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ABSTRACT

A well-developed transportation system plays vital role in economic development of the
country. The huge increase in vehicular population creates traffic congestions on city
roads. Thus, to reduce traffic bottleneck, creation of new road infrastructure as well as
improvement of existing one has long term economic and social benefits. The economic
benefits are calibrated on the basis of Economic Internal Rate of Returns (EIRR). EIRR
for the road project is calculated as the difference between the capital and road user
costs with and without the project. The Mumbai and Pune are the major cities of Maha-
rashtra state, due to economic and industrial development in those cities faces frequent
and heavy traffic jam on highway connecting to both cities. In order to sort out the
traffic problem, building up new alignment in ghat section and widening of existing roads
is suggested. The HDM-4 is computer software used for checking the engineering and
economic viability of the investment in this road project. This project work describes
the adaptation of World Bank’s highway development and management model HDM-4 at
project level, this allows the users to assess the physical, functional and economic viabil-
ity of specified project alternative by comparison against base case. It was observed that
results obtained with improvement alternatives are economic viable but construction of

new alignment shows significant socio economic benefits.

Keywords: Traffic congestions, Economic Internal Rate of Returns (EIRR), HDM-4

software, economic viability , Social benefits.
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Chapter 1

INTRODUCTION

1.1 General

This chapter presents an introduction of research to conduct on highway project eco-
nomic analysis using HDM-4 software. In the first part brief introduction to need of
infrastructure development also introduce best suitable economic eveluation tool that

helps in decision making.

1.2 Relevance

Roads are the dominant mode of transportation in India. Roads carry almost 85 percent
of the country’s passenger traffic and more than 62 percent of its fright traffic. Due to
improvement in transportation network, reduction in transportation costs can be realized
in numerous ways, such as reduction in travel time, decrease in vehicle operating costs,
increased safety and reduction in the level of air and noise pollution. In addition to re-
duction in transportation cost, it also increases comfort to passengers and also enhancing
land value [1].

A well-connected transportation network ensures a faster and more reliable travel times.
This is important as time spent in traffic jam resulted in wasteful expenditure on fuel, out
of pocket expenses as well as time which could have been utilized in other productive ac-
tivities. A high-quality road network is important for high level of economic performance.
It helps in sustained economic growth, increases the productivity, helps in increment in
regional development and increases competitiveness [2]. The infrastructure projects bring
economic benefits in long-term by raising the productivity, innovation, lower prices, in-

creases the income and overall creates more jobs thus bring more boom to the economy.
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A well-plan transportation network helps the business to expand. It allows businesses
to manage their inventories and transport goods more cheaply and efficiently as well as
access a variety suppliers and markets for their products making it more cost-effective
for manufacturers to keep productions in and out. Thus, the priority to reduce the in-
frastructure bottleneck is important for any government. This require creation of more
and more road infrastructures and maintenance of the existing one.

The decision-making process for development of best suitable infrastructure strategy for
highway section suffers from lack of customized economic evaluation tools. The High-
way Development and Management (HDM—4) is one of the software, developed by the
International Study of Highway Development and Management (ISOHDM) funded by
World Bank, presents a good frame work for economic evaluation of road investments on

improvements.

1.3 Outline of Project Report

The dissertation report is divided into following chapters. These chapter describes the
different work conducted for study.

Chapter 1: This chapter is an introduction on transportation infrastructure development
and general information about Highway Development and Management Tool (HDM-4)
system.

Chapter 2: This chapter includes the review of all the previous literatures, the literature
gap from each of the papers are also enlisted in the chapter. In this chapter motivation
of study and objectives of project work is given.

Chapter 3: This chapter includes the methodology adopted and brief introduction to
input parameters study which involved in process of economic analysis.

Chapter 4: This chapter includes overview of HDM-4 software along with their key areas
of applications in highway sector. This chapter also include validation of HDM-4 software
with RUCKS.

Chapter 5: This chapter includes details of each case study with input details of road
network, vehicles characteristics, vehicles economic cost etc. also gives economic analysis
results in tabulated form for all case studies.

Chapter 6: In this chapter discussion of results is carried out. Results shows economic
performance of the proposed components by comparing the with-project and without

project scenarios. Also, socio economic benefits of research work are explained through

Civil Engineering Department: Construction Management 2
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socio economic cost comparison of all case studies.
Chapter 7: In this chapter conclusion of project work is given along with scope for further

research.

1.4 Closure

This chapter describes the need of economic analysis for transportation projects and also
give the brief information of Highway Development and Management (HDM-4) system

followed by review of literatures on highway projects economic analysis in next chapter.

Civil Engineering Department: Construction Management 3



Chapter 2

LITERATURE SURVEY

2.1 General

The research mainly focuses on finding out best alternative strategies for road develop-
ment projects. The proposed research includes the development of cost effective alter-
natives for project execution. Also Numerous research papers were selected to study
the Highway Development and Maitenance Model (HDM-4) for economical analysis by
researchers. From the research, objective function of model, input parameters used in
research were studied. Some research was also performed on suggesting best economi-
cal alternative for stretch improvement using various maintenance strategies from EIRR

obtain. Also, some researches consider social benefits from developments of road.

2.2 Review of Previous Studies

2.2.1 Pavan R. Vyas, et. al. (2016) “Project Level Analysis using Highway
Development and Management Model (HDM-4): A Case Study”

The author states that HDM-4 is a support system for taking decision by highway ad-
ministrators and engineers by predicting the economic, social and environmental impacts
which might occur while making the investment decisions. This paper includes a case
study of road section of a State Highway SH5 in Karnataka State.The decision-making
process for selection of maintenance and rehabilitation strategy rehabilitation strategy
for road section suffers from lack of customized economic evaluation tools. The Word
Bank’s Highway Development and Management Tool (HDM-4), developed by the Inter-
national Study of Highway Development and Management (ISOHDM) funded by World
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Bank, presents a good frame work for economic evaluation of road investments on main-
tenance.This study includes collection and analysis of functional condition and structural
condition data of the road section under study. The previous maintenance and rehabilita-
tion data, Traffic data, and other cost related data are obtained from secondary sources.
Using the above data, a Project level analysis id carried out in HDM — 4 software form
10 years. The obtained results are analyzed and the final optimum strategy for each rad
section is decided based on the economic indicators like IRR and Net Present Values/

Cost ratios.

