple use and efficiency (Mahamed, 2004;
Turi, 2001). However, most of the clustering algorithms
including K-means require the user to specify the number of
clusters in advance (Hamerly and Elkan, 2002; Lee and
Antonsson, 2000). Finding the optimum number of clusters is
often an ad hoc decision, based on prior knowledge,
assumptions, and practical experience (Hamerly and Elkan,
2002®). The problem of finding optimum number of clusters
in a dataset has been the subject of research (Halkidi, et al.,
2001). However, the outcome is still unsatisfactory in this
area (Rosenberger and Chehdi, 2002).

VII. METHODOLOGY

A. Background

The review of literature in the preceding chapter brings out
the following points

The distress parameters such as cracking, potholes,
rutting, raveling and patching directly affect the IRI value and
the impact of each distress in terms of extent and severity
needs to be considered to develop a suitable model.

Some of the important distresses such as potholes
and raveling were not considered in most of the studies
conducted in developed countries in developing the
relationship between distresses. It might be due to non
existence of those parameters on the pavements where proper
maintenance is usually done on a regular basis. However,
such kind of distresses are very common on Indian roads and
need to be considered for Indian conditions.

Also, most of the relationships developed between
PSI and distresses might not be suitable for Indian conditions
as they neglected few distress parameters which are quite
common on Indian roads.

Pavement distresses and their weights play a vital
role in prioritizing the stretches but in most of the works the
weights were assigned by the authors themselves. In some
cases, the expert opinion survey was conducted and weights
were expressed in quantifiable terms. However, it is difficult
even for the experts to put definite weight on each parameter
as some uncertainty always plays in their mind and thus there
is scope to introduce Fuzzy Logic for expressing the weights
of the distresses.

While it is not very difficult to measure the extent in
the field by visual observations, the severity cannot be
quantified so easily. It would be appropriate to measure the
severity of each parameter on a language scale and then to
convert them into quantifiable terms using fuzzy logic.

Even though a number of clustering techniques are
available in the literature, use of K- Means clustering
technique for grouping the pavement stretches would be most
appropriate because of its easy applicability, accuracy and
capability to effectively handling a large quantity of data.
However, it was observed that user needs to define the
optimum number of clusters depending on the volume of
data.

Based on the above observations, it was decided to
develop a simple Pavement Maintenance System (PMS) in
the present study, for maintaining the network of roads at a
desired level of service by taking logical and appropriate
decisions under budgetary constraints. As many of the
developing countries, including India, have limited budget for
maintaining the network of roads, the system would be ideal
tool for the use of Public Works Department (PWD) of the
state governments. The present system proposed in this study
primarily follows the existing methods used for maintaining
the road networks by the PWD and tries to strengthen them
by making them effective and methodical. This is expected to
help the decision makers to study the impact of decisions in
advance and then to take appropriate maintenance measures
within the limited budget. Also, keeping in view the fact that
in some cases pavement condition is expressed in terms of
Present Serviceability Index (PSI), it would be predicted
using the most appropriate of the existing relationships
developed by various researchers between International
Roughness Index (IRI) and PSI.

B. Methodology followed in the present study:

A step wise methodology depicted in the Fig 3.1 has been
planned in this study.

11 Step 1: Selection and Identification of Road Stretches
While dealing with a large network of roads for maintenance,
the first step is to develop an identification method of the
links. This might be achieved by a methodical numbering
system. The objective should be to identify the concerned
road stretch by looking at the identification number. There
should be an in-built system so that the kind of road e.g.
National Highways (NHs) , State Highways (SHs) and any
other kind could also be made out from the identification
number. In the present study, a limited number of stretches
were considered and it was not needed to develop an elaborate
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numbering system. However, the road stretches have been
identified on the basis of highway number and chainage.

31 Step 2: Pavement Condition and Pavement Roughness
Surveys

On the selected stretches flexible pavement distresses such as
cracking, raveling, pothole, patching, rutting and edge
failures data in terms of extent and severity would be
collected by visual inspection. In addition, roughness data
would be collected along the wheel path using Bump
Integrator.

