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Abstract

All civil engineering structures deteriorate with time and pavements being no exception
undergo deterioration with time. The various factors that influence the deterioration
process of pavements include traffic loading, climatic conditions and quality control
during construction among others. For this study, the major arterial roads of DHQ
Bilaspur of H.P. are selected for evaluation and inspection purposes. Most of the damages

and failures were caused by disintegration like loss of aggregate, potholes, stripping etc.

The proposed PMMS methodology includes: identification and selection of the urban
road network, collection of field data and database management, and calibration and
validation of HDM-4 pavement deterioration models for local conditions. The procedures
and equipment used for collection of various kinds of field data on different pavement

sections of DHQ Bilaspur have been described.

The data for vehicle fleet plying on the road network, maintenance and rehabilitation
activities, cost data for various types of M&R works, and the road user cost data, as
obtained from field and relevant government publications has been presented. The time
series pavement distress data of cracking, reveling, potholes, rutting and roughness have

been collected.

The project level analysis included determination of optimum maintenance &
rehabilitation, comparison of scheduled and condition responsive maintenance strategy
and estimating remaining service life of urban road sections. The optimum maintenance

strategies have been determined based on  highest NPV/Cost ratio.
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CHAPTER 01
Pavement Management System (PMS):AN INTRODUCTION

1.1 GENERAL

The add-on part gives an introduction and groundwork into Pavement
Management System to assess the condition of the pavement periodically so that
maintenance work can be taken up accordingly in order to slow down the
deterioration rate. With lack of maintenance at right time, pavements deteriorate
rapidly, leading to higher Vehicle Operating Costs (VOC), increased number of

accidents and reduced level of serviceability.

High-capacity urban road which delivers the traffic from collector roads to
freeways, and between city centers at the maximum and possible level of service.
As a result, it is critical to maintain these roads since they are subjected to heavy
traffic, as well as monsoon or poor drainage conditions, which can cause
pavement damage at a faster pace, necessitating more frequent maintenance and
costly restoration. This research provides insight into the subject's objective,
connotation, and future scenario. Virginia Transportation Research Council report
(2002) presented economic analysis components and cost factors for life cycle cost

analysis.

The report also showed us the different types of pavement maintenance option for
rigid, flexible and composite pavements like asphalt concrete reconstruction,
rehabilitation of rigid pavement with overlay, continuously reinforced concrete
pavement construction, reconstruction with wide lane and ac shoulder. A picture
demonstration is given to show how maintenance strategy and rehabilitation action

taken into action for a pavement.
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The city roads are difficult to maintain because they cater to very heavy but
uneven traffic. Furthermore, travel lengths can vary greatly, and a large number of
diversions to residential or industrial areas are common. As a result, commuters
and riders are often dissatisfied when there is a lack of suitable riding service on a
city road. It is consequently critical that these roads be well-maintained in order to
provide the best possible service and comfort to road users. The following are the

major problems in urban roads:

» Drainage is a significant issue on city streets. The incorporation of a drainage
layer, according to Brain et al. (2005), had a favorable influence on the
subgrade resilient modulus, effective pavement modulus, and effective
structural number of the selected sections under examination. In comparison
to pavement portions with good drainage, Grover and Veeraragavan (2010)
found that the rate of deterioration of functional parameters such as
roughness, cracking, and ravelling is faster by 41%, 20%, and 25%,

respectively.



» Prakash (2009) used HDM-4 to create a Maintenance Management System
(MMS) for Patna City designated urban road network. During the monsoon
season, storm water tends to sit on the roads for an extended amount of time,

causing local cavities and surface distresses such as potholes.

This is a result of an insufficient and poorly built drainage system, which
results in a significant loss of riding quality and user satisfaction; it also
generates an unwelcome economic burden, since considerable sums of

money are typically necessary for road repair and rehabilitation.

» Choudhary et al. (2011) emphasized the significance of drainage in flexible
pavement performance by ensuring that system elements are free of
impediments and maintain their specified cross section and slopes. In
metropolitan highways, high traffic volumes and abrasion of the road surface

are a prevalent problem.

The maneuvers such as sudden braking and starting effect, sharp turns etc.
often cause localized corrugations and abrasion in the road sections. This
results in reduction of pavement thickness and loss of riding quality and

comfort, causing significant discomfort to road users.

1.2 PAVEMENT MAINTENANCE MANAGEMENT SYSTEM (PMMS)

A Pavement Management System is a set of defined procedures for collecting,
analyzing, maintaining, and reporting pavement data, to assist the decision
makers in finding optimum strategies for maintaining pavements in serviceable

condition over a given period of time for the least cost.

1.2.1 Need of PMMS

There is a need to design a set of methods that will give a systematic evaluation of
highway demands, based on proper technical decisions and expert knowledge, in
order to improve the state of urban roads. To determine which sections of the road

require maintenance and which sections can be postponed.



For the improvement of urban street conditions, it is necessary to develop a set of
strategies that will allow for an orderly assessment of pavement surface needs,
based on appropriate design choices and master learning, while also determining
which street segments require support. For maintenance of the road in comparable
minimum time and for identification of road which required maintenance, this
study is required. Complacency and inadequacy of road maintenance have caused
irreparable damage to economic growth rate, as poorly maintained roads cause

congestion, delay, road accidents, and higher vehicle operating costs.

The following are some of the major deficiencies in the Indian road network that

highlight the need for PMMS:

1.2.1.1 Inadequacy in Design Standards

The majority of the country's roads are poorly planned, lacking in design
standards, geometrics, safety features, and road user comfort. Due of the limited
resources available at any one time, this is the case. This means we'll have to
build in stages. The pavements are planned for a 15-year initial service life (IRC:
37-2012), with additional reinforcing given as traffic demand grows. However,
due to inadequate management and financial constraints, many roads do not even

reach their design life.

1.2.1.2 Increase in Pavement Transport Demand

Since independence, India has seen a significant increase in vehicle traffic. The
number of vehicles on the road has increased from 3 lakh in 1951 to almost 450
lakh now. ““Furthermore, the volume of commodities transported by road has
expanded by more than sevenfold, from 600 million tonnes to 40,000 million
tonnes today. During the last 60 years, road transport's share of passenger and

freight transit has expanded by 20% to 85% and 20% to 70%, respectively.
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1.2.1.3 Decreased Caliber of Pavements

India has a big road network, however the quality of the roads is often poor. More
than half of the road network remains unpaved. The existing road network has
aged and deteriorated rapidly due to a lack of meaningful management other than
frequent overlays, resulting in a variety of distresses such as cracking, ravelling,
and potholing on the road surface. These problems have increased the demand for
Pavement Management techniques as a result of the combined effects of moving

traffic and environmental elements.

1.2.1.4 Increased Traffic and Axle Loads

The volume and axle weights of traffic on Indian highways are expanding at an
alarming rate. The annual growth rate is expected to be in the tens of percentiles
(MORT&H 2001c). The current road network has been severely strained as a
result of the unprecedented expansion in vehicle population and road usage.
According to the 'Road Damage Formula, pavement that can last 10 years
without overloading can only last 6.5 years and 3.5 years, respectively, if there is

10% and 30% overloading.



The axle loads carried by freight vehicles have increased significantly. Despite
the fact that the axle weight limit is 10.2 tonnes, vehicles with axle loads of 18-22
tonnes can be found on these routes. In order to extend the life of the roads until

the restrictions are more firmly enforced, management measures are necessary.

1.2.1.5 Limited Award of Capital

The current allocation of funds is barely 60% of what is required for proper
upkeep. Any disregard for maintenance is self-defeating, as every rupee spent on
maintenance saves two to three rupees in vehicle operating costs (MORT&H
2001b). As a result, the gap between allocation and requirements has only become
wider in recent years, which is bad news given the continually increasing volume
and weight of traffic. Furthermore, because maintenance tasks are rarely
scheduled in advance, decision-makers have a tendency to make haphazard cuts

when faced with resource restrictions.

Following the lack of adequate and timely maintenance measures, the pavement
condition may deteriorate very sharply from ‘good’ to ‘poor’ during a very short
span of pavement life, leading to 4-5 times higher fund requirements for
rehabilitation of the pavement at that stage. Thus, if maintenance and
rehabilitation is performed during the early stages of deterioration, before a sharp
decline in pavement condition, over 75% of the maintenance costs can be avoided

(Shahin 1994).

1.3 DESIGNING A PAVEMENT MANAGEMENT PROCESS

The development of a systematic and repeatable pavement management process is
a key component in the effective planning and management of a pavement
network. The steps outlined below serve as a Guide for customizing a pavement

management process that fits the needs of each local agency.



Prior to starting the implementation process, it is recommended that agencies
consider naming a champion and forming a steering committee to work as a group

in establishing a process to meet the needs of the agency.

For larger agencies, involving a number of staff from all levels and a variety of
divisions within the organization helps shape the management process to meet the

needs of all potential users in the organization.

1.3.1 Step 1: Define the Roadway Network and Collect Inventory Data

The first step in designing a pavement management process is to define the
roadway network. A roadway network is comprised of an inventory of the physical
characteristics of the roadways being managed by the agency. After segments are
defined in a manner that best fits the needs of the given agency, the inventory
information for each segment is collected by either estimating the data or
collecting all needed information. The exact type of inventory information required
by an agency depends on what data will be used by the agency to support its

decisions.

1.3.2 Step 2: Collecting Condition Data

Pavement condition data are a major factor in any data-driven, decision-making
pavement management process. Within the pavement management process, the
condition data can be used to help identify current maintenance and rehabilitation
needs, to predict future needs, and to assess the overall impact on the network.
Therefore, the type of condition data required and the level of detail depends on the
agency and the pavement management process used. Condition data will be
collected using either manual or automated data collection methods. With either

method, distress data will be estimated or measured.



1.3.3 Step 3: Predict Condition

With current pavement condition assessed, agencies are equipped with the
information needed to predict the future condition of a segment. In pavement
management, conditions are predicted in terms of performance models that
estimate the average rate of pavement deterioration each year. Pavement conditions
can be predicted for the pavement network using either average deterioration rates

or performance prediction models.

1.3.4 Step 4: Select Treatments

The fourth step in designing the pavement management process is to select
appropriate treatments for the roadway network. Treatments are selected using
cyclical schedules or treatment trigger rules. The recommended treatments are then

prioritized using ranking or benefit/cost analysis.

1.3.5 Step 5: Report Results

Project results can be reported using different methods to highlight important
factors which will assist decision makers with their final decisions. Data reporting
is an effective method of communicating not only the recommendations from the
pavement management process but also transferring related information to decision
makers. The data can be used to generate reports and charts to extract relevant
information pertaining to any segments under consideration. The results can be

presented either by using standard charts and reports or customized summaries.