2.2.2 Ing. Radan Tomek et al. (2016), “Improvement of Economic Effec-

tiveness of road highway projects.”

The author studied deficiencies in the current investment decision process to the highway
network and with the major problems and in effectivities in the consecutive phase of
realization. The approach of this research paper is to reveal the possibilities to improve
effectivity of realization phase through proposal of the very concrete measures. This paper
depicts the current road infrastructure situation in the Czech Republic, local state offices
and agencies and uses local transport infrastructure data. The author analyses global
experience and its findings aspire to be of general validity and applicability. The author
concluded that evaluating competing bids on the basis of the investor’s own flowless
control budget and rejecting those bids of the abnormally low or high values by a pre-set
strict rule. Also he concluded that the execution of own technical supervision i.e. none

outsourcing being acceptable for this task.

2.2.3 B. Malsawmkima et al. (2015), “Impact of road construction on the
socio- economic condition of the communities in the hilly terrain of

Lunglei district, Mizoram, India.”

Roads are the major means of transportation and communication. The author studied
that the impact of roads and road construction on the socio-economic status of community
directly within the project site. Author studied and analyzed pre- construction and post-
construction conditions of the community through collection of various parameters. The
study revealed that the construction of roads not only improves the livelihood community
but also increases the number of educational institutions and health centers as well.
Author concluded that the construction of proper road channels increases the efficiency

of import and export of goods and services to a great extent. The increased in number of

Civil Engineering Department: Construction Management 5
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educational institutions as a result of this project also improves the literacy of villagers [3].

2.2.4 Yi Jiang et al. (2015) “ Economic Analysis of Highway Design Excep-

tion Project”

This paper describes the design exception projects to compare with the standard de-
signed projects. An economic analysis method was developed to conduct benefit-cost
evaluations for design exception highway projects. The method considers life-cycle-costs
as well as life-cycle-benefits resulted from a proposed built project in terms of monetary
values. In this paper, author estimated agency cost by engineers or designers based on
past experience, bid prices, design specifications, materials costs, and other information.
Travel time and delay costs are usually valued as a percentage of average personal wages.
Accident or crash costs are the monetary values for fatalities and injuries associated with
crashes. The vehicle operating costs are attributed to the changes in highway speeds,
traffic congestion, pavement surface, and other conditions that affect vehicle fuel con-
sumption and wear and tear. In this study, benefit-cost analysis method was used to

evaluate the effectiveness of design exceptions [4].

2.2.5 Shah Yogesh U. et. al. (2014) “Adaptation of HDM-4 Tool for Strate-
gic Analysis of Urban Roads Network”

This paper describes the adaptation of the World Bank’s highway development and man-
agement model HDM-4 at the strategic level. Urban road network of 21 sections, con-
sisting of total 60 km road length of Noida city, near New Delhi, capital of India, were
analyzed. The analysis was carried out to maximize the net present value (NPV) and
minimize the costs to achieve a desirable target international roughness index (IRI). Min
areas of analysis in HDM-4 include Project analysis, Program analysis and Strategy anal-
ysis. Data collection for all pavement sections was aimed to meet the requirements of
HDM-4 input system. The process of data collection was classified as Road Network
Data, Vehicle Fleet Data and Maintenance and Rehabilitation Works History. This anal-
ysis presented the need for the optimal capital and recurrent maintenance required to
maintain the urban road network in serviceable condition. It was found that the ur-
ban roads can be managed and maintained effectively using the strategy application of

HDM-4 [5].

Civil Engineering Department: Construction Management 6
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2.2.6 Jana Korytiarovaa et. al. (2014). “The Economic Evaluation of

Megaprojects-Social and Economic Impacts”

This paper describes the impact of transport infrastructure projects in the form of changes
in the time consumption, changes in operation costs for vehicles, social costs connected
with car accidents and newly impacts on environment. Project economic evaluation
was done using HMD-4 Model by taking case study of Czech Republic, concerns about
big city bypass including spinal road and several supplementary roads and economic
analysis is carried out with the comparison of the base case (zero option) and project case
(investment option) in the discounted total costs connected with the project. Results are
given by comparing percentage output of base case and project case of costs of investor,
vehicle operation costs, travel time costs, costs for car accidents, costs for pollution of

environment and on results basis socio economic impacts are explained [6].

2.2.7 Ross B. Corotis (2007), “Highway User Travel Time Evaluation”

In this paper the improved highway network is how to benefit to society is studied of
which the reduction of travel time is one of the most important. A full life cycle of cost
assessment of project requires a future savings in travel time projected over a project’s
life time. The author has investigated an alternative approach to the very important
valuation of user time which is beneficial for the new projects and cost items during
construction and maintenance. Author hypothesized in this paper that the amount of
work time remains relatively independent of commuting time and instead of amount of
time left for other activities is directly affected. Author discussed some issues in this
paper include regional differences and discounting. This paper suggests that the lifestyle
actions taken by individuals differ greatly under those different circumstances. The value

of user travel time is a very important aspect of transportation project and must be

included [7].

2.2.8 Henry Kerali (2003), “Economic appraisal of road projects in countries

with developing and transition economies”

This paper describes about economic appraisal model based on the concept of life-cycle
cost analysis, in which the annual costs of construction and maintenance of one or more
road investment alternatives are compared against a base case (without project) alter-

native in order to estimate the corresponding reduction in vehicle operation costs. This
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paper uses HDM-4 tool for the purpose of analysis and outputs are shown in terms of
net present value (NPV). The results from the economic appraisal of road projects in
developing and transition economies often show that benefits to be derived from invest-
ments in improvement of existing roads far exceed those from construction of new roads.
The models also show that where there is significant traffic congestion, investments in

capacity expansion can produce high economic returns [8].