While collecting roughness data using Bump
Integrator it might not be possible to maintain the standard
operating speed of 32 km/hr on some of the stretches due to
poor pavement condition and heterogeneity of traffic.
Sometimes it is also difficult to maintain the desired speed on
busy roads such as NHs due to high speed vehicles. Hence,
the Bump Integrator would be standardized at different
operating speeds, so that roughness data could be collected
on any stretch at any convenient speed.

Keeping in view the fact that each kind of distress
would have different impact on the overall roughness of a
pavement stretch, data would be collected on stretches where
only one kind of distress is visible, so that its individual
impact could be determined.

71 Step 3: Expert Opinion Survey

Distress parameters data to be collected in terms of extent and
severity may not have same impact on the functional
condition, which plays vital role in prioritizing the stretches
for maintenance. Hence an expert opinion survey would be
conducted to ascertain the weights of various distresses by
sending a specially prepared questionnaire to a few selected
experts having field and academic backgrounds. As it would
be difficult to express the weights of distresses in quantifiable
terms f uncertainty or fuzziness, experts would be asked to
express them on linguistic scale.

41 Step 4: Initially, models would be developed for
standardizing the Bump Integrator at different operating
speeds. The roughness collected at any speed other than the
standard operation speed of 32km/hr would be corrected
using this model.

Universally roughness is expressed in terms of International
Roughness Index (IRI); hence the roughness obtained from
the Bump Integrator would be converted into IRI and then
used in the model development. The roughness obtained on
the pavement surface is the sum of the initial roughness and
due to the distresses. Accordingly, initial roughness would be
determined on the newly laid or overlaid pavement stretches
on different functional classes of highways and the same
would be deducted from the total roughness to determine the
contribution of distresses on overall roughness.

Using the pavement roughness and distresses in
terms of extent and severity data collected over sufficiently
large number of varying stretches, relationships would be
developed between them.

X1 Step 5: Prioritization and Grouping of Pavement
Stretches

Prioritization of pavement stretches plays an important role
in PMS, especially when funds available for maintenance are
limited. The stretches would be prioritized on the basis of the
distress data collected over entire width of the pavement
stretch.

As already discussed in step 3, weights play an
important role in prioritization process and it is difficult to
assess them due to uncertain in nature. It was noted from the
literature that, fuzzy logic could be an ideal tool to handle
situations which are uncertain in nature, hence it would be
used while assessing the weights of the distresses. Keeping in
view the fact that the priority to be given would also depend
on the importance of the road, a weighing system would be
generated, which depends on the class of road and traffic
volume.

While dealing with large number of stretches it
would be necessary to rank the stretches group wise rather
than individually for maintenance. Hence, the homogeneous
stretches would be clustered or grouped into manageable
numbers using available clustering technique and those will
be ranked.

6) Step 6: Development of Decision-Making Software for
PMS

User friendly software would be developed for maintaining
the network of roads. The roughness model which is to be
developed in step 4 and the prioritization and grouping
process suggested in step 5 would be incorporated in the
software. User needs to give the details of the stretches and
distresses data collected over it. Based on this information the
software would predict the roughness and rank the pavement
stretches.

Software would be developed such that, user could
take decisions regarding maintenance of the stretches rank
wise or group wise. Depending on the availability of funds,
user would have options to select the type of maintenance
decision, either construction of overlay or repairing of the
selected pavement distresses. Unit cost for repairing the
various distresses would also be provided based on the
current Basic Schedule of Rates (BSR) developed by PWD,
Jhunjhunu District, Rajasthan.

The user would have option to decide about the basis
of maintenance plan. For example, it might be decided to take
maintenance decision with an objective of having all the
stretches to have roughness less than threshold value or it
might be to identify the stretches having the roughness values
over a threshold and then repair them. There are many other
ways the maintenance decision could be taken.

The process developed would be iterative in nature.
Once the first set of maintenance decision has been taken, the
software itself will calculate the funds needed. It would also
determine the possible roughness values of the stretches to be
improved and the whole process of prioritization would be
repeated with all the stretches again. This process will
continue until the funds are going to be exhausted. Finally,
summary of budget, final roughness values and PSI would be
presented in Microsoft Excel file.