1.3.6 Step 6: Select Pavement Management Tool

The selection of a pavement management tool is influenced by the requirements of
the agency and users needs. The tool provides a platform to store the pavement
management information and to perform different types of analysis depending on
whether a spreadsheet, GIS tool, and/or a pavement management system (public or

private) is selected.



Depending on the needs of the agency, a local agency can also opt to use a
combination of pavement management software and customized spreadsheets

and/or GIS software to suit their requirements.

1.3.7 Step7: Keep the Process Current

Pavement management is a dynamic process that requires regular updates.
Pavement management is not a one-time activity, so agencies must make an effort
to update the information incorporated in the pavement management process. Data

management is a key component to maintaining the database.

Pavement Maintenance Management System (PMMS) is a scientific tool for managing
the pavements so as to make the best possible use of resources available or to maximize
the benefit for society. Existing pavement deteriorates with age or continuous traffic
loadings. Once a PMMS is developed for any road network, an entire and readily
available inventory data of that road network can be obtained including up-to-date road
conditions. This data is essential for routine use in tracing maintenance work and for

reference in preparing reports or studies.

Instead of preparing the typical one-year maintenance budget, a PMMS allows us to
prepare a series of budgets. These budgets can be in the form of a multi-year program,
identifying not only short-term (one-year) needs, but outlining needs over the course of
many years. Further, alternatives can be prepared and presented to the budget decision

makers.



1.4 HIGHWAY DEVELOPMENT AND MANAGEMENT SYSTEM (HDM-4)

The World Bank's Highway Development and Management System (HDM-4) is a key
instrument for building a pavement maintenance management system that can assess
technical and financial aspects of road investments, investigate pavement programs,
and analyze preservation methods. The HDM-4's efficiency is determined by the
accuracy of its distress prediction models and their flexibility to local conditions. The
HDM-4 tool's scope has been expanded significantly beyond standard project
assessments, resulting in a robust system for analyzing road management and

investment options.

The HDM-4 provides maintenance tools for project-level analysis, road work
programming within budget constraints, and long-term network performance and cost
planning. It's meant to be used as a decision-making aid in a road-management
system. The pavement deterioration models included in the HDM-4 must be calibrated

and validated for local conditions.

The calibrated models can be used to forecast pavement deterioration in the future.
The HDM-4 application modules 'Project analysis,' 'Program analysis,' and 'Strategy

analysis' are used to construct PMMS at the network and project level.
1.4.1 Input Data Requirements
The input data to HDM-4 is held in four data managers, which are described below:

» Road network - Defines section ID, description, surface class, and
pavement type, section length, carriageway width, traffic & speed flow
type, climate zone, and road class. AADT year for both motorised and

non-motorized travel.

» Vehicle fleet - Defines the vehicle's name and class, as well as fundamental
parameters such passenger car space equivalency, operating weight, and

economic unit expenses.
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» Road works standards — Defines various maintenance and improvement
standards with designed intervention levels either as scheduled or responsive
treatment, along with their unit costs, which will be applied to the different road

sections to be analyzed.

» HDM configuration - Defines the traffic flow, speed flow, currencies and

climate zones along with section aggregate data and tables.
1.4.2 Technical Models
Technical analysis within the HDM-4 is undertaken using the following four sets of models:

» Road Deterioration (RD) - For various types of pavements, such as flexible,
stiff, and granular roads it predicts pavement surface deterioration in terms of
numerous distresses such as cracking, rutting, roughness, potholes, structural

number, and ravelling.

» Works Effects (WE) - Provides the effects of road maintenance or

improvement on pavement condition and determines the corresponding costs.

> Road User Effects (RUE) - Calculate vehicle operating expenses and journey
time. Under the funding of the Ministry of Surface Transport (MOST), the CRRI
completed the RUE study in 1982. (CRRI 1982). A considerable number of

commercial and private automobiles were discovered in this survey.

Then data on the operating costs of these vehicles, as well as the design
specifications of the roadways on which they operate, were acquired. By
evaluating this data, connections between road design requirements and vehicle

operation costs were discovered.

Calculate vehicle operating expenses and journey time. Under the funding of the
Ministry of Surface Transport (MOST), the CRRI completed the RUE study in
1982. (CRRI 1982).
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A considerable number of commercial and private automobiles were discovered in
this survey. Then data on the operating costs of these vehicles, as well as the design
specifications of the roadways on which they operate, were acquired. By evaluating
this data, connections between road design requirements and vehicle operation costs

were discovered.

1.4.3 Application Modules

There are three main application modules in HDM-4, i.e., Project Analysis, Program
Analysis, and Strategic Planning (Kerali 2000, Shah 2012, 2016). These are described

below:

Project Analysis — In the Project level module of HDM-4, economic analysis of one
or more road projects and its investment options can be performed. Road sections
with defined maintenance and rehabilitation strategies are analyzed over a specified
design life time. Project analysis can be used to estimate the economic viability of the
maintenance decision by performing the life cycle cost analysis (LCCA) of road
agency cost together with estimates of road user costs to calculate the total

transportation cost.

Program Analysis — In the Network level application of HDM-4 maintenance work
programme for selected road sections are identified and are assigned various
maintenance works applicable for that particular pavement type. Economic Indicators
such as NPV/ Cost are calculated for each strategy. Program analysis provides a
schedule of optimum pavement maintenance and rehabilitation strategies, which can
be performed as per the availability of maintenance funds. Maintenance work
programs are generated by HDM-4 under both the constrained & unconstrained

budget options

12



» Strategy Analysis — In the Strategic analysis of HDM-4, the analysis of a selected
urban road network is carried out as a whole. This network level application is used
for strategic planning to prepare a planning estimates of funding needs for the

maintenance and improvement works of the road network.

Naidu et al. (2005) made an attempt to select optimum maintenance strategies and
developed PMMS based on life cycle costs using HDM 4 for the inner ring road of
Delhi. The network of study area consisted of major arterial roads for Delhi having 48
km (96km both directions) road length with six lanes divided carriageway. Project
analysis and programme analysis components of HDM 4 were used for developing

PMMS.

The major difference between strategy and program analysis is the manner in which
the road links and sections are identified. Program analysis deals with individual links
and sections that are unique physical units, identifiable from the highway network

throughout the analysis.
In strategy analysis, the highway network essentially loses its individual link and

section characteristics by grouping all road segments with similar characteristics into

the highway network categories.
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1.4.4 Interfaces to External Systems

The HDM-4 system design is modular in structure to enable highway agencies to
implement the HDM-4 application modules independently within their pavement
management systems. The system is designed to interface with external road network
information systems through its databases. Data transformation rules may need to be
implemented for converting the data held in the external database to the format used

by HDM-4.

Data required by HDM-4, such as pavement deterioration calibration factors should
be inserted as pre-defined default values according to the type of pavement, road class
and other defined factors. These include data on vehicle fleet characteristics, road
maintenance and improvement standards, unit costs and economic analysis parameters

such as discount rate and analysis period etc., (Kerali 2000).

1.4.5 Life-cycle Analysis

HDM-4 simulates the total life cycle conditions and costs for an analysis period under
specified circumstances. The model stimulates, for each pavement section, year-by-
year, the pavement condition and resources used for maintenance under each strategy,

as well as the vehicle speeds and physical resources consumed by vehicle operation.

Interacting sets of costs related to those incurred by the road administration and those
incurred by the road user, are added together over time in discounted present values.
Economic benefits are then determined by comparing the total cost streams for
various maintenance alternatives with a base alternative, usually representing

minimum routine maintenance (Odoki and Kerali 2000).
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1.5 OBJECTIVES OF THE STUDY

The following are the objectives of this study:

>

To make a preliminary condition & detailed condition survey of roads and
identify the arterial road length in the selected zone & to identify various

types of defects and prepare a list in hierarchy of their occurrence.

To assess the condition of selected stretches based on distress survey and to

develop a systematic approach to ascertain distress and its severity.

Create a database containing inventory information, pavement condition
information, traffic information, and other relevant information for the

specified Urban Road Network.
Development of an evaluation system that aids in the timely and cost-effective
decision-making process for pavement maintenance and rehabilitation

utilizing HDM-4 pavement performance models.

Determination of Remaining Serviceable Life (RSL) of Bilaspur Town road

sections using Project Analysis in HDM-4 model.

Determination of Optimum Maintenance and Rehabilitation strategy for road

sections of Bilaspur Town using Project Analysis in HDM-4 model.

Prioritization of Bilaspur Town road sections based on optimum M&R

Strategy.

Comparative study of Scheduled Type and Condition Responsive type M&R

Strategy for individual road section using Project Analysis in HDM-4 model.
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1.6 ORGANIZATION OF THESIS

The research work has been carried out keeping these above said objectives in
view. The thesis report presents this work in five chapters. Chapter wise

summary of the report is given below:

Chapter — 1:- Presents the statistical data of Indian road network, urban road
network, road condition scenario in India, classification of urban roads, various
deficiencies and inadequacies of urban road. This chapter also presents the

overview of PMMS and the role of HDM-4 for developing PMMS.

Chapter — 2:- Presents the review of the literature. It discusses the various

works done on PMMS using HDM-4 model.

Chapter — 3:- Presents a detailed methodology of the development of PMMS
for the selected road network. It includes identification and selection of the road
network and division of the same into homogeneous pavement sections. It also
presents in detail the methodology adopted for collection of various kinds of
data required for the development of PMS, such as highway network data,
vehicle fleet data, maintenance & rehabilitation activities data, and the cost

data.

Chapter — 4:- The PMMS developed at network level and project level using
project analysis and programme analysis of HDM-4 tool along with the method
of prioritization for the selected urban transport network have been presented in

this chapter.

Chapter — 5:- Presents the Road Pavement Condition Index calculation for all

the ten road sections of Bilaspur district.
Chapter — 6:- Summarizes the conclusions drawn out on the basis of the

present study. Some recommendations for further scope of research in this area

are also given in this Chapter.
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CHAPTER 02
LITERATURE REVIEW

2.1 INTRODUCTION

This chapter summarizes the studies that are pertinent to the current project. The
progress made so far in implementing the PMMS in India, as well as the international
PMMS scenarios, have been reviewed. To keep up with the latest techniques used for
modeling the different components of PMMS, such as pavement evaluation, pavement
performance prediction, resource allocation optimization, pavement drainage, and
maintenance prioritization methods, an extensive literature survey was conducted and

presented here.

2.2 LITERATURE REVIEW

Tavakoli et al. (1992) presented a PMMS for small communities for supporting
the decision of scheduling and budgeting of various levels for the repair of
roadways. This was a based on guidelines of "Road Surface Management for Local
Government" manual for the U.S. Department of Transportation. They had

considered the following data base:

e Section identification (Section number, name, functional class, jurisdiction)

e Pavement characteristics (type, width, drainage system, curb height, number
ofinlets)

e Traffic flow (average daily traffic, % trucks etc.)

e Utilities and historical information.