2.3 Gap Analysis

The present researches consider conventional method for project analysis of alternative
project routes. But new special softwares are developed which specially made for eco-
nomic analysis and can provide more accurate results. Also, by considering future traffic
growth, there is need to develop highways for carrying traffic. Modification and imple-
mentation of alternative options can be useful for controlling the heavy traffic demand on
major transportation routes. These proposed alternatives must be economically viable

and also achieves social benefits.

2.4  Objectives

Following are the objectives of the proposed work,
1. To choose the economic parameters for economic analysis of highway projects.

2. To perform traffic analysis for application on Highway Development and Manage-

ment (HDM-4) software.

3. To analyze economic viability of proposed alternatives in terms of economic internal

rates of return by HDM-4 software.

4. To perform comparative analysis and show socio-economic benefits of proposed al-

ternatives from results obtain.

2.5 Closure

In this chapter different researches on economic analysis of trasportation projects using
HDM-4 software are studied. These research work gives the knowladge of calculation of

EIRR, precise use of HDM-4 model, inputs needed to HDM tool and social implications

Civil Engineering Department: Construction Management 8
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of highway projects. Also find out the gap and objective are derived from the perspective

of comparing economic alternatives form suggested standards.
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Chapter 3

PARAMETRIC STUDY

3.1 General

The chapter explain the problem statement and proposed methodology of research which
depict the steps that were performed in this research. This chapter includes the defination
of economic analysis perform in this research. Explains details about input parameters
required for economic analysis. Also the chapter includes the study of model used for

economic analysis of highway project.

3.2 Problem Statement

The most important aspect which effects on highway construction is economical returns
of project. The project aims to study economic benefits from the investment. Also help in
raising the welfare of society. So, this project aims to use suitable strategy for economic

analysis using HDM-4 software and states the social benefits from project.

3.3 Proposed Methodology

The procedure used in the project is divided into four steps. First step is to identify
problem and collect the data for research work. Problem identification and data collection
is done and move to second step is to decide case study for project work and finding out
alternatives. Third step is to find out input to economic analysis and run the all datasetup
in HDM-4. IN forth step find out the results and draw the conclusion and diagramatic

presentation of methodology adopted for research work is shown in Figure no. 3.1
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Problem Identification

Data collection | Literatures l

Software related information

—»‘ Traffic Data

Defining alternatives for
project work

A

System definition for —>| Defining input parameters
define alternatives

v

‘ Economic analysis by HDM-4 |

l

| State social benefits of project |

h

| Results and conclusion ‘

Figure 3.1: Methodology adopted in project work

3.4 HDM-IV Overview

HDM-IV is a computer software for Highway Development and Maintenance Manage-
ment System. It is a decision-making tool for checking the Engineering and Economic
viability of the investments in road projects. The World Bank for the global use has
developed it [12].

Areas of Application of HDM-IV Software

e Project Analysis

Project analysis allows the users to assess the physical, functional and economic feasibility
of specified project alternatives by comparison against a base case (do nothing). The
project analysis can done for maintenance of existing road, improvement of existing road,
new construction, stage construction and project evaluation.

e Program Analysis

The program analysis tool has been incorporated in HDM-4 for easy analysis of the
whole road network for identifying the candidate road sections for the maintenance for a
particular budget period.

e Strategic Analysis

Civil Engineering Department: Construction Management 11
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The strategic analysis is done on the entire road network for long term budget planning
or for optimizing the maintenance strategies.

e Research, Policy and Regulation Analysis

HDM may also be used for research purposes such as Road User charges for setting up road
funds, Impact of axle load limits, Pavement design evaluation, Pavement maintenance

and rehabilitation standards.

3.5 Steps for Data Inputs for Economic Analysis in HDM-4

The steps for data inputs for Economic Analysis in HDM-4 are shown like as, HDM-4
workspace window in Figure no. 3.2, Road network data inputs in Figure no. 3.3, Vehicle
fleet basic characteristics input in Figure no. 3.4, Vehicle fleet economic cost input in
Figure no. 3.5, Maintenance work standard details in Figure no. 3.6, Improvement
work standard details in Figure no. 3.7, General project description in Figure no. 3.8,
Select road section in Figure no. 3.9, Select vehicles in Figure no. 3.10, Define traffic
composition with annual increase in Figure no. 3.11, Define alternatives and assign work
standards in Figure no. 3.12, Setup run inputs in Figure no. 3.13, Analyse the current
project in Figure no. 3.14, Reports directory in Figure no. 3.15, Roughness output in

Figure no. 3.16, Road work summary output in Figure no. 3.17.

49 HDM-4 - HDM-4 Workspace

Workspace Window Help
Wori:space | = ”ﬂlﬁ

(=3 Projects [13] ~ 12 New
e ,g; 1. Upgrading a gravel road =
s 5 2a. Rehabilitation of paved roads [by section) _1 Open

R

- 5 Z2b. Rehabilitation of paved roads [by project)
- 5 4. Construction of new bypass
- jé’ Capacity augmentation of Mumbai - Pune sect
- x), Capacity augmentation of Yashawantrao Chay Copy
o 44 Champa Corba
- x} Ewisting Project abl Bename
- 2} Maintenance and Rehabilitation of MH-4
- xf MPEW New
- 2} Mumbai- Pune Missing Link e
- 2 NH-4 NEW

wl Rahahilitatinn of Main citin road

For Help, press F1

Figure 3.2: HDM-4 workspace window
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@ HDM-4 - New champa corba
Workspace RoadNet View Window Help