C. Pavement Marking for Data Collection:

The selected test stretches were divided into uniform sections
of length 50 m each. Possibilities of distresses are more along
the wheel path and thus the wheel path was identified by
visual observation and bands of 24 cm width were marked in
the longitudinal direction covering the entire section length.
The width of 24 cm was arrived at by considering the 12 cm
Bump Integrator wheel width with extra 12 cm leverage for
it to wander along either side of the path. A typical
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photograph displaying marking scheme is shown in  Plate

4.1.

D. Pavement Condition Survey:

Pavement condition data along the marked wheel path and
entire width of the pavement was collected separately. Extent
of pavement distress parameters such as cracking, potholes,
patching, raveling and edge failure expressed in three severity
levels were measured in terms of area in square meter by
encompassing distresses area with in a regular geometric
shape such as square, rectangle and triangle. The extent of
rutting was measured in length in meters along the
longitudinal direction. The detailed methods of measuring the
severity of distresses are discussed in the following section.

E. Cracking

To identify the severity of cracks, width of the cracks were
measured in mm. It was done by inserting a suitable gauge
of known thickness into the crack. Cracks were classified in
three severity levels namely low, medium and high on the
basis of width as shown in Table 4.2. The area of the cracks
in square meter of each severity were measured separately. In
a particular area if cracks of different widths were observed,
those were recorded separately.

F. Potholes

The severity of potholes was classified based on its depth as
presented in Table 4.2. A straight edge of length 3 m was
placed over the potholes and then highest depth was measured
by inserting a metric scale into the pothole. After identifying
the severity, the area of the pothole was measured in m2.

G. Patching

Severity of patching was identified by observing the
condition of the patching visually and with the help of
description given in Table 4.2. Rutting if any found over the
patched area was also measured using 3 m straight edge and
was taken into consideration while deciding the severity of
patching.

H. Raveling

With the help of the description given in Table 4.2 and using
photographic clues and cues the severity levels of raveling
were decided and the area of raveling of all severities were
measured in square meter.

. Rutting

Depth of the rutting was measured by placing the 3 m long
straight edge across the road and inserting a wedge scale
under the straight edge. Based on the depth of the rutting, it
was classified into three severity levels as discussed in Table
4.2. The length of the rutting of was expressed in meter.

J. Edge failure

Using photographic clues and cues and with the help of
description given in Table 4.2, the severity levels of edge
failure was identified. The extent of edge failure was
measured in terms of area (square meter) by multiplying the
length and maximum width of the edge break. Width of the
edge break has been calculated by deducting the effective
width of the pavement available after the edge break from the
actual width of the pavement.

K. Pavement roughness:

Using Towed Fifth wheel Bump Integrator, roughness data
was recorded along the marked wheel path for a section of 50
m length.. Towed Fifth wheel Bump Integrator Model-V used
in the present study has the inbuilt facility to convert the
roughness into the standard measurement of mm/km
irrespective of the distance covered. To ensure that the Ul
values taken on 50 m sections were acceptable a stretch of
length 1km is chosen and Ul values was found for the stretch.
Then the same stretch was divided into 20 sections and Ul
values were recorded for each section separately. It was
observed that the average of the Ul values collected on 20
sections was almost equal to the Ul value obtained for the
stretch. Bump Integrator was calibrated and standardized
before collection of the roughness data. The data collected for
calibration and standardization has been discussed in sections
4.3 and 4.4.

Pavement condition and roughness data collected
along the wheel path and entire width of the pavement were
stored in a format as presented in Table 4.3 and Table 4.4
respectively. The tables show sample data of 20 sections
collected over 1 km stretch. It is to be noted here that the
distresses along the wheel path measured over width of 24
cm. It may be observed from the table that, while collecting
the data along the wheel path all the distress parameters
except for edge failures were considered for obvious reasons.

VIIl. DATA COLLECTION FOR CALIBRATION OF BUMP
INTEGRATOR USING MERLIN:

Fifth wheel Bump Integrator used in the present study was
calibrated with MERLIN (Machine for Evaluating
Roughness using Low-cost INstrumentation). Pavement
roughness was measured with both the equipment on six
specially selected stretches of road for calibration.