Shah et al. (2013) developed a combined Overall Pavement Condition Index
(OPCI) based upon distress data collected for the selected network of Noida roads.
The study area consisted of 10 road sections constituting 29.92 km of Noida city.
The methodology included identification of urban road sections, pavement distress
data collection, development of individual distress index and finally developing a

combined OPCI for the network.
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The four performance indices viz. Pavement Condition Distress Index
(PCIDistress), Pavement Condition Roughness Index (PCIRoughness), Pavement
Condition Structural Capacity Index (PCIStructure) and Pavement Condition Skid

Resistance Index (PCISkid) were developed individually.

Thube (2013) developed and calibrated HDM-4 pavement deterioration models for
Indian roads. These models were developed for thin-surfaced roads of India and
they claimed that these models can be adjusted to any type of terrains by
varying the values of calibrated factors of distress type. They had collected data
for all the schemes (like plain, rolling and mountains) from the Uttarakhand, India.
The data was collected in terms of cracking, ravelling, rut depth, pothole, edge
break and roughness progression. They had identified various road sections of
selected state and data had been collected during two continuous years (2004-
2005). The sample road sections consist of 1 km length and cracking, ravelling,
potholes and edge break had been measured by visual condition survey. Their
proposed procedure for calibration of pavement performance models was based on
the coefficient between the observed years of occurrence as distress to the years of
occurrence as predicted by the uncalibrated models and for progression models, it
had been done by minimizing the squares of differences between the observed data
or sum of differences between the estimated and observed data or sum of squared

differences. Their calibration results revealed that:

e The pothole distress was same as with the default values of HDM-4 for all
terrains.

e The cracking progression was 77% slower than predicted by

default values of HDM-4for all terrains.

e The ravelling progression was 66%, 73% and 46% slower than as
predicted by default values of HDM-4 in plain, rolling and

mountainous terrains.
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e The rate of edge break was about 39%, 56% slower and 1.65
times faster that was predicted by default values of HDM-4 for

plain, rolling and mountainous terrains.

e The rut depth progression was 2.7, 2.17 and 1.5 times faster than
predicted by default values of HDM-4 for plain, rolling and
mountainous terrains.

e The pothole progression was about 94%, 84% and 94% slower
than predicted by default values of HDM-4 for plain, rolling and

mountainous terrains.

They also claimed that HDM-4 pavement deterioration models in their study can
be used for the optimal maintenance of low volume roads and recommended that

these can be used in other parts of India also.

2.2.1 Development of PMMS using HDM-4

HDM-4 (Highway Development and Management) model is a pavement
maintenance management tool which acts as a decision making tool for estimating
the economic or engineering entities of road investment projects. Calibration
factors are used for analysis in the HDM-4 model in case of local conditions to get
accurate results for the predication of pavement performance by measuring various
pavement distresses like cracking, potholes, ravelling, rutting & roughness.
Research work of various authors has been discussed below regarding use of HDM

modules for predicting the pavement deterioration for various categories of road.

Aggarwal et al. (2004) developed and calibrated the pavement management
system for local conditions and they claimed that this system will assist engineers
while maintaining the pavements. They used HDM-4 model for this purpose and
taken 10 years (2003-2012) of analysis period.
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They used 22 sections of national highways. They claimed that to maintain the
highway at optimum serviceability level, the sum of 1475.87 million rupees had
been required and the available budget was just 60% of the required budget.
They also prepared priority ranking list of selected sections. They also concluded
in their study that there was not much change in the roughness value if the delay
was of any one year, but value will rise 6m/km IRI, if it would be delayed for next

two years. This will further give a drastic increase in the VOC for the road users.

Jain et al. (2005) calibrated the HDM-4 pavement deterioration models for a
National Highway Network which was located in the Uttar Pradesh and
Uttaranchal states of India. The data was collected for potholing, ravelling,
cracking, and roughness. They analyzed, and used for the calibration of HDM-4
pavement deterioration model. They monitored and measured the performance
sections for a continuous period of 3 to 5 years. This gave way to the pavement
performance prediction models for the major modes involved in distress, which
includes cracking, potholes, raveling , and roughness which were the most
significant from the view point of road maintenance and road user cost
considerations. Four types of distress progression models were validated which
used a percentage variable and regression coefficient, included:

* Cracking progression model;
* Ravelling progression model;
* Pothole progression model; and

* Roughness progression model.

They claimed that their study gave the HDM-4 deterioration models which were
calibrated for the Indian National Highway Network, could be used for other
developing countries as well having similar soil types, traffic characteristics,

climatic conditions, pavement composition and terrain type.
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Jain et al. (2013) developed an optimum maintenance and rehabilitation strategy
using HDM-4 on the multilane highways from northern region of India. The
implementation criteria had been selected according to the Indian guidelines on

pavement maintenance. Input data had been collected and entered in the form of:

e road network data,
e vehicle fleet data and

e work standards

They considered five factors for evaluation also, that were, ravelling, potholes,
cracks, rutting and patching. They proposed five M&R alternative strategies.
Economic analysis had been done for NH-24 for 8 road sections. They concluded
that alternative 3 (i.e., resealing and overlay, 25mm SDBC reseal + overlay of
40mm BC + IRI = 2.8 m/km) for Noida-Greater Noida Expressway and alternative
2 (i.e., Thick overlay, overlay of 40mm BC, IRI > 2.8 m/km) was considered best

for NH- 24 road sections.

Deori et al. (2016) carried out a study to calculate calibration of inbuilt distress
models of Highway Development and Management (HDM-4) tool for Indian
conditions and then Validation of calibration factors through similar pavement
layer composition with different traffic scenario for different environmental and
climatic zones of India by considering 23 sections on a National Highway
Development Programme Road project and Determination of realistic and logical
calibration factors for different inbuilt distress models in HDM-4 where modified
bituminous mixes are used in surface course and they concluded that the selected
test sections in this study cover almost entire country from east to west and north to
south including the variations in climatic and environmental conditions, traffic
loading and the prevailing pavement layer compositions and can be adopted for
other high-speed corridors, viz. national highways of the country based on climatic

conditions.
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Adlinge S. Sharad et al. (2013) In terms of reducing serviceability caused mainly
by the creation of cracks and ruts, pavement failure was identified. The author
described modules on the number of projects in India learned from pavement

failures and issues encountered in recent years.

Different pavement maintenance strategies and initiatives that will help enhance
the serviceable life of the pavements have been addressed on the basis of previous

experience.

It was concluded that a major cause of cracking is the rapid increase in traffic
loading, especially on new roads where the design is focused on lower traffic, the
provision of weak shoulders leads to edge failure and poor sub-grade corrugation
effects on the surface. Bad drainage was also considered as the key issue causing

the maximum pavement surface failure.

Katkar R. S et al. (2014) investigated the ultimate aim of the Maintenance
Management System (MMS) is to maximize the resources needed to update this
utility. 70 pavements were studied and the relationship between the quality of the

pavement and the corresponding cost of maintenance was given.

The results of the research include a clear and practical technique for categorizing
the condition of the pavement in terms of repair cost. They developed a value for
pavement quantification on a scale of 7-1, 7 being the new pavement condition,

and 1 being the poor condition.

Zumrawi MLE. Magdi (2015) The analysis of traffic volume and data on riding
quality were also considered. It was concluded that the degree and quantity of
cracking and patching values play a vital role in the pavement condition index
(PCI) does not require any priority-based maintenance operation and pavements
with lower pavement condition index requires maintenance on priority. It was
concluded that the emphasis should be on developing guidelines that are versatile
enough for use in a variety of circumstances that are systematic, straightforward

and easy to comprehend.
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Andrei Radu et al. (2015) using basic pavement condition metrics, assessed the
efficiency of flexible pavements. The pavement serviceability index (PSI),
pavement condition index (PCI), skid resistance (SR) and pavement damage were
different parameters used in the analysis (consumed life). The PSI was assessed
using the AASHTO road test. That ranges from 0-5.0 being the worst pavement

condition and the best condition being 5.

The entire pavement is first divided into small sample units for the pavement
condition index (PCI) and determined by deduct values and correlated correction
curves, SR by the skid resistance tester and pavement damage is a measure of the
percentage of life absorbed at any given moment during the pavement's service
life. Some ratings for these versatile pavements and suitable treatments were

provided after operating on all these parameters.

Shah et al.(2016) aimed to maximising the NPV and minimisation of the cost
to achieve target international roughness index and carried out analysis of 21 urban
pavement sections. They calculated traffic for motorized and Non-motorized traffic
along with characteristics deflection. They reported the variability in roughness
3.21 - 5.65 IRI m/km, deflection 1.287mm - 2.873 mm and considered roughness
as primary controlling factor for activating provisions of overlays and
strengthening of the pavement.
They revealed that economic analysis for design period of 10 years and they had
done work to maximize NPV for 5 sections of urban road with thin overlay of
25mm SDBC, for 2 sections thin overlay of 40mm BC and for remaining sections
of the road network with 50 mm DBM and 40 mm BC. They revealed that NPV
and minimum cost for targeted IRI was considered as best alternative. They
concluded that:

e When the criterion of maximizing NPV had been used, then the

best possible treatment applied on the road network depending on

the level of maintenance.

e When the criterion of minimizing costs for target IRI was
consider, the ' strengthen with 50mm DBM + 40mm BC' came out
as the best investment alternative because it can keep the entire

road network at an acceptable condition.
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2.3 GAPS IN PRESENT STUDY

From the literature review on various components of PMMS following gaps

have been identified:

1. It has been determined that a comprehensive PMMS is required, one that
incorporates all of the components and can be implemented effectively

by urban development authorities.

2. To have an accurate and faster data gathering for an efficient PMMS,
advanced mechanisms and automated data collection equipment should

be implemented.

3.The HDM-4 Highest Level Calibration of Road Deterioration and
Maintenance Effects (RDME) models for urban roads have not been
included, which should be considered for an efficient urban PMMS for
India that will have a wide range of practical applications in managing

India's road infrastructure.

4.There are only few studies being implemented on Hilly Terrains and
similarly the calibration factors are also not yet specifically designed for

Indian Mountainous Roads.

5. GIS application for PMMS needs to be implemented for the selected
road network so that the database related to road conditions can be
continuously updated and the developed pavement maintenance
management system can be more effectively implemented by the

highway authorities.
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2.4 SUMMARY

Different organizations and pavement management practitioners have defined the
Pavement Maintenance Management System in various ways. Over the last three
decades, there have been a number of significant milestones in the growth of

pavement management systems.

Many highway development authorities in developed countries are now using
systematic and scientific methods to determine pavement condition throughout the
design life of the pavements and schedule maintenance activities in response to
real-world situations by establishing appropriate intervention criteria in order to
maintain highway infrastructure in the desired serviceability conditions while

staying within budget constraints.