3 Road Netwarks [12] AR New
%% Eastem Province Trunk Roads el ]
M&RNH-A4 ;
MissngLirk Hom
Missing Link & Expressway £ Dekte
Murmbai Pune Expressway
National Rioad Network M atix By Copy
New champa coiba
New Mumbai Pune expressway ad Network: New champa corba - All Sections/Definition g
NH-4
Nothen Province Project Road S| T = T
Prosict 1 ki ace -enf
& Westetn Provincs Trurk Roads v e hiokel e LR (ki
.71 Vehirla Flasts (7] NCC_ JNew champa corba 05-06-2020 _ Bituminous __ Asphalt Mix on Granular Base v 401
|

<

[ForHelp, press F1 Defntion | Geomety | Pavement | Condion |

4

gt | o] Qe

[Name of section

|

'
g

3
E i

Figure 3.3: Road network data inputs

@) HOM-4 - Champa Corba
Workspace Fleet View Window Help

New Mumbai Pune expressway
NH-4
Noithen Province Project Road Sections

| Name Class Imal.ml Base Type | Category

3 Axle | Trucks 08062020  Truck Aiculated  Motorised

Car Passenger Cars | 12062020  Car Medium Moorised
Utilties 25052020 | Goods Vehicle Light  Motorised

MaY Trucks 5052020

Frivate Bus Buses 12.06-2020

Truck Trucks

For Help. press F1

3] @

& | @ e

|For Help, press F1

Passenger Car Space Equivalents factor (PCSE)

Figure 3.4: Vehicle fleet basic characteristics input
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@ HDM-4 - Champa Corba
Workspace Fleet View Window Help

New Mumbai Pune expressway A
N4 u Aot

Northen Province Project Road Sections

Class Modified Base Type | Category

B | Trucks 06-06-2020 | Truck Articulated  Motorised
Car ‘PassengerCars | 12-06-2020 | Car Medium ~ Motorised
LoV Utilties: 25052020 | Goods Vehicle Light  Motorised

Truck He:

Mav Trucks 5052020
Private Bus Buses
Truck Trucks

& em:”|a Qddel%;dl |o Info

[ForHelp, press F1

average purchase cost of a new vehicle of this type

Figure 3.5: Vehicle fleet economic cost input

@ HDM-4 - HDM-4 Workspace
Workspace Window Help

-[¥] PHT3Patch, Dverlay & Reconstuct A D) New
~[¥] PHT4:Patch, Reseal, Overlay & Reconsti.

-[¥] PLT1Patch & Crack seal 4 Open

~[¥] PLT2 PatchReseal t

~[¥] PLT3Patch, Overlap & Reconstiuct ﬁ Delete

-[¥] PLT4Patch, Reseal, Overlay & Reconstru A —

~[¥] PMT1:Patch & crack seal By Copy
-[¥] PMT2PatchReseal &

~[¥] PMT3:Patch, Overlay & Reconstiuct l ab| Rename

% ::gfpxuh‘onpa:;‘:&:‘?;:ﬁem " Maintenance Standard: PRM: Rout +Structural overlay
~[¥] PRM: Rout +Structural averlay
[¥] PRM2: Rout+25mm overlay

I¥] PRNG1-PENS Raceal Mvardan & Rerm

'For Help, press F1

Frequency at which the work item will be performed (ie. every X years/days)

Figure 3.6: Maintenance work standard details
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W HOM-4 - HOM-4 Workspace
Workspace Window Help

~ [l NHOT: \widening to 6 lanes A
[ NH4- Improvement to 6 lanes B tew
PROJ1:Pave Sect BO01-01 in 2004 4 Open
PROJT:Pave Sect BO01-02 in 2004
[l PROJ1:Pave Sect BO01-03 in 2004 i Delete
~ [ PROJ1:Pave Section BOOT-01 in 2004 (AC
[ PROJT:Pave Section BO0T-02 in 2004 (A0
[l PROJ1:Pave Section BO01-03 in 2004 (A
~ [ PROJ3Lane Addition (2 lanes)
[l PROJ3:Partial Widening by 1m

Il PROU3Pattial Widering by 3m
- Detauk Works Costs & Energy Consumption
B3 Projects [13]
. w1 Llnwading 2 aeawsl inad "

]

\For Help, press F1

PROJ3:Partial Widening by 1m
& PROJ3:Pattial Widening by 3m
~f Default Woiks Costs & Enerqy Consumplion i

13 Projects [13] o
-3 1. Upgrading 2 gravel road

- 2a Rehabiltation of paved roads [by section)
- 5] 2b. Rehabilkation of paved roads [by project)

- x4 4. Construction of new bypass

- ] Capacity augmentation of Mumbai - Pune sect
o & Capacity augmentation of Y ashawantrao Chav
& Champa Corba

-] Existing Project

- é Maintenance and Rehabiitation of NH-4

A MPFUY N

General | Select Sections | Select Vhicies | Define Nomal Traffic

[For Help, press F1

Figure 3.8: General project description
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Add New Year

5.00

500 Delete Year
10,

0.00
10.

5.00

050

0.40
i Far =

Sort Years

|Showhide unselected sections

Deh*l ok | cance |

Add a column for a new year of condition data

Figure 3.9: Select road section

1 Pitvate Bus
e

View/Edt Vehice...
9 o

[Show/Hide any unselected vehicles in te selected fleet

Figure 3.10: Select vehicles
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-

. Motorised NMT
Section AADT AADT Year

"“'Phnaﬂvu New champa corba _ 8678.00 000 2016

|Normal Traffic for the Project

I8 PROJ3 Lane Addtion (21anes)
[¥] PRM: Rout +Structural oveday
[¥] PROJ3: Pesiadic 25mm overay

Figure 3.12: Define alternatives and assign work standards
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Figure 3.13: Setup run inputs

Section Option 1: New champa corba
Miemative: base case
Section Option 1: New champa corba

Figure 3.14: Analyse the current project
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X Project Champa Corba =R (=T

Define Select Reports I
b Poect
Detais Run Data Directory |
D:\MEGA PROJECT M TECH
,4",, %ﬂﬁ' ] \ Browse... ‘
ematives '
IV !
QP Analyse ‘| HOM-4 Reports . Generate
Projects -] Traffic 4 ﬁmon ‘
-] Deterioration / Works Effects
Generate [-(_] Road User Hffects
Regorts @-(] Environmental Effects

BB Cox e

#-(_] Programme & Strateqy Analysis
i Others ﬂ

Add
* B-_] lnput Data Repott...
E Save | Hemove
_ —' Report..