A. Selection of the Calibrated Sections:

The following criteria were followed while selecting the

sections for calibration (Bennet, 1996; Sayers et al., 1986;

Cundill, 1991)

—  The sections of length 225 m selected by ensuring that
they were on straight stretches having at least another
100 m length of straight alignment before and after the
selected section

— The roughness on the selected sections was fairly
uniform over the entire length

— The surface of the pavement was in fair condition
without any potholes or depressions

—  All the selected pavement sections were machine laid
asphalt concrete surface

B. Roughness Data Collection using MERLIN and Bump
Integrator:

Kampax (1992) and Bennet (1996) have recommended the
calibration of MERLIN on a standard floor before being used
for either calibrating the Bump Integrator or for finding the
roughness itself. Accordingly, the calibration process was
carried out on a flat unyielding surface inside the laboratory.
They were also suggested equation for finding the correction
factor for the 10:1 (1 mm vertical movement of the probe will
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produce a pointer movement of 1 cm.) MERLIN as given in
Eq 4.1.

CF = (10*T) /PMp (4.1)
Where
CF = MERLIN correction factor,
T = thickness of the plate (mm), and
PMp = movement of the pointer (mm).

To find the correction factor, five different gauges
were chosen and thicknesses of the gauges were measured
accurately using vernier calipers. These gauges were inserted
under the probe of the MERLIN and movement of the pointer
was measured. The average correction factor was calculated
by taking the average of all the five correction factor obtained
using different thickness gauges. This detail has been
presented in Table 4.5. Calibration of MERLIN on the floor
has been shown in Plate 4.2.

IX. DATA COLLECTION FOR STANDARDIZING THE
UNEVENNESS INDEX AT DIFFERENT OPERATING SPEEDS:

It has been already discussed in section 4.1 that it was difficult
to maintain the standard speed of 32km/hr on stretches due to
poor road conditions and heterogeneous traffic. Thus it was
felt necessary to develop a relationship between the
roughness observed at 32km/hr and those of at other speeds
separately. Accordingly, roughness surveys at different

operating speeds were carried out on some of the selected
road sections. The details of this survey are being presented
in the following sections.

A. Selection of Stretches:

For the collection of data, different stretches having a wide
variation in roughness values were identified. For this
purpose, roughness values were measured using Bump
Integrator running at 32km/hr speed along the wheel path
covering different stretches of National Highways (NHs),
State Highways (SHs) and Major District Roads (MDRs)
passing through Jhunjhunu and Sikar districts of Rajasthan.
After a careful study, a total of 37 stretches having wide range
of roughness values were selected.

For uniformity, while selecting the stretches, care
was taken to ensure that they were on the straight portion of
the alignment as to avoid the effect of road geometrics. In
addition, the locations were chosen to avoid local traffic
interferences by selecting them fairly away from the cities,
villages and intersections. It was also ensured that the
pavement condition in a particular stretch was more or less
uniform and length of the each stretch was 1 km. The details
of the selected stretches for the study are shown in Table 4.7.
It may be observed that out of 37 stretches 7 were on NHs, 16
on SHs and 14 on MDRs.

St,(le;f:h Unevenness Index at 32km/hr = Ul‘ltailgnness2 {)ndex égnm/krgz) at d1f§§rent szgeds (k4r2/hr) -
1 2770 3395 | 3139 | 3098 | 3031 | 2835 | 2719 | 2600 | 2510 | 2302
2 2902 3475 | 3431 | 3249 | 3155 | 2966 | 2884 | 2806 | 2748 | 2515
3 3144 3522 | 3436 | 3426 | 3277 | 3200 | 3075 | 3010 | 2922 | 2879
4 3451 3947 | 3675 | 3567 | 3564 | 3489 | 3346 | 3293 | 3120 | 3090
5 3500 3967 | 3738 | 3656 | 3600 | 3531 | 3400 | 3309 | 3171 | 2975
6 3522 3987 | 3758 | 3676 | 3635 | 3551 | 3420 | 3329 | 3191 | 2995
7 3727 4362 | 4289 | 4118 | 4058 | 3817 | 3657 | 3569 | 3329 | 3148