PMMS is in varying stages of implementation in many developing countries, with
different methodologies depending on the needs and difficulties of each country.
GIS, ANN, GA, and other cutting-edge technologies are being employed to
improve the pavement management process. To schedule repair efforts, many
transportation agencies throughout the world have created pavement performance
prediction systems, although they are not universally approved. HDM-4, on the

other hand, could be an exception.

HDM-4 has been recommended as the best PMMS software for developing
pavement maintenance management systems as a decision-making tool for an
identified road network by properly calibrating the various pavement deterioration
models according to the local conditions, especially for small to medium-sized

cities in India where there is a major constraint on the monetary-resources.
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CHAPTER 03

METHODOLOGY AND DATA COLLECTION

3.1 GENERAL

This chapter describes the data collection and methodology used to create the
Pavement Maintenance Management System (PMMS). All modules and processes
involved in the systematic and scientific development and implementation of a
PMMS are included in the methodology for developing a PMMS. The

methodology and data base collection for developing the maintenance management

system have been discussed in this chapter.

3.2 METHODOLOGY FOR DEVELOPING PMMS

An effective PMMS is dependent on database accuracy, integrity, reliability, and,

most importantly, completeness. The database should be organized in such a way

that data can be easily retrieved for successful analysis.

Identification and Selection of District Headquarters Road Sections of Himachal Pradesh
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Fig. 3.1: Methodology to develop PMMS for DHQ Roads.
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3.3 IDENTIFICATION AND SELECTION OF DHQs ROAD SECTIONS OF
HIMACHAL PRADESH

The Government of Himachal Pradesh, in-order to address the issues of unplanned
and haphazard development of its major towns has taken up a comprehensive study
to develop retrofit designs and development plans to address the issues. With this
objective, Himachal Pradesh Road and Infrastructure Development Corporation
Limited (HPRIDC) has initiated the preparation of a comprehensive urban road
improvement plan for eight major District Head Quarters (DHQs) of the state with
a view to improve the Urban Infrastructure of these towns.
The eight district DHQs taken up for the study are:

» Bilaspur
Chamba
Hamirpur
Kullu
Mandi
Solan
Nahan
Una

YV V V V V V V¥V

3.4 URBAN ROAD NETWORK PLAN - DISTRICT HEAD QUARTER,
BILASPUR

Bilaspur is the district headquarters of Bilaspur district in the state of Himachal
Pradesh. The town lies at foot of Bandla hill’s and near the reservoir of Gobind
Sagar on the Sutlej River at an elevation of 673 meters above sea level. The
geographical area of the district is 1167 sq.km which covers 2.1% area of the state.
The district lies between north latitude 31°12°30” and 33°5°45” and east longitude
76°23°30” and 76°55°40”. It is predominately situated in the lower Satluj valley in

the outer hills.

It’s bounded on the North by Mandi and Hamirpur districts, on the west by Una
and Hamirpur districts, on the south by Nalagarh and Arki tehsil of Solan district
and towards south-west by the Roopnagar district of Punjab thereby giving it an

oblong configuration.
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Altitude in the district vary from 1944 meters at the highest point is peak of Dhar
Bahadurpur point to about 305 meters at the lowest. The town is regarded as the
first planned hill town of the country. The study area is limited to the District Head
Quarter (DHQ) limits of Bilaspur district.
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Fig.3.2: Map of Urban Road Network of Bilaspur (H.P. India)

3.5 DETAILS OF DATA REQUIRED

The required data were collected in such a way that they directly or in their derived

form should meet the requirements of HDM-4 system.

Data collection required were divided into four categories, which are as follows:

e Road Network Data
e Vehicle Fleet Data
e Maintenance and Rehabilitation Works Data

e Costs Data
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Road Network data refer to inventory data, pavement history data, pavement condition
data etc. Vehicle Fleet data include representation of vehicles with their basic
characteristics. Maintenance and Rehabilitation Works data refer to details of
maintenance activities for the road section. Costs data include road user cost data and
maintenance works cost data. Detailed description of each data collection category, their
procedure for collecting the data and equipments used for the same have been discussed

in further sections.

3.6 ROAD NETWORK DATA COLLECTION
3.6.1 General

According to the data requirements of HDM-4, the road network data collection was
carried out for all the sections. The road network data collection was divided into four

components.

In order to adapt HDM-4 for use in the study area, the various road network elements

have been defined as given below:

3.6.1.1 Road Inventory Data

The inventory data includes the following details about the selected road sections:
@) Name and Category of road

(1) Carriageway width

(iii) Shoulder width

(v) Drainage condition

The above data was collected from visual inspection of the pavement sections, as well as
from the H.P.P.W.D, Bilaspur.

3.6.1.2 Traffic Volume Data

Traffic volume counts are conducted manually for 72 hours consecutively by engaging
adequate number of enumerators in individual road section. In HDM-4 model, traffic
data is entered in the form of Annual Average Daily Traffic (AADT). Instead of
expressing AADT in PCU unit, AADT is expressed in PCSE unit in HDM-4. PCSE
(Passenger Car Space Equivalent) is termed as the differences in space occupied by
each vehicle based on its size (length of vehicle) as compared with that of standard
vehicle (car).AADT for each section were calculated by summing up the products of
number of individual vehicle and its PCSE factor.
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3.6.1.3 Pavement History Data
Pavement History data such as pavement type, year of last construction, surfacing and

maintenance were collected from H.P.P.W.D and Municipal Corporation of Bilaspur.

3.6.1.4 Pavement Functional and Structural Evaluation Data
The structural evaluation was undertaken to assess the pavement’s structural ability to
receive wheel loads plying over it. Measurement of rebound deflection comes under
this category. Higher the rebound deflection, poor will be the structural capacity and
performance. Use of Falling Weight Deflectometer deflection method for evaluating

the structural condition of the flexible pavement was incorporated.

3.6.1.5 Speed flow type

In the study, the speed flow type on selected road sections varied from ‘Single Lane

Standard’ to Two Lane Standard.

3.6.1.6 Climate zone

One climate zone namely ‘North India Mountain’, has been defined on the basis of
temperature (mean annual temperature) and rainfall (mean annual precipitation)
characteristics of the study area i.e. Bilaspur town. Mean annual temperature is 18.9 “C
and Mean annual precipitation is 1078 mm for Bilaspur town (source: Climate-

Data.org).

3.6.2 Road Inventory Data

The inventory data includes the following details about the selected road sections:

(1) Name and Category of road
(i1) Carriageway width
(ii1) Shoulder width

(@iv) Drainage condition

The above data was collected from visual inspection of the pavement sections, as well

as from the Public Works Department, Bilaspur.
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Drainage Condition Data: Data regarding side drainage condition on the road sections
was collected on the basis of visual inspection and local public opinion. Drainage
condition was classified as excellent, good, fair, poor, very poor based on the

relationship between drainage time and drainage quality and condition of drains.

Lined drains have been provided in BIL-PWD-002 and BIL-PWD-004. There is no
provision of drain in BIL-PWD-006 and also drain is not required in this section. There
are choked lined drains in BIL-PWD-008 road section. Table 3.1 shows the drainage

condition of selected road sections.

Table 3.1: Relationship between Drainage Time and Drainage Quality

Drainage Quality Excellent Good Fair Poor Very Poor

Free water Removed Within 2 hours 12 hours lday |3day |>3days

Table 3.2: Drainage Condition of Selected Road Sections

Section ID Section Name Drainage Condition

BIL-PWD- LOWER NIHAL ROAD Good
GURUDWAR TO

001 INDUSTRIAL AREA

BIL-PWD- LOWER NIHAL Good
INDUSTRIAL AREA

002 TO Govt. ITI ROAD

BIL-PWD- BILASPUR FIRE Excellent
STATION TO LOWER

003 NIHAL

BIL-PWD- COLLEGE CHOWK Excellent
TO Govt. SENIOR

004 SECONDRY SCHOOL
NIHAL

BIL-PWD- LINK ROAD FROM Fair
NH TOWARDS

005 DHOLRA GUEST
HOUSE

BIL-PWD- LINK ROAD NEAR NIL
DRDA OFFICE

006 TOWARDS
POLLUTION
CONTROL BOARD

BIL-PWD- HP STATE Good
POLLUTION

007 CONTROL BOARD

BIL-PWD- ROAD FROM NH Poor

008 TOWARDS EE OFFICE

BIL-PWD- COURT ROAD NEAR Fair
PURNAM MALL

009 CROSSING DC
OFFICE TO HOSPITAL

BIL-PWD- LINK ROAD FROM Poor
WAR MEMORIAL

010 JUNCTION TOWARDS
HOSPITAL
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3.6.3 Traffic Volume Data

In HDM-4 model, Traffic data is entered in the form of Annual Average Daily Traffic
(AADT). Instead of expressing AADT in PCU unit, AADT is expressed in PCSE unit in
HDM-4. PCSE (Passenger Car Space Equivalent) is termed as the differences in space
occupied by each vehicle based on its size (length of vehicle) as compared with that of

standard vehicle (car).

AADT for each section were calculated by summing up the products of number of
individual vehicle and its PCSE factor. Table 3.3 shows the traffic volume of each road
section in terms of AADT. As per HDM-4 model, section having traffic volume more
than 10,000 AADT is considered as High traffic volume section, section having in
between 6,000 to 10,000 AADT as Medium traffic volume section and less than 6,000

AADT as Low traffic volume section.

Table 3.3: Traffic Volume Data of Road Sections

Section Motorized AADT Non-Motorized AADT year Traffic
ID (in PCSE) AADT Volume
BIL- 14,232 2,019 2021 High
PWD-001

BIL-PWD- 16,550 3,320 2021 High

002
BIL- 11,856 2,247 2021 High
PWD-003
BIL- 6,120 1,885 2021 Medium
PWD-004
BIL- 18,580 1,100 2021 High
PWD-005
BIL- 4,325 640 2021 Low
PWD-006
BIL- 7,289 1,500 2021 Medium
PWD-007
BIL- 10,500 2,450 2021 High
PWD-008
BIL- 12,752 2,274 2021 High
PWD-009
BIL- 5,745 782 2021 Low
PWD-010
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3.6.4 Pavement History Data

Pavement History data as given in Table 3.4 such as pavement type, year of last
construction, surfacing and maintenance were collected from PWD and Municipal

Corporation of Bilaspur Town.