ﬂ Close

The directory in which the run data will be exported

Figure 3.15: Reports directory

Study Name: ~ Champa Corba
Run Date: 13-12-2020

H D M _ 4 Average Roughness by Project (Graph)

Average Roughness (IRlav) for each Project
(weighted by section length)

16 — =
| P \ f \ —l-base case
/ / \ ' I} & g
/ : \ | / b ~l- with project
14 - ! i i
/ / N o
/ / \|/ \
o / i‘f
—_ / /
£ 12 7 /
£ / ;
E / ,
/
= 10 i 7
> [ ’("‘
= [
= 8 , A
/] §
Jf/ /)
6 5 ;
- \ P
| &
N, i
i W
D O «~ N O & 0 © K~ 0O ®® O -« N O % 0 © ~ ©
T N N NN NN N NN NO oo OO D M M O
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Year

Figure 3.16: Roughness output
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H D M _ 4 Road Works Summary (by Year)

Study Name: Champa Corba
Run Date: 43-12-2020

All costs are expressed in the following currency: INR.

base case
Economic Financial Work
Year Section Works Description Code Cost Cost Quantity
2031 New champa corba 25mm overlay TV25 168,600.000.0 196,000.000.0 280,000.00 sq. m
Prep. Patching 20.092.7 7.28 sq. m
Prep. Edge Repair 530.000.0 1.260.00 sq. m
Total Annual Cost: 187,250,092.7

@

Total Costs for Alternative: 250.052.7

with project
L Economic Financial Work
Year Section Works Description Code Cost Cost Quantity
2020 New champa corba PROJ3:Lane Addition (2 lanes) ADDZL 4.524.000.258.0 4.534,000.128.0 280.000.00 sq. m
Total Annual Cost 4,524,000.258.0 4,934,000,.128.0
2021 MNew champa corba Prep. Edge Repair 1.280.7594.8 1,498.529.5 m
Prep. Patching 59,600.016.0 70.117,684.0 3sq. m
PROJ3:Lane Addition (2 lanes) ADD2L 4,524, 000.258.0 4,934000,1280 280,000.00 sq. m
Total Annual Cost: 4.584,881.008.8 5.005.018.321.9
2034 New champa corba 25mm overlay TVZE 333,200.000.0 352,000,000.0 580,000.00 sq. m
Total Annual Cost: 333,200.000.0 352,000.000.0
Total Costs for Alternative: 5.442.081,322.8 10.331.6816.449.9

Summary of Total Annual Costs

base case with project
2020 o0.00 4.524,000,256.00
2021 0.00 4,584 881,086.75
2031 167,250,092.72 0.00
2034 0.00 333,200,000.00
Total 167,250,092.72 9,442 081,322.75

Figure 3.17: Road work summary output

3.6 Economic Analysis

3.6.1 Intrduction

Economic analysis aims to ensure that scarce resources are allocated efficiently, and in-
vestment brings benefits to a country and raises the welfare of its citizens. The essential
objective of public expenditure is to maximize the returns on investment in economic
terms. This objective is accomplished by determining the appropriate improvement pro-
posal that leads to the minimum total transport costs in the case of road upgradation
projects.

The economic analysis is based on incremental costs and incremental benefits, i.e. com-
paring the total transport cost “with the project” and “without the project” which is the
base case or the do minimum case. Economic analysis is not concerned with the sources
of financing, the availability of funds and the collection of funds. Economic analysis is
not concerned about should estimate future traffic, costs and benefits.

The benefits obtain from highway projects are depends on i) reduction in Vehicle Oper-
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ating Cost (VOC) ii) reduction in travel time cost iii) reduction in accident cost. The
results are expressed in terms of Economic Internal Rate of Return (EIRR) and Net
Present Value (NPV).

e Socio Economic Benefits

(i) Vehicle Operating Cost (VOC) — VOC depends on the fuel consumption cost, wear
and tear of tyres and other maintenance costs.

(ii) Travel Time Cost - It is depend on the occupants travel time.

(iii) Accident Cost — The component of accident cost may include cost of damages to vehi-
cle and other properties, injuries and loss of human life, delays to vehicle and passengers,

cost of investigation, legal proceedings etc.

3.7 Basis of Economic Analysis

The most commonly used indicators to determine economic viability are economic net
present value (ENPV) and economic internal rate of return (EIRR).

1) Economic Net Present Value (ENPV)

The ENPV is the sum of the differences between the discounted benefit and cost flows,

and can be estimated as

) (B, -
ENPV = 2 (1+;)

Where, Bt - the gross economic benefit in year t,

Ct - the sum of economic costs (including capital costs, operating maintenance costs, and
negative terminal values) in year t

r - the required economic discount rate

n - the project life

2) Economic Internal Rate Of Return (EIRR)

The EIRR is the discount rate at which the ENPV becomes zero, and it can be estimated

from the following;:

n Br n C, 0
=1 (1"'”), =1 (1‘”)’
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Where, 1 is the EIRR, at which, the sum of the discounted stream of economic benefits
equals that of the economic costs of a project.

The economic analysis carried out using HDM-IV software. The HDM-IV system helps
pavement managers in making effective investment choice at all management level i.e. at

project level management and network level management.

3.8 Input Parameters for Economic Analysis

The following are the parameters required for the economic analysis of highway project.

3.8.1 Analysis Period

Analysis period includes construction period as well as benefit period.

3.8.2 Project Cost

Construction cost for economic analysis includes Land Acquisition, Resettlement & Re-

habilitation, environment and utility shifting cost along with civil construction cost.

3.8.3 Road and Pavement Characteristics

Road and pavement characteristics that are used for economic analysis include road
length, carriageway width, width of paved shoulders, existing pavement composition,
sub-grade CBR, roughness of the existing road (IRI), structural number and cracking,

raveling and other pavement distress parameters.