St[(je;.Ch Unevenness Index at 32km/hr — Unel\;,enness2 (I)ndex grélnl/krré)oat dlfge;ent slze(:)eds (kiré/hr =
8 3820 4564 | 4343 | 4309 | 4165 | 3962 | 3773 | 3629 | 3500 | 3344

All rights reserved by www.ijsrd.com 103




A Review Paper on Advanced Pavement Design
(I3SRD/Vol. 9/Issue 07/2021/020)

9 3860 4665 | 4465 | 4402 | 4226 | 3998 | 3800 | 3671 | 3540 | 3402
10 3880 4672 | 4493 | 4565 | 4238 | 4040 | 3820 | 3649 | 3569 | 3395
11 4258 5607 | 5281 | 5220 | 4671 | 4380 | 4170 | 3969 | 3729 | 3562
12 4320 5661 | 5394 | 5291 | 4774 | 4427 | 4222 | 3926 | 3786 | 3584
13 4350 5712 | 5529 | 5350 | 4805 | 4447 | 4260 | 4035 | 3831 | 3693
14 4394 5898 | 5592 | 5452 | 4871 | 4480 | 4298 | 3969 | 3889 | 3686
15 4485 6023 | 5673 | 5481 | 4936 | 4589 | 4382 | 4049 | 3904 | 3693
16 4678 6354 | 6143 | 5709 | 5212 | 4685 | 4471 | 4173 | 4093 | 3853
17 4769 6425 | 6236 | 5990 | 5271 | 4800 | 4638 | 4398 | 4129 | 3940
18 4914 6610 | 6419 | 6128 | 5485 | 5092 | 4714 | 4541 | 4269 | 4153
19 4925 6650 | 6445 | 6197 | 5514 | 5136 | 4740 | 4564 | 4296 | 4191
20 4930 6783 | 6472 | 6235 | 5583 | 5172 | 4718 | 4580 | 4325 | 4280

X. ROUGHNESS DATA OVER ENTIRE WIDTH OF THE
PAVEMENT:

To develop the relationships between pavement roughness
and distress parameters, data was collected along the marked
wheel path as discussed in section 4.2. However, it is a
general practice to collect the pavement distress parameters
over the entire width of the pavement. Thus to validate the
developed relationship, the roughness and the distress
parameters were collected over a number of strips on the
entire width of pavement. For this study, data was collected
on MDR, SH and NH. One lane of one km length was chosen
on each kind of road. This 1 km stretch was subdivided into
20 uniform sections of 50 m length. Details of the selected
stretches are given in Table 4.11.

The lane width of 3.5 m was subdivided into 14
equal strips of 24 ecm (width of 24 cm is arrived at by
considering the 12 cm Bump Integrator wheel width with
extra 12 cm leverage for it to accommodate the wheel wander
along either side of the wheel path of the fifth wheel of the
Bump Integrator) each marked with paint. Keeping in view
the difficulty in running the Bump Integrator, 10 cm from the
edge of the pavement was left out. A photograph showing the
paint marks is presented in plate 4.4.

Many of the developing countries such as India have
failed to maintain the roads properly due to lack of sufficient
funds and also inability to use available funds judiciously and
effectively in the absence of proper maintenance management
system. Though a number of maintenance management
systems are available in the form of comprehensive packages,
most of them require huge database, such as history of
individual pavement stretches and time series data on
pavement conditions. It is difficult to get such systematic data
in India. Thus it was felt necessary to develop a Pavement
Maintenance Management System (PMMS), which would
follow the exiting maintenance pattern of the Public Works
Department (PWD) of the state governments and strengthen
them. A few maintenance management systems predict the
roughness after construction of the overlay but none of them
have included the prediction of roughness after repairing
individual distresses as a part of maintenance activity. To do
this, it is necessary to develop the relationship between
roughness and pavement distress parameters. Also it is
necessary to develop an user friendly software for taking
appropriate maintenance decisions, distributing available
funds logically and predicting roughness after the

maintenance activity. The following are the general finding

from the present research work.