Table 3.4: Pavement History Data
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BIL- Bituminous 75 50 2019 2018 2017 2014
PWD- Concret
001
e (BO)
BIL- Bituminous 75 50 2019 2018 2017 2014
PWD- Concret
002
e (BO)
BIL- Bituminous 75 50 2019 2019 2017 2014
PWD- Concrete
003
(BC)
BIL- Bituminous 75 50 2019 2018 2016 2015
PWD- Concrete
004
(BC)
BIL- Bituminous 75 50 2019 2018 2016 2016
PWD- | Concrete
005 (BC)
BIL- Bituminous 75 50 2019 2018 2018 2014
PWD- | Concrete
006 (BC)
BIL- Bituminous 75 50 2019 2018 2016 2015
PWD- | Concrete
007 (BC)
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BIL- Bituminous 75 50 2019 2019 2017 2014
PWD- | Concrete

008 (BC)

BIL- Bituminous 75 50 2019 2019 2018 2016
PWD- | Concrete

009 (BC)

BIL- Bituminous 75 50 2019 2018 2016 2014
PWD- | Concrete

3.6.5 Pavement Functional and Structural Evaluation Data

Functional evaluation of pavements consists of collection of road condition data related
to surface distress (crack area and cracking pattern, ravelled area, pothole area), rut
depth, surface roughness, skid resistance and type of surface texture. In this study,

cracking, potholes, rutting, and roughness have been measured for each road section.

3.6.5.1Cracking Measurement

A number of representative test sections of length 100 m were chosen for cracking
measurements for each pavement section. Cracking (Alligator, Longitudinal &
Transverse) were visually inspected. In case of alligator cracking, the area covered
under the distress was marked in the form of rectangular box with chalk on ground and
measured with tape. In case of longitudinal and transverse cracks, effective width was
taken as 50 cm and actual length was measured. Cracked area was expressed as

percentage of total pavement area.

3.6.5.2 Roughness Measurement

Road Roughness refers to surface irregularities in the longitudinal direction. Roughness
is an important pavement evaluation parameter because it affects not only ride quality
but also vehicle delay costs, fuel consumption and maintenance costs. Roughness was
measured with Fifth Wheel Bump Integrator or simply known as Roughometer. The
specifications for test are as follow: operational speed of the vehicle should be 32 + 12

km/hr. The tyre pressure should be 2.1 kg/cm®.
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The equipment was towed by Pick-up and operated with speed 32 kmph. The equipment
towed by Pick-up was made to run over wheel path (0.9 m distance from lane edge for

two- lane and 1.5 m distance from lane edge for four-lane).

Accumulated Bumps (in cm) were noted down corresponding to length travelled (in
km) for each road section from display panel board connected with equipment.

Unevenness Index (in cm/km) was calculated for each section by following equation.

Unevenness Index (Ul) = Bumps in cm / Length travelled (km)

In HDM-4, Roughness is inputted in the form of International Roughness Index (IRI,
m/km). Above Unevenness Index (UI) value was converted into International
Roughness Index (IRI in m/km) by using the following equation [Odoki and Kerali,
2000].

Ul = 630 * IRI 112

Where, Ul is Unevenness Index in mm/km. IRI is International Roughness Index in
m/km unit. Table 3.5 shows the calculated values of Unevenness Index (UI) and

International Roughness Index (IRI) for each road section.

Table 3.5: Determination of UI and IRI values for all Sections

Section ID | Bumps Length Unevenness International
(cm) Travelled | Index in Roughness Index
(km) (cm/km) (IRI)
BIL-PWD- 136 1.000 136 1.99
001
BIL-PWD- 157 1.000 157 2.25
002
BIL-PWD- 149 1.000 149 2.16
003
BIL-PWD- 285 1.000 285 3.85
004
BIL-PWD- 142 1.000 142 2.06
005
BIL-PWD- 255 1.000 255 3.15
006
BIL-PWD- 175 1.000 175 2.55
007
BIL-PWD- 132 1.000 132 1.80
008
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BIL-PWD- | 245 1.000 245 3.05
009

BIL-PWD- | 139 1.000 139 2.02
010

Table 3.6: Functional Evaluation Data of Selected Road Sections

Section ID Condition Roughness Cracking Potholes Rut Depth
Year IRI (m/km) Area (%) (no./km) (mm)

BIL-PWD- 2021 1.99 2.86 01 3.8

001

BIL-PWD- 2021 2.25 3.69 02 5.2

002

BIL-PWD- 2021 2.16 3.32 00 4.3

003

BIL-PWD- 2021 3.85 4.05 12 3.32

004

BIL-PWD- 2021 2.06 2.75 02 5.5

005

BIL-PWD- 2021 3.15 3.99 10 3.05

006

BIL-PWD- 2021 2.55 2.95 04 4.56

007

BIL-PWD- 2021 1.80 2.65 02 2.45

008

BIL-PWD- 2021 3.05 3.25 14 4.02

009

BIL-PWD- 2021 2.02 3.13 02 2.75

010

3.7 VEHICLE FLEET DATA

3.7.1 General

A typical traffic flow in Indian urban roads comprises of both Motorized vehicles (MT)

and Non-Motorized vehicles (NMT). Both vehicles contribute in traffic flow of Bilaspur

town. A typical vehicle fleet in India may be considered to be comprised of the

following vehicles for the purpose of economic analysis to be conducted in PMMS.
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The same set of vehicles has also been identified as representative vehicle fleet for

Indian conditions [Archondo et al., 2003]. These vehicles are:

Motorized (MT) Vehicles

3.7.1.1 Two Wheeler
3.7.1.2 Car/Jeep/Van
3.7.1.3 Bus(Medium)
3.7.1.4 Mini Truck
3.7.1.5 Mini Bus
3.7.1.6 Truck

3.7.1.7 Auto Rickshaw
3.7.1.8 Tractor/Trolley

Non-Motorized Vehicles

3.7.1.9 Cycle
3.7.1.10 Man Driven Rickshaw
3.7.1.11 Cart

3.7.2 Vehicle Fleet Database

The basic vehicle fleet data items [Archondo et al., 2003], which are required to be
specified such as Passenger Car Space Equivalent (PCSE), Number of wheels, Number
of axles, Annual number of kilometers driven, Vehicle service life, Operating weight,
Equivalent Standard Axle Load Factor (ESALF) etc. for each vehicle type, are given in
Table 3.7 and Table 3.8.

All these data items are incorporated in the vehicle fleet database created in HDM-4.
This vehicle fleet database has been named as ‘Bilaspur Town Vehicle Fleet’ for all

future references and uses.
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Table 3.7: Basic Data of Motorized (MT) Vehicles included in Bilaspur Town Vehicle

Fleet.
Vehicle Two- Trucks Mini | Bus Mini Car/ | Tractor
Characteristics | wheeler | (Medium) | Truck | (Medium | Bus Jeep/ | /Trolley
) Van
PCSE 0.5 1.4 1.3 1.5 1.2 1 1.3
Number of
2 6 4 6 4 4 4
Wheels
Number of
2 2 2 2 2 2 2
Axles
Annual no.
of kilometers 6000 85000 60000 | 100000 | 60000 |30000 60000
Driven
Annual no. of
150 2300 2000 2250 2000 | 1200 2000
Working Hours
Vehicle Service
7 9 9 8 9 10 9
Life (Years)
No. of
1 0 0 40 20 4 0
Passengers
Operating
Weight 0.25 16.2 7.75 13.5 7.75 1.20 7.75
(Tonnes)
ESALF 6.44 0.34 0.55 0.02 0.0 3.6
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Table 3.8: Basic Data of Non-Motorized (NMT) Vehicles in Bilaspur Town Vehicle

Fleet

Vehicle Characteristics Cycle Man-Driven Rickshaw Cart
PCSE - - -
Number of Wheels 2 3 2
Number of Axles 2 2 1
Annual no. of kilometers Driven 2500 7200 7200
Annual no. of Working Hours 150 500 500
Vehicle Service Life (Years) 10 6 6
No. of Passengers 0 2 2
Operating Weight (Tonnes) 0.1 .30 0.4
ESALF 0 0 0

3.7.3 Vehicular Composition and Annual Growth Rate

The vehicular composition for both Motorized (MT) and Non-Motorized (NMT)

vehicles was found out from volume count data. The average annual growth rate of

vehicles in Bilaspur has been taken as per the Master Plan of Bilaspur District, 2021.

Table 3.9 shows vehicular composition and annual average growth rate.

Table 3.9: Vehicular Composition and Annual Growth Rate

Composition of Traffic Flow (%) Annual
UR-01 UR-02 UR-03 UR-04 Average
Vehicle Type uir TNMT [MT [ NMT | MT | NMT |MT | NwmT | OTOV D
Rate
(%)
Car/Jeep/Van |29.8 |- 324 | 354 333 - 8.5
Mini Bus 39 | 0.6 | 0.6 F - - 3.7
Bus 36 |- 0.8 | 0.8 | - - 4.0
Two Wheeler |39.8 |- 439 41.0 | 49.1 4.2
Mini Truck 2.1 | 1.5 | 1.5 1.5 | 12.5
Truck 34 | 0.8 | - - - 5.0
(Medium)
Tractor/ 26 | 1.5 | 1.5 | 1.5 59
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Trolley

Auto 14.8 | 18.5 19.2 | 14.6 | 5.4
Rickshaw

Cycle - 46 | 49 - 56 | 60 3.4
Man-Driven - 52 50 - 43 - 39 34
Rickshaw

Cart - 2 - 1 - 1 3.4
Total 100 100 | 100 100 100 100 | 100 100

3.8 MAINTENANCE AND REHABILITATION WORKS

3.8.1 Serviceability Levels for Maintenance

The maintenance quality levels, which have been acknowledged in most of the

developed countries, comprises of measuring the service conditions of roads in terms of

some surface defects such as roughness, potholes, cracking, rutting, and skid resistance

etc., to determine a “Serviceability Index” which varies from country to country.

The maintenance serviceability levels for urban roads as per Guidelines for Maintenance

of Primary, Secondary and Urban Roads”, [MORT&H, 2004], are given in Table 3.10.

Table 3.10: Maintenance Serviceability Levels for Urban Roads

Serviceability Levels

S. No. | Serviceability Indicator . Sub-Arterials Other
Arterial Roads
Roads Roads
1. Roughness by Bump 2000 mm/km | 3000 mm/km 4000
Integrator (max. permissible) mm/km
Equivalent IRT* 2.8 m/km 4.0 m/km
5.2 m/km
2. Potholes per km (max. Nil 2-3 4-8
number)
3. Cracking and patching area 5 percent 10 percent 10-15
(max. permissible) percent
4. Rutting — 20 mm (maximum Smm 5-10 mm 10-20 mm
permissible)
5. Skid number (minimum 50 SN 40 SN 35 SN
desirable)

*As per Odoki and Kerali [2000]
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In the present study, all the road sections belong to Other Roads category (Collector
Street and Local Street), so Serviceability Level as required for Other Roads has been

adopted.