3.8.4 Routine and Periodic Maintenance Cost

Maintenance cost rates considered in Per Sq.m, which includes patching, crack sealing,
edge repair, overlay, drainage clearance and markings and installation of damage traffic

sign boards etc.

3.8.5 Traffic Volume Data

AADT (No. of Vehicles) on the project road includes motorized and non-motorized ve-
hicles [9].

The vehicles are grouped under following heads are shown in Table no.3.1
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Table 3.1: Vehicle Types

Details Vehicle Category

Motorized Vehicles Passenger Vehicles Car, Jeep & Van
2- Wheelers
3- Wheelers

Minibus

Standard Bus

Freight Vehicles LCV

2-Axle Truck

3-Axle Truck
4-6 Axle

Tractor

Tractor Trailer

Non-Motorized Vehicles | Slow Moving Vehicles By-Cycle
Cycle Rickshaw
Animal / Hand Cart

3.8.6 Secondary Data
e Vehicles & Tyre prices

e Current Fuel price in the Project Corridor
o Petrol (Rs/Ltr)
o Diesel (Rs/Ltr)
o Lubricants (Rs/Ltr)

3.9 Closure

The chapter explains about input parameters used for any economic analysis of highway
projects, same parameters being to use as input data for software. Also this chapter

explains the key areas for application of HDM-4 system.
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Chapter 4

VALIDATION OF HIGHWAY
DEVELOPMENT AND
MANAGEMENT MODEL (HDM-4)

4.1 General

This chapter reports the importance and applications of HDM-4 and also explains the

results of study done on validation of HDM-4 for conducting economic analysis.

4.2 FEconomic Analysis using Software

There are a number of software’s available for the economic analysis of road projects
including MicroBENCOST, Cal B/C, Redbook, RED, HDM-III, HDM-4, RUCKS etc
[10].

The HDM-4 now provides a set of tools which can be integrated either individually or as
a set within road management systems used by road agencies [11]. The modular system
design adopted for HDM-4 should facilitate the adoption of HDM-4 as the standard tool
for project analysis, work programming and long-term strategic analysis of road network
requirements which is shortly presented in Figure 4.1 below.

The Highway Development and Management Model (HDM-4) Version 1.3 was released
in January 2002 which is the recommended software for evaluating highway investment

options.
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1.jpg

INPUTS

Vahicle type, volume, growth,
loading, phvsical parameters,
terrain, precipitation, road
geometry, pavement characteristics,
unit costs

Pavement type, strength, age,
condifion, and ESAL

Foad geometry and roughness;
vehicle spead, tvpe; congestion
parametars; unit costs

Foad works standards and strategies

Foad geometry and surface fexturs,
vehicla characteristics

Developmental, accident,
envircenmentzl, and other exogenous
costs and banefits

MODEL

Start of analyzis loop
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g

Foad User Effects

Y

Works Effects

i

Social and
Environmental Effacts
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Economic Analysis
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Eeetum to start of analy=iz loop
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Cracking, ravelling, pot-holes,
rut depth, faulting (paved);
gravel thicknas: (unpaved);
roushnaszy

Fuel, lubricant, tyras,
mamtenance, fixed costs, speed,
travel time, road user costs

F.eset cracking, ravellng, pot-
holes, rut depth (paved); gravel
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Levels of emizsions and energy
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Costs and benefits, meluding
exogenous benefits

Total costz by componsent; net
present values and rates of raturn
by section

Figure 4.1: Structure of HDM model

Civil Engineering Department: Construction Management

25



Economic Feasibility Analysis of Highway Projects Using Highway Development and Management
(HDM-4) Model

4.3 Validation of HDM-4

For the validation, Road User Cost (RUC) model being calibrate in HDM-4 and excel
based data sheet i.e. Road User Cost Knowledge System (RUCKS) is used. RUCKS is

an excel format system available which uses the "Macros” application in Microsoft Excel.

4.3.1 Inputs to RUCKS

The inputs needed for RUCKS are the same as HDM-4, but much lesser. In RUCKS,
there are 12 vehicle types already assigned with default values. This does not include the
non-motorized vehicle types and so the non-motorized traffic interaction effects are not
included in RUCKS. Hence there is much lesser accuracy for the values obtained from

RUCKS than HDM-4. However, a comparison can be done for the purpose of validation.

4.3.2 Case Study

A real case study has been considered. The project road comprises Widening and Re-
habilitation of existing four lane to six lane road Champa-Korba-Katghora Section of
NH-149B is although homogeneous and thus the project analysis is treated as a single

section and average classified traffic is taken into consideration.

4.3.3 Data Collection

The project stretch being selected for the present study is a part of an important section
of National Highway of Chhattisgarh. The project stretch has a length of about 40km
and average carriage way width of 7 m.

A huge number of inputs are needed for analysis in software. Data collection includes
primary data and secondary data.

1. Primary data

Primary data includes the classified volume count survey and pavement condition survey
was collected for the project stretch.

e Traffic Data

Table no. 4.1 represents base year AADT count data.

2. Secondary data

The inputs needed in HDM-4 are enormous and for each representative vehicle the basic

data like the following were collected from secondary sources:
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Table 4.1: AADT count data

Vehicle Category | AADT Count
Car/ Jeep 21002
LCV 4428
Truck 3147
Private Bus 1780
3-Axle 2137
MAV 1481

1. Analysis period

The analysis period starts from 2019. A discount rate of 12% is considered.

2. Routine Maintenance strategy is Considered that 100% patching, crack sealing edge

repair, drainage clearance and markings, traffic signs gets complete.