— Ithas been observed that roughness is usually manifested
as a combined effect of different individual pavement
deterioration parameters such as cracking, potholes,
raveling, patching and rutting (Chapter-2, Sub Section-
2.2). Number of researchers have concentrated in the
direction of developing roughness progression models by
considering different combinations of influencing
parameters, which were collected over a period of time.
However, enough research has not been carried out for
developing models, which are capable of expressing the
roughness at a given point of time as a function of
noticeable distresses (Chapter-2, Sub Section -2.2.1).

— It was observed that a number of researchers had
developed relations between Present Serviceability
Index (PSI) and distresses, however, these relationships
may not be suitable for Indian conditions as they have
neglected few distress parameters which are quite
common on Indian roads. It has also been noticed that the
relationship developed between roughness and PSI by
Paterson (1986) is more appropriate to predict the PSI
from the roughness (Chapter-2, Sub Section -2.2.4).

— Among the various available prioritization techniques,
fuzzy multi criteria approach was found to be one of the
most appropriate techniques for the present investigation
uncertainty (Chapter-2, Sub Section -2.3.4).

— It is difficult to maintain the network comprising large
number of stretches based on the individual ranking. In
such situations it would be practical to take maintenance
decisions on a group or cluster of stretches having similar
distress characteristics. It has been observed that K-
means technique is the most suitable for grouping of
pavement stretches. (Chapter-2, Sub Section -2.4).

—  While measuring the roughness using Bump Integrator,
it was found difficult to maintain the standard operating
speed of 32 km/hr due to poor pavement condition and
heterogeneity of traffic (Chapter-4, Sub Section -4.1).

— It was observed that the weights of the distress
parameters obtained from various experts through the
questionnaire survey in linguistic variables were quite
consistent (Chapter-4, Sub Section -4.6).

—  While determining the unevenness at various operating
speeds it was observed that roughness was decreasing
with increase in operating speed of the Bump Integrator
on uneven surfaces (Unevenness Index is more than 2500
mm/km) , but it was not varying much on even surfaces
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(Unevenness Index is less than 2500 mm/km).
Roughness was very sensitive to the operating speed on
uneven surfaces (Chapter-5, Sub Section -5.3).

Models developed for converting the unevenness index
collected at various operating speeds to the standard
speed of 32 km/hr could be used with good accuracy
(Chapter-5, Sub Section -5.3.1).

On the basis of the data collected on various freshly
overlaid pavements, it was observed that the average
initial UI value on National Highway was 1750 mm/km
(IRI=2.4 m/km), on State Highway it was 2025 mm/km
(IRI=2.8m/km) and on Major District Roads it was 2225
mm/km (IRI=3.0 m/km) (Chapter-5, Sub Section -5.4.2)
Model developed between roughness and distress
parameters would predict the roughness with good
accuracy. From this model, it was found that contribution
of potholes of all severities was significant on roughness;
whereas the contribution of low and medium severity
cracking and rutting were not significant (Chapter-5, Sub
Section-5.4.5).

Though patching is a treatment for distresses, it is also
contributing to roughness due to the fact that in most of
the cases it wasn’t being done according to the standard
methods and there was a level difference between
existing pavement and patched surface (Chapter-5, Sub
Section -5.4.5).

Relationship developed between roughness and
pavement distress parameter could impact of various
individual distresses on the roughness (Chapter-5, Sub
Section-5.5.1, 5.5.2). It could used to predict the changes
in roughness levels based on the kind of maintenance
work taken up (Chapter-5, Sub Section -5.6)

It was observed from the roughness data collected over
the entire width of the pavement along a number of
longitudinal strips that there was not much variation in
roughness on them in MDRs. However, it was found
along the wheel paths on SHs and NHs (Chapter-5, Sub
Section -5.7).

uncertainty in assessing weights, fuzzy approach was
used for prioritization. However, this approach cannot be
used when uncertainty is not involved (Article-6.2). The
weights of distresses collected in linguistic variables
could be easily converted into fuzzy numbers and this
process would be quite useful if it is not possible to
express the weights in quantifiable terms (Chapter-6, Sub
Section -6.2.2).