3.8.2 Maintenance & Rehabilitation (M&R) Treatments and Strategies

A Maintenance & Rehabilitation (M&R) strategy is a course of activity to be done over
the analysis period for keeping the road section in good condition. Maintenance
activities are usually grouped according to planning managerial and funding
engagements. These have been categorized as Ordinary Repairs (Routine Maintenance)
and Periodic Renewals (Periodic Maintenance) as per the ‘Report of the Committee on

Norms for Maintenance of Roads in India’ [MORT&H 2001b].

3.8.2.1 Routine Maintenance

Routine maintenance actions consist of works that may need to be undertaken each year
or at intervals during the course of a year. The routine maintenance works on
bituminous pavements, whose effects on the pavement performance are mainly

comprised of the following two operations: Crack Sealing and Pothole Patching.

3.8.2.1.1 Crack Sealing

This is a scheduled type of routine maintenance treatment, which is used to treat wide
structural cracking. Crack sealing has several effects on future deterioration modeling.
Crack sealing will not improve initial pavement ride ability. However, crack sealing is
not applicable if area of wide structural cracking exceeds 20%. This treatment comprises

of application of a slurry seal [Specifications clause 516 of MORT&H 2001d].

3.82.1.2  Patching

This is also a scheduled type, which is used to repair the following surface distresses:
potholing, wide structural cracking, and ravelling. The treatment for pothole patching
consists of placing a bituminous mix, either of the same quality as the existing
bituminous surface or a superior mix after trimming the potholes to proper shape and

depth, and side painting with tack coat.
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This is followed by compaction [Specifications clause 3004.1 of MORT&H 2001d].
Patching of ravelled area only prevents the formation of potholes from those areas. It

has no effect on future pavement deterioration.

3.8.2.2 Periodic Maintenance

Periodic maintenance of road pavements is defined as works that are planned to be
undertaken at intervals of several years. These are normally on a large scale and require
specialized equipments and skilled resources. The periodic maintenance works on
bituminous roads comprise the following: Preventive Treatment, Resealing or

Resurfacing, Overlay, Mill and Replace, and Reconstruction.

3.8.2.3 Preventive Treatment
The purpose of preventive treatment is to delay the initiation or progression of structural
cracking and ravelling. Preventive treatment refers to addition of a thin film of surfacing
to improve road quality and waterproofing. This is applied at the first signs of cracking
or ravelling distress, but it is not applied once the area of all cracking and ravelling
exceed 5% and 10% respectively. Preventive treatment generally consists of a
Rejuvenation and Fog seal. Rejuvenation is a light application of solvents, oils or
plasticizers sprayed onto the pavement surface. Fog seal is a light sprayed application of
bitumen, which covers an oxidized binder with a fresh, less viscous material

[Specifications clause 3004.2 of MORT&H 2001d].

3.8.2.3.1 Resealing

Resealing can be used for low levels of surface distress such as cracking and ravelling,
or roughness. For bituminous pavements, it consists of thin surfacing such as
Bituminous Surface Dressing (BSD) to seal the entire road surface against the ingress
of water and to improve skid resistance. It neither increases the strength of the
pavement considerably nor improves the riding quality significantly. A single coat
bituminous surface dressing (SBSD) consists of a single application of bituminous
binder material followed by aggregate spreading and rolling [Specifications clause 508

of MORT&H 2001d].
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When the surface dressing is similarly done in two layers it is termed as Double
Bituminous Surface Dressing (DBSD). Resealing works reset surface distresses to zero
and thereafter the pavement condition is considered to be new. The default effects of all
types of resealing on some distresses [Morosiuk et al., 2001] are specified as follow:

(i) Roughness resets to 2.0 m/km IRI

(i) Texture depth resets to 2.5 mm

(1) Skid resistance resets to 0.6 SFC50

3.8.2.3.2 Overlay

For bituminous pavements, it refers to the addition of thick surfacing such as
Bituminous Concrete (BC) to restore or improve the structural integrity and to increase
the strength of the pavement [Specifications clause 512 of MORT&H 2001d].

Bituminous Concrete is a thoroughly compacted, dense graded bituminous mix.

The Semi-dense Bituminous Concrete (SDBC) has comparatively lower binder content
and the aggregate used are less dense-graded [Specifications clause 511 of MORT&H
2001d]. Apart from these, lesser quality mix Premix Carpet (PC) [Specifications clause
509 of MORT&H 2001d] can also be used depending upon the relative importance and
traffic volume carried by the road.

The default effects of bituminous concrete overlays on distresses [Morosiuk et al.,

2001] are specified as follows:

() The rut depth gets reduced to 15 % of the original value
(1)) Roughness resets to 2.0 m/km IRI
(ii1) Texture depth resets to 0.7 mm

(iv) Skid resistance resets to 0.5 SFC50
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3.8.2.3.3 Mill and Replace

This treatment involves the removal of all or part of the existing bituminous surfacing
and replacing it with a new bituminous surfacing. It is usually performed to correct
defects that have occurred mainly due to poor construction quality or where the road
surface levels need to comply with some requirements related to kerb height and

drainage facilities in urban roads.

Mill and Replace works resets surface distresses and rut depth to zero, and thereafter it
is assumed that the pavement behaves as if new. The default effects of bituminous
concrete overlays on roughness, texture depth and skid resistance [Morosiuk et al.,

2001] are specified as follows:

(i) Roughness resets to 2.0 m/km IRI
(i) Texture depth resets to 2.5 mm

(i) Skid resistance resets to 0.5 SFC50

3.8.2.3.4 Reconstruction

Pavement reconstruction refers to all works that requires the re-specification of the
surfacing and road base types. Reconstruction as a maintenance standard is specified
using the following: New pavement type, surface material, base material, surfacing
thickness, base thickness, structural number (SN) of pavement of the layers above the
subgrade, relative compaction and construction defect indicators. After reconstruction,
the pavement type is reset to new type as specified. Surface distresses (i.e. edge break,
potholing, cracking and ravelling) and mean rut depth are all reset to zero. The
roughness, texture depth and skid resistance values are specified to reset in accordance

with those for Mill and Replace.
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3.9 COSTS DATA

3.9.1 Costs of Maintenance and Rehabilitation (M&R) Works

The “Committee for Maintenance Norms for Roads in India”, has suggested the total
costs for carrying out various types of maintenance and rehabilitation (M&R) works on
bituminous pavements situated in various price zones of the country. This zoning has
been done on the basis of cost of stone metal (stone chips) in that particular region. For
this study, the costs specified for Zone-IV have been taken because it is applicable for

urban Roads [MORT&H 2001b].

3.9.1.1 Cost Updating

The costs given in [MORT&H 2001b] are relevant for the base year 1999-2000. For
including the effect of inflation, these costs are necessitated to be updated for
application in consequent years. This has been made possible by provision of a
mathematical model for annual updation of costs by linking labour component of the
costs with Consumer Price Index (CPI), material component with Wholesale Price
Index (WPI) and machinery component with average price of fuel [MORT&H 2001b].
As per this model, percentage increase in cost for the subsequent years is given by

following equation.
Percentage Increase in cost = [Fr, (I} — 1o)/Ip + F;m (W1 — Wo)/Wo + Fr (f1 — fo)/fo] * 100

Where, F, Fy and Fr are the labour component, material component and machinery
component of the cost respectively. I;, W, and f; are the annual average CPI, WPI and
fuel price respectively for the stated year (2015-16 in the present study) and Iy, Wy and fy
are the annual average CPI, WPI and fuel price respectively for the base year 1999-

2000. The values of these components are given in Table 4.15.
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Table 3.11: Price Indices and Fuel Price

Item Year
2009-2010 2021-
2022
Consumer Price Index (CPI) 425 689
Wholesale Price Index (WPI) 145 322
Fuel Price in Rupees 10 59

The sources for CPI, WPI and fuel price values are Labour Bureau, Office of Economic

Adviser and Ministry of Petroleum and Natural Gas, Government of India respectively.

On the basis of the above model, the percentage increase in costs for the year 2021-22

over the base year costs has been calculated as follow:

Routine maintenance costs = 125.26%,

Periodic maintenance costs = 205.40%

Costs data for stated year 2021 over the base year 2009-2010 has been updated. Table

3.12 shows updated cost data of maintenance and rehabilitation works and drainage

works as per the discussions held with field engineer, in-charge of the maintenance of

the pavement sections under study.

Table 3.12: Updated Economic Cost Data of M&R Works for year 2021

S. No. Type of M&R Work Cost per sq. m of
Surface Area (in
Rupees)

Routine Maintenance

1. Crack Sealing (All Cracks) 66.4

2. Pothole Patching 84.7

3. Patch Repair 84.7

4. Rutting and Undulation Repair 117.7

5. Tack Coat 13.5
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6. Liquid Seal Coat 68.8
Periodic Maintenance
1 Single Bituminous Surface Dressing (SBSD) 178.5
2 Double Bituminous Surface Dressing (DBSD) 282.7
3. Premix Carpet (20mm PC) 223.2
4 Mix Seal Surfacing (20 mm MSS) 230.6
5 Semi Dense Bituminous Concrete (25mm 208.3
SDBC)
6. Bituminous Concrete (25mm BC) 230.6
7. Bituminous Concrete (40mm BC) 369.0
8. Bituminous Macadam (50mm BM) 370.5
9. Dense Bituminous Macadam ( 75Smm DBM) 614.5
10. | Mill 90mm and Replace with ( BM 50mm + BC 739.4
40mm)
11. 200 mm Wet Mix Macadam + 75 mm Dense 1429.8
Bituminous Macadam + 40mm Bituminous
Concrete

3.9.2 Road User Cost (RUC) Data

Road User Cost (RUC) is one of the most important parameters for analysis of life-cycle
cost of road project. Road User Cost is defined as costs incurred by the vehicle operators
and by the travelling public at large [Jain, 2013]. Total Transport Cost comprises of two
costs i.e. Road Costs (10 — 30%) and Road User Costs (70 -90%). From the RUC range,
it can be stated that RUC plays major role during life cycle cost analysis of road
projects.Road User Costs consists of three components i.e. Vehicle Operating Costs

(VOC), Travel Time Costs (TTC) and Accident Costs (AC).
Road User Cost (RUC) = VOC (55 - 70%) + TTC (20 - 40%) + AC (5 - 10%)

Amongst the above, VOC i1s the dominating component in RUC. VOC is defined as the
price, the user has to spend to move the vehicle per unit distance. RUC mostly depends
upon VOC. In this study, only Vehicle Operating Costs component has been considered.
Vehicle Operating Costs data has been calculated as per IRC SP: 30-2009. Economic

cost (exclusive of tax) has been considered for this study.
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Table 3.13 shows the current vehicle operating cost inputs i.e., of year 2021.