3. Existing pavement condition data

Existing Road Condition is fair, but 100% reconstruction is proposed on along the

existing road.

e RG in IRT (M/Km)

e Total area of cracking (%)

e Ravelled area (%)

e No.of potholes / km (0.1 sqm area of pot holes)
e Edge break area (sqm/km)

e Mean rut depth
4. Other road details
e RF — 10.00m/km
e Altitude (m) 252 to 296

e Average Horizontal Curvature — 3.00deg./km

e Structural Number/CBR/Deflection : 50 nos of Structure/15% CBR
5. Pavement Design

e Most recent surface thickness (mm): varies from 365mm to 480mm
e Previous surface thickness (mm): varies from 365mm to 480mm

e Proposed thickness (mm): 500mm
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6. Economic prices
Economic prices includes fuel, lubricant, tyre, maintenance cost, passenger time cost,

crew cost, cargo time costs etc.

4.3.4 Comparison of Results

Road User Costs is an important consideration in the justification of highway invest-
ments, comparison of alternative designs, projects and programs ordering within limited
budget and analysis of policy and regulation. The determination of road user cost is a key
element in evaluating the highway projects [13]. For the purpose of validation, the road
user costs obtained from both RUCKS and HDM-4 can be compared. Road User Cost
is the combined value of Vehicle Operating Costs (VOC) and Travel Time Costs (TTC).
So, comparing RUC is similar to comparing VOC or TTC. However, for decreasing the
chances of error in prediction, Vehicle Operating Costs can be compared as it includes
much more variables than Travel Time Cost. Thus, for the present study VOC of both

the systems are compared.

Vehicle Operating Cost Values from HDM-4 and RUCKS are shown in Table 4.2 and
Figure 4.2 below.

Table 4.2: VOC values for HDM-4 and RUCKS with variation

Vehicle Type | HDM-4 | RUCKS | Variation in values
Passenger Car 4.4 4.48 -2%
LCV 11.01 11.65 -5%
Truck 25.9 27.35 -5%
3-axle 52.8 49.59 6%
Private Bus 18.06 30.29 -40%
MAV 42.59 45.58 -7%
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VOC values of HDM-4 and RUCKS

= HDM-4
BRUCKS

Passenger 3-axle Private Bus MAV
Car

Vehicle Operating Cost

WVehicle Type

Figure 4.2: VOC values from HDM-4 and RUCKS

The percentage variation in VOC value up to 25% is considered acceptable. However,
the variation in value of bus was found to be on a higher scale. Thus, it was necessary
to check which component shows the variation. For this purpose, the percentage of VOC
and T'TC which comprises RUC was found as per shown in Table 4.3

Table 4.3: Component percentage of Road User Cost

Vehicle Type HDM-4 RUCKS
vVOC | TTC vVOoC TTC
Passenger Car | 28% | 72% | 28.50% | 71.50%
LCV 99% 1% 77.60% 17.90%
Truck 99% 1% 90.40% 3.40%
3-axle 99% 1% 91.20% 1.60%
Private Bus 30% | 70% | 46.10% | 50.00%
MAV 98% 2% 89.70% 2.50%

As a thumb rule the percentage of TTC should be more for passenger vehicles i.e., in the
range of 70% or more and VOC around 30% or below. While for commercial vehicles
this TTC component should be below 5% and VOC should be above 95%. But from
the table above its clear that the percentage of VOC and TTC for bus is not matching
with the thumb rule in case of values form RUCKS. But the percentage matches in case
of HDM-4 therefore, showing a correction needed only for RUCKS. As this project uses
HDM4 there is no need for correction. Thus, the software is being validated and can be

used for economic analysis.
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4.4 Reliability Concept

The objective of an HDM analysis is to model roads. So, it is necessary to check how

well the model predictions reflect reality. For that purpose, accuracy of obtain values is

analysed using Chi-square Test. Table 4.4 explains the calculations for mean of observed

and expected values.

Table 4.4: Chi square test

Sr. No. | Observed (Oi) | Expected (Ei) (%)
1 44 4.48 0.0016
2 11.01 11.65 0.035
3 25.9 27.35 0.08
4 52.8 49.59 0.21
) 18.06 30.29 4.94
6 42.59 45.58 1.96E-01

. . 2
9 (Oi — E)
Lobserved — Z Ei = 5.456
Degree of freedom=6
2?0 = 18.548 for6d.o. fata = 0.005

: 2
SZTLCQ, Lopserved < L

2

critical

Therefore, observation is statically proved to be acceptable

4.5 Concluding Remarks

(4.1)

(4.2)

(4.3)

The software validation study is ended up in identification of a tool for conducting eco-

nomic analysis of road improvement schemes. While validating the values obtained in

HDM-4 using RUCKS, 5 vehicle types were found to have only very minor variation

in values while 1 vehicle types especially Bus, was found to have remarkable variation.

However, the percentage of RUC that goes into VOC for bus is acceptable in case of

HDM-4.
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4.6 Closure

The chapter explains the input to HDM-4 and RUCKS software’s that are used for
economic analysis and validate those models. Finally, HDM-4 gives more accurate results

and proves versatile than RUCKS.
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Chapter 5

ECONOMIC ANALYSIS OF
PROJECT CASE STUDIES

5.1 General

This chapter shortly introduced about three case studies analysed for this project with
their existing situation and then one by one explains each case study with inputs used

and obtained outputs.

5.2 Details of Study Area

The Mumbai and Pune are major cities of Maharashtra state, Mumbai is second largest
city of India having a population of 12 million and is considered as the commercial capital
as well as economic centre of the country. Today Mumbai accounts for 20% of India’s
total employment. Pune is one of the historical cities of India with a glorious past, an
innovative present and a promising future. It has a population of close to 4 million. Thus,
Pune city has been developed into a Pune metropolitan area, just equal in area to that
of Greater Mumbai.

As both cities are growing in vehicular population, so most of time the corridor which
connects those cities faces problem of traffic congestion and heavy landslide mainly in
hilly section of this corridor as shown in Figure 5.1 and Figure 5.2. There is a strong de-
mand from localities and the public representatives to remove all bottlenecks and improve
the road. Therefore, it is proposed to widen the existing four lane Mumbai Pune section
of NH-4 to six lanes, Widening of existing six lane Mumbai Pune Expressway to eight

lanes and Construction of new alignment for missing link between Khopoli to Lonawala
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in Mountain and Hilly section of Mumbai Pune corridor, which consists of Tunnels, Over

Bridge, Viaducts, Elevated roads.