Experts gave high weightage on high severity pothole
and less on low severity cracking (Chapter-6, Sub
Section -6.2.2, Stage 6).

Different approaches suggested for prioritizing of
pavements are yielded same results hence, any of the
suggested approach could be used (Chapter-6, Sub
Section — 6.2.3)

The developed algorithm for finding the Optimum
Number of the Clusters (ONC) is suitable for grouping
the pavement stretches into manageable number of
groups (Chapter-6, Sub Section -6.3.2.1).

Software developed for maintaining the pavement
stretches at network level would be able to distribute the
funds according to priority and also would predict the

change in roughness after repairing the distresses.
However, change in roughness levels on various
stretches purely depends on the kind of maintenance
decisions taken and the availability of funds (Chapter-7,
Sub Section -7.3).

XI. CONCLUSIONS:

In the present study, an attempt has been made to develop a
maintenance management system for flexible pavements so
that the existing methods followed by the PWD of various
states could be strengthened. Also a correlation has been
developed between roughness and distresses and same was
integrated in the maintenance system to study the impact of
various distress parameters on roughness. Accordingly, a case
study was conducted in two districts of Rajasthan in which
various kinds of roads were considered such as NH, SH and
MDR. On the basis of the study the following conclusions
have been drawn.

Besides the usual distresses such as rutting, patching and
cracking considered by various researchers for
determining the roughness, the contributions of potholes
and raveling are quite predominant on Indian roads.

The Unevenness Index values decrease significantly with
the increase in operating speed of the Bump Integrator
when the pavement condition is poor. The variation is
insignificant on freshly overlaid pavements.

The initial International Roughness Index (IRI) values on
freshly overlaid pavements vary with the type of road
with high category pavements having comparatively low
IRI values.

The contribution of any distress on the overall roughness
of a pavement depends significantly on the severity and
extent of the same.

The contribution of potholes on the roughness of a
pavement stretch is quite high whereas those of rutting
and low severity cracking are not significant.

Patching is done with the intension to improve the road
condition, but due to poor workmanship it contributes
significantly on the overall roughness.

Using the relationship developed between roughness and
distresses parameters in this study, the impact of various
maintenance decisions on roughness could be
determined and accordingly the best possible decision
under the budgetary constraints could be taken.

Due to regimented and high traffic volume, the wheel
paths can be clearly identified on NHs. They are not that
easily identifiable on MDRs and few SHs.

The relationship between roughness and pavement
distresses remains almost same irrespective of data being
collected along the marked wheel path or over the entire
width of the pavement.

The fuzzy multi-criteria approach can be effectively
applied for prioritizing the pavement stretches either
individually or in groups.

At the network level maintenance management, while
each stretch might have different distresses of varying
extent and severity, there is a need to use appropriate
technique to arrive at the Optimum Number of Clusters
(ONC) to group the stretches into manageable number.
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— The software developed in the study can be used to take
the maintenance decisions so as to distribute the
available funds in a logical manner based on
maintenance policy decided by the agency.

XIl. RECOMMENDATIONS:

The following are some of the recommendations based on the

experiences gained from the present research work.

- Public Works Department (PWD) engineers may
use the software developed in this study for
maintaining the pavements and for taking policy
decisions on maintenance activities under budgetary
constraints.

- The model developed for converting the roughness
values collected at various speeds to the standard
operating speed of 32 kim/hr might be used on Indian
roads.

- Since the availability of Bump Integrator is quite
restricted with number of government organizations,
the roughness values could be calculated from the
data collected on pavement condition using the
relationships developed in the study. However,
proper definition of severity and extent of each
distress needs to be developed so that they can be
quantified easily by the field engineers.

- The Initial International Roughness Index (IRI) on
freshly overlaid National Highway was 1750
mm/km (IRI=2.4 m/km), on State Highway it was
2025 mm/km (IRI=2.8m/km) and on Major District
Roads it was 2225 mm/km (IRI=3.0 m/km). These
values might be used for predicting total roughness
on the various types of pavements if roughness due
to distresses is known.

- The fuzzy approach followed for prioritization of
pavement stretches can be used in any prioritizing
process wherever uncertainty is involved.
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