Table 3.13: Current Vehicle Operating Cost Inputs (All Prices in Rupees)

S. No. | VOC Input Economic Cost in Rupees (Exclusive of Tax)
A. Cost of New Vehicle
1. Two-wheeler 45,850
2. Car/Jeep/Van 6,46,900
3. Bus (Medium) 9,34,500
4. Mini Bus 5,53,300
5. Truck (Medium) 9,67,900
6. Mini-Truck 5,53,300
7. Tractor/Trolley 5,53,300
8. Auto Rickshaw 1,80,000
B. Costs of Petroleum Products
1. Petrol (per litre) 24.50
2. Diesel (per litre) 23.6
3. Engine Oil (per litre) 73.5
C. Cost of New Tyres
1. Two-wheeler 850
2. Car/Jeep/Van 2500
3. Bus (Medium) 8500
4, Mini Bus 3950
5. Truck (Medium) 8000
6. Mini-Truck 3950
7. Tractor/Trolley 3950
8. Auto Rickshaw 1500
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Vehicle Operating Costs components like fuel consumption, lubricating oil
consumption, maintenance labour etc. have been calculated using the equations given in
section B.1 of Annexure B of this report referred from clause 6.6, Annex C of IRC SP:
30-2009. In this study, three road sections are of two-lane type and one road section is
of four-lane type. So, calculations have been made corresponding to two-lane type.
Average roughness value has been taken as 3000 mm/km. Rise and Fall (RF) has been
taken as 5 m/km. Rise has been taken as 3 m/km and fall has been taken as 2 m/km. For
the calculation purpose, Mini-truck, Mini-bus and Tractor/trolley have been considered
as Light commercial vehicle. Truck has been considered as Heavy commercial vehicle.

Table 4.18 shows the calculated values of VOC components for all types of vehicle.

Table 3.14: Calculated Values of VOC Components for All Types of Vehicle

Two- | Car/Jeep | Bus Light Heavy
VOC Components Wheeler | /Van Commercial | Commercial
Vehicle Vehicle

Free Speed (km/hr) 42.63 67.88 51.19 53.83 50.00
Fuel Consumption 25.47 56.54 173.52 141.33 183.95
(litre/1000 km)
Lubricating Oil 0.45 2.10 2.07 1.27 2.07
Consumption (litre/1,000
km)
Spare Parts Cost (Rs./km) 7.39 11.64 46.34 25 76.56
Maintenance Labour 4.06 6.40 25.5 9.22 28.27
(Rs./km)
Utility (km/day) 90.33 420 804 147 326
Crew Wages (Rs./km) - - 1.17 4.08 2.20
Annual Overhead 0.25 0.87 0.62 3.41 1.97
(Rs./km)

Congestion Effect: VOC components calculated in Table 4.8 with the help of Annexure
B (section B.1) equations are for uncongested free flow conditions. In case of urban

traffic,
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congestion usually occurs. So, it is important to take account for congestion effect [Clause
6.9, IRC SP: 30-2009]. Equations for Congestion Factors are provided in section B.2 of
Annexure B referred from table 10 of IRC SP: 30-2009. Table 3.15 shows the calculated

values of congestion factors for each type of vehicle.

Table 3.15: Calculated Values of Congestion Factor as per IRC SP: 30-2009

Section | Volume/ Two- Car/Jeep/ Bus | Light Heavy
ID Capacity wheeler Van Commercial | Commercial
Ratio Vehicle vehicle

BIL- 0.9 1.02 1.13 1.79 | 1.8 1.34
PWD-001
BIL- 0.30 1.00 1.08 1.17 | 1.11 1.07
PWD-002
BIL- 0.38 1.00 1.00 1.22 | 1.28 1.43
PWD-003
BIL- 0.38 1.00 1.00 1.22 | 1.28 1.43
PWD-004
Average Congestion |1.00 1.05 1.35 | 1.37 1.32
Factor

Average Congestion Factors have been multiplied with above VOC components to get the
VOC components for congested flow condition. The congested VOC components have
been multiplied with current VOC inputs to get the Vehicle Operating Cost (VOC) values
of each vehicle. Table 3.16 shows the Vehicle Operating Costs data which are directly
going to be entered in HDM-4. All the quantities are in per 1,000 vehicle-km unit.

Economic costs of new cycle, Man-Driven Rickshaw and Cart have been taken as Rs. 2000,
4500 and 6,000. In the present study, Auto Rickshaw is one of the influencing vehicles for
each road section. In vehicle fleet part of HDM-4 model, representation of three-wheeler

type vehicle i.e. Auto Rickshaw has not been covered.
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So, to take account for this vehicle type in HDM-4 model, the Vehicle Operating Cost
relationship between Auto Rickshaw and Car (Medium) has been anticipated as given
below based on author’s interviews with owners/drivers of both categories of vehicles

[Prakash, 2009].

VOC of two numbers of Auto Rickshaw = VOC of 1 Medium Car

So, on the basis of above relationship, vehicle operating costs of Auto Rickshaw have been

calculated.

Table 3.16: Vehicle Operating Costs Data Input per 1,000 vehicle-km

Vehicle Type

Parameter Two- Car/ Bus Mini | Trucks Mini | Tractor

wheeler ;'5‘:“1’1 (Medium) | Bus | (Medium) | Truck | /Trolley
Cost of Fuel 620 1400 5530 4570 5730 4570 4570
(Rupees/ litre)
Cost of 4 16 13 13 20 13 13
Lubricants
(Rupees/litre)
Maintenance 4.06 6.40 25.5 9.22 28.27 9.22 9.22
Labour
(Rupees/hour)
Crew  Wages - - 1.17 4.08 2.20 4.08 4.08
(Rupees/hour)
Annual 0.25 0.91 0.84 4.67 2.60 4.67 4.67
Overhead
Annual Interest 8 8 8 8 8 8 8
(%)
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3.10 ADAPTATION OF HDM-4 MODEL TO INDIAN CONDITION

Since, HDM-4 has been designed to be used in a wide range of environments, it is important
that prior to using HDM-4 the system should be configured and calibrated for local use. The
use of appropriate calibration factors in HDM-4 pavement deterioration models will
facilitate more reliable and rational prediction of pavement deterioration for the highway

network under study.

The pavement deterioration models incorporated in HDM-4 were developed from results
of large field experiments conducted in several countries. Consequently, the default
equations in HDM-4 if used without calibration, would predict pavement performance that
may not accurately match that observed on specific road sections [Bennett and Paterson,

2000].

Jain et al. developed the calibration and adaptation of HDM-4 bituminous road
deterioration models for Indian Conditions. In that study calibration factors were proposed
for National Highway network within the SNP range of 3.0 - 5.5. As in the present study,
SNP range is 4.8 — 5.46. So, the same calibration factors have been used in the present

study as given in Table 3.17 [Jain et al., 2005].

Table 3.17: Calibration Factors for HDM-4 Deterioration Models

Model Description Average Calibration Factor
Cracking Initiation Model K. =0.43
Cracking Progression Model Kepa =1.25
Ravelling Initiation Model K.,;=0.37
Ravelling Progression Model Ky, =0.52
Pothole Initiation Model Kpi =0.45
Pothole Progression Model Kpp = 0.95
Roughness Progression Model K¢ =0.85
Rutting Progression Model K =1.0
Skid Resistance Progression Model K. =1.0
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3.11 SURVEY METHODOLOGY

The engineering surveys and investigations have been carried out on the study area for
pavement evaluation, following the relevant Specifications/Codes to generate adequate
database for preparing the most appropriate proposal for the rehabilitation / upgrading

of the existing network.

The following engineering surveys & investigations were carried out for developing

the study area:

Road Inventory Survey.

Pavement Condition Survey.

Drain Inventory Survey.

Topographic Survey.

Pavement Survey.

Trial Pit and Material Investigation.
Falling Weight Deflectometer Survey.
Structure Inventory and condition Survey.
Land-Use Survey.

Traffic Surveys.

Classified Volume count survey.
Origin — Destination survey.

Turning Movement Count survey.

YV V.V V V V V V V VYV V V V V

Geotechnical Investigations

3.11.1 Road Inventory Survey
A detailed inventory of roads and structures were carried out and data/details of road
inventory were collected, by actual verification & measurements.

The following data were collected in the inventory survey:

» Terrain code - Plain, Rolling, Mountainous, Steep

» Land Use -Built-up/Semi-Built-up
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Width of Right of way — m

>
» Surfacing type - bitumen, Cement Concrete, Paver
» Carriage way width — m
» Shoulders - Left side: Type, Width (m)

Right side: Type, Width (m)
» Road Junctions - Type, Details
» Drainage type - Left side: Type
» Right side: Type
» Footpath Width — m
» Median - Type and Width
» Utilities - Nos.

3.11.2 Pavement Condition Survey

Pavement Investigation is an important aspect of any road improvement project, since
the performance of urban street network directly depends on the performance of its
pavement and the cost of improvement of pavement. The pavement condition survey
was carried out on study area to examine the functional efficiency of the existing

pavement.

Basic pavement distresses on the corridors were measured by visual observation.
Predominant distresses like cracking, ravelling and extent of rutting were noted as
percentage area for every 100 m length of road. Number of potholes for each 100 m

length will be noted.

Apart from these distresses, sections with excessive bitumen flow bleeding and
embankment condition were noted during the survey. The exact nature of various
distresses along with their extent on the existing pavement was noted by visual
observation. Each of the distress was divided into various kinds based on their

severity.
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3.11.2.1 Various Distresses

» Longitudinal Crack - Longitudinal cracks are parallel to the centerline of the
road. Longitudinal cracking in bituminous pavement is usually caused by
alternate wetting and drying beneath the shoulder surface or by improper/weak
joint between adjoining layers of pavement.

» Transverse Crack - Transverse cracks appear in the transverse directions or as
interconnected cracks forming series of large blocks perpendicular to the direction
of the road. Transverse cracking may occur due to the reflection of crack or joint
in an underlying pavement layer. The low temperature brittleness or oxidation of
bitumen and structural failure at concrete base course of such cracking. These are
usually formed due to shrinkage of bituminous mix on account of low
temperature.

» Alligator Crack - It is a series of interconnected cracks, having small irregular
blocks in pavement surface which resemble the skin of an alligator. The size of
irregular cracking shape blocks of cracks varies from less than 30 cm to more.
These distresses are occurring due to inadequate pavement thickness, weakening
of sub-grade or lower layers of the pavement due to ingress of excessive moisture
to pavement and saturation. The above-mentioned cracks may be classified as low
severity, medium severity, and high severity and its ranges for measuring the

distress is mentioned below.

TABLE.3.18: Distress Level and Severity Type

S.No. Description Measurement ranges (mm)
1. Low Severity 1to3
2. Medium Severity 3t06
3. High Severity >6
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> Raveling/ Weathering - Raveling is due to wearing away of the pavement
surface caused by the loss of asphalt binder and dislodged aggregate particles.
Low level raveling indicates that aggregate or binder has started to wear away.
Moderate level raveling indicates that aggregate and/or binder has worn away.
High level raveling indicates that aggregate and/or binder has been considerably

worn away.

> Potholes - Potholes are small bowl-shaped depressions in the pavement surface.
The potholes are counted in numbers and the severity defined based on the depth
of pothole. The pothole depth of 0-25 mm with 200mm wide, 25-50 mm with
500mm wide, more than 50mm and 500mm wide is classified as low, moderate,

and high severity levels respectively.

» Patching - A patch is an area where the original pavement is removed and
replaced by a filler material. Low level patch is provided at places where little
deterioration has occurred. Moderate level patch is provided at places where
pavement is moderately deteriorated and/or moderate spalling is seen around the
edges. High level patch is provided at places where pavement is badly

deteriorated.

3.5.3 Drain Inventory Survey

The detailed inventory of storm water drains structures existing in the study area had
been examined and condition of the drain is recorded. Based on the condition and size
of the drain, proposal of the storm water drain network formulated. The following

details of the storm water drain recorded in the survey:

> Location of the drain
> Size of the drain
» Type of the drain

> Condition of the drain.
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3.5.4 Topographic Surveys

3.11.4.1 General

The main objective of the topographic survey is to capture the essential ground
features at the study area for working out improvements. Topographic survey was
carried out using LIDAR (Light Detection and Ranging - Vehicle mounted)
techniques. Where it is found to be impossible to conduct LiDAR survey, electronic

Total Station was used to capture the Topographic data.

In terrestrial LIDAR capture, the street view is generated using a Leica Pegasus, Two
Mobile LiDAR System, accompanying 360-degree cameras. Wherever required, high
resolution still images could also be captured and used to texture building facades to
make them look photorealistic. The LiDAR survey equipment and the capturing of

details are shown below.

FARO 30 Medium
IxUDARScanners  "anBeScanner with
of80mtrange  30mAnge |

Fig.3.3: Terrestrial LIDAR Survey Equipment.
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Fig 3.4: Typical View of the Drawing Produced from LiDAR Survey

The surveyor was maintaining a field book, in which all relevant observations would
be noted along with field sketches. Before starting topographic survey all the survey
instruments were checked for errors and approved by the site engineer. Qualified,

trained surveyors and LiDAR experts were deployed for carrying out the survey work.

3.11.4.2 Methodology

The methodology followed for the topographic surveys is as follows.

a) Fixing of Permanent Control Pillars and Benchmarks

Identification of suitable location for DGNSS Control Pillars is established at
permanent structure location and closer interval for Mobile LiDAR data processing.

b) Traverse Survey

Traverse survey was carried out by connecting all the Control Pillars and traverse was
closed after fixing of Control Pillars. Ensuring survey networks relate to an accuracy
of 1:20,000 for horizontal control.

¢) Levelling

After fixing Benchmark pillars, control levelling was carried out by connecting all the
DGNSS points. For the purpose of level control, the main DGNSS control pillars were

connected to nearest Survey of India GTS Benchmark. Ensuring closing error on level
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circuit shall not exceed 12VK in mm, where K is distance in km. The closing error is
distributed to all the benchmarks in network.

d) Topographic survey

Conducted detailed topographic survey to capture the essential ground features
including longitudinal section at every 25m intervals and cross section at 50m
intervals for a width of 40m on either side or up to the building lines on either side of
the centre line of the existing road and 50m on either side of the centre line of the

proposed realignment/Bypass.

3.11.5 Pavement / Subgrade/ Material Investigations

3.11.5.1 Trail Pit
Test pit of 1.0 x 1.0 was excavated in pavement/ at the verge of the shoulder. The
general characteristics of materials excavated from pit were recorded and further

properties were evaluated.

3.11.5.2 Subgrade

a) Maximum dry density for each pit sample
b) Gradation of the subgrade soil

¢) Liquid Limit and Plastic Limit

d) Optimum moisture content

e) 4 days soaked CBR at 3 energy levels tested for each pit sample.

3.11.5.3 Existing Pavement Composition
The existing Pavement Curst thickness is found using Trail pits near/on the existing
road. 1 x 1 m pit is dug on the pavement using the excavator and the thickness of the

Bituminous and non-bituminous layer is recorded for the overlay analysis.

3.11.5.4 Material Investigation
The materials collected from quarries near the study area were collected for testing.

The samples were tested based on MORTH specifications.
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The consultant has identified borrow areas near the DHQ. Based on the volume of
material available number of samples collected and the properties were studied to
conclude its use in the new pavement construction. The following tests will be

conducted as per codal procedures.

3.11.5.5 Tests on Coarse Aggregate
Aggregate Impact value test
Specific gravity

Water absorption

Flakiness & elongation test
Soundness test

Stripping value of aggregate

3.11.5.6 Tests on Fine Aggregate
Silt content

Specific gravity

Water absorption

Sieve analysis and Fineness Modulus
Organic Impurities

Soundness test

3.11.5.7 Falling Weight Deflectometer

The strengthening of flexible pavements is based on the pavement rebound deflections
obtained from the deflection survey conducted by the Falling Weight Deflectometer
(FWD), testing equipment following the guidelines of IRC: 115-2014. KUAB Falling
Weight Deflectometer (FWD) a non-destructive pavement testing device was used,
which provides an accurate data on pavement response in terms of a typical deflection
bowl, simulating actual wheel loads in both response and duration, which allows rapid
measurement of pavement deflection under load than traditional methods.

A dynamic load is generated by the dropping of a mass from a pre-set height onto a
300 mm diameter plate. The magnitude of the load and the pavement response are

measured by a load cell and geophones.
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One geophone is located immediately under the load, whilst the others are located at
variable offsets at 200, 300, 450, 600, 900, 1200, 1500, and 1800mm as per Clause
4.6 in IRC: 115-2014 The FWD is integrally mounted on a trailer which is towed by a
dedicated vehicle. All testing is controlled by a personal computer which is located in

the vehicle towing the FWD.

As a result, only one operator is required to conduct a survey on most occasions
making it less labour intensive. The test load can be varied between 20 and 250 KN to
meet the requirements of the particular task and the pavement response to four
different magnitudes of load can be measured during any test sequence. A typical
sequence can be completed in approximately one minute. Highly accurate deflection

bowl measurements are possible which help in doing large-scale deflection surveys.

3.11.5.8 Working Principle

Falling Weight Deflectometer (FWD) is a fully automatic impulse-loading device in
which a transient load is applied to the pavement and the deflected shape of the
pavement surface is measured. The working principle of a typical FWD with 5 geo-
phones is shown in Figure 3.5.

Fig. 3.5: Working Principle of FWD.
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The time taken by the load to achieve from zero-peak-zero is called as “Pulse
Duration”, the equipment can produce impulse duration from 15 to 50 m.
Geophones or seismometers are used to measure the deflection produced by the load

plate. Some of the equipment parameters are presented in the Table 3.19.

Table 3.19 : KUAB FWD Equipment Parameters

S.No. Decription Equipment Parameter
1. Load, Kn 40,50,90,120
2. Minimum Deflection (mm) 0.001
3. Plate Diameter (mm) 300
4, Rubber Pad Thickness (mm) 5
5. No. of Geophones 9
6. Spacing of Geophones (mm) 0,200,300,450,600,900,1200,1500,1800

ERRAR
-

Fig. 3.6: KUAB Equipment
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3.11.5.9 Data Collection

In the established urban road network (DHQ), only bituminous road with width of 4 m
or more than 4 m is considered for FWD survey. For the identified road section
detailed visual pavement condition survey is carried out to identify various distresses
and to further categorize the road condition as Good, Fair or Poor. The visual
condition survey carried out for the identified road sections and frequency of the
points at which the deflection survey is to be carried out was decided. The frequency
of the testing was kept in line with the requirements of IRC: 115-2014. The frequency

of points that was followed for various pavement conditions is shown in Table 3.19.

Table.3.20: Spacing of Test points

Pavement Condition Spacing of Point, m
Good 500
Fair 250
Poor 130 or less

* Note: The points of testing have been identified in such a way that failed locations which are

visible with severe distress are excluded from the testing.

The survey is carried out in accordance with IRC:115-2014. The target peak load
applied on bituminous pavements is 40 kN (+/- kN) which corresponds to the load on
one dual wheel set of 80 kN which is the standard axle load. Deflections are measured
at 0.75 m from the edge of outer lane with points staggered for both the directions.
Wherever the load applied is different from 40 kN, the measured deflections are
normalized corresponding to standard target load of 40 kN. The FWD machine used
for project evaluation work has 9 Geo phones covering half deflection bowl of 1.8 m
width. Pavement and air temperatures, as well as field moisture measurements from
test pits were also recorded for pertinent temperature and seasonal corrections required
for subsequent analysis. The spacing of the deflection sensors from the centre of the

load plate is as follows:

Below the load centre, 200, 300, 450, 600, 900, 1200, 1500, 1800.
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At a test point, the load is dropped 4 times. Drop 1 corresponds to the seating load
which has not been recorded. The load, deflection and other parameters corresponding

to drop 2, 3 and 4 have been recorded for a test point.

3.11.6 Landuse Survey

Urban improvement/rejuvenation of the town requires assessing the existing landuse,

which will help in understanding the landuse patterns and its impact on the major roads

of the town taken up for the improvement under this DPR.

Project team has visited all the 8 project towns and conducted a reconnaissance survey

which helped us to understand the city’s nature of development and come up with a
suitable detailed methodology for conducting the survey along the identified project

roads.

3.11.6.1 Survey Methodology

There are established methods for conducting land use surveys. After having the understanding
of the towns such as challenging terrain, narrow roads, encroachments, etc. suitable approach is
formulated for landuse survey which is mix of both LiDAR survey and physical landuse
verification. Topo-data generated with the LiDAR survey was used for marking of ground
features and preparation of the basemap. Post preparation of the basemap, physical landuse
survey was undertaken. A detailed methodology is prepared for the landuse survey is presented

in Figure 3.7.
”

Fig.3.7: Methodology for Land Use Survey
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3.11.6.2 Base Map Preparation

Base map was generated from the LiDAR survey data, for the towns with the building
footprints along the roads. The data was in line/point format which was brought in GIS

platform by assigning the coordinates.

In GIS format the polylines of building footprints were converted into polygons by
closing the open features. A draft base map was prepared marking buildings and roads.
Each building was assigned unique ID for identification. LiDAR survey output is

shown in Figure 3.8.

eyl '{)
To Bhartpur
(Mud Road) - |

Fig.3.8: LiDAR Survey Data- Bilaspur
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Google Imagery was also taken up to create a base map where the features were

marked on it. Entire project roads were further divided into grids.

After marking all the features in these grids, unique IDs were generated for each
individual entity i.e. for buildings, roads and grids. After digitizing the map, a grid
la