Figure 5.1: Traffic congestion on existing corridor of Mumbai Pune

Figure 5.2: Landslide in hilly section
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5.3 Case Study-1) Widening of existing Mumbai Pune section

of NH-4 to six lanes from existing four lanes

5.3.1 General

The objective of this project is to check feasibility of upgrading NH-4. The link con-
necting Mumbai and Pune namely NH-4 will upgrade to 6-lane in most of the length.
Anyhow, in some length, it is still 2 lanes and there is a strong demand from localities
and the public representatives to remove all bottlenecks and improve the road. The exist-
ing NH-4 consists of four lane carriageways of flexible pavement with 1.50 m wide paved

shoulder on either side. The Google image of stusy area is as shown in Figure 5.3 below.
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Figure 5.3: Google image of Mumbai Pune section of NH-4

5.3.2 Road Network Data

The road network data collection in the field included road Inventory data and road ge-

ometric details, structural evaluation (structural capacity), functional evaluation (pave-
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ment condition and riding quality) and evaluation of pavement material. The character-
istics of selected road sections are presented in Table 5.1.

Table 5.1: Road network data for Mumbai Pune section of NH-4

Pavement Type Asphalt Mix on Stabilized
Base (AMSB)

Surface class Bituminous

Length (km) 111

Carriageway Width (m) 24

MT AADT 44940

AADT Year 2018

Rise + Fall (m/km) 30

Avg horizontal curvature (deg/km) 15

5.3.3 Project Economic Evaluation using HDM - 4

Economic evaluation for National Highway-4 is carried out by consideration of two alter-

natives In HDM - 4.

I. Alternative 1: Without Project

For without project consideration, project road will carry existing traffic on it without
any improvement and maintenance in present condition that means No treatment is given
to existing road for improving its capacity augmentation, functional and structural pave-

ment quality and geometry standards.

II. Alternative 2: With Project

Widening the existing road to six lanes with 24 m roadway width including reconstruc-
tion, strengthening, bypasses and realignments to achieve the design speed of 100 kmph
in plain/rolling area.

The project road is 111.00 km long and connects Mumbai and Pune towns. Project road
is proposed to undertake work of strengthening, rehabilitation the existing road. Accord-

ingly, economic analysis of the project road is being carried out as Table 5.2 below:
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Table 5.2: Alternative details for NH-4

Alternatives | Existing Chainage Design Chainage Improvement

From To From To

Alternative 2 | 1314200 | 20+400 | 1314290 | 204200 | 6 lanes with PS

The project road with existing carriageway width of 14m is proposed for 6 lanes with
paved shoulders facility which satisfies the project and traffic requirement. The Economic
analysis was carried out for 30-year benefit period (2020-2049). For performing economic
evaluation, a ‘project’ is formulated in which comparison is made between two scenarios

namely (1) without any Improvements and (2) With different Improvements.

IT1. Capital Cost

The construction cost for each Alternative is tabulated in Table 5.3. The construction
cost of project will be utilised in three phases i.e. 30% in first year, 40% in second year
and other 30% in third year.

The cost estimate for project alternative has been calculated separately based on the
quantities worked out for major items of work to be executed in the project on the basis
of preliminary engineering design of roads, structures and the adopted rates. A conversion
factor of 0.85 has been used to convert financial cost into economic costs.

Table 5.3: Total project cost of NH-4

Alternatives Civil Works | Economical
Cost Per km Cost per km
Alternative 2: With Project 15.30 Cr. 13.005 Cr.

4. Maintenance Cost
For Six lanes with Paved shoulder road
Routine maintenance cost — Rs 2.2 cr. per km per year

Special repair cost - Rs 238.32 cr. (5 years)

5.3.4 Project Benefits

All project benefits related to Vehicle Fleet for all the Three case studied are common
and details are mentioned in this section only.

Project Benefits mainly occurs due to reduction in Vehicle operating cost and travel time
savings.

The vehicle operating cost (VOC) components are,
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o [Fuel

Lubricants

o Tyres

Spare Parts

Maintenance Labour

Wages of Crew

Fixed costs including overheads, administration, interest on borrowed capital

Depreciations

e Travel time cost

1. Vehicle Fleet

Fleet Utilization

Fleet utilization data adopted for the analysis is based on the findings of Road User Cost
study in 2019, IRC SP: 30-2009. The adopted values are summarized as shown in Table
5.4 below,

2. Vehicle Resources

e Vehicle and Tyre Cost
Economic costs of vehicle and tyre are derived from the market survey Price for each
category of vehicle have been collected and elements of taxes, duties, freight, dealer’s
margin and incentives as applicable have been removed to arrive at the economic

costs. The adopted economic costs are summarized as presented in Table 5.5 below.

e Fuel & Lubricant
The details of fuel and lubricant prices for the state of Maharashtra have been
collected from the petrol pumps on the project road near Pune. Information on
Excise, Levy, Cess, Sales Tax and Agency Charges has also been collected to arrive
at economic cost for the analysis. Details of these are summarized in Table 5.6

below.

e Maintenance Labour and Crew Wages
Adopted values for Maintenance Labour and Crew Wages are based on the enquiries
made by the Consultant with transport operators and workshops in and around the

project Road. The adopted values are summarized vide in Table 5.7 below.
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Table 5.4: Vehicle fleet characteristics

Vehicle Two Car / | LCV | Mini | Trucks | Govt. | Private 3 MAV
Type Wheeler jeep bus Bus Bus Axle
No. of 2 4 4 4 6 10 10 10 18
Wheels
No. of Axle 2 2 2 2 2 3 3 3 >4 to 6
Tyre Type Radial Radial | Radial | Radial | Radial | Radial | Radial | Radial | Radial
Service Life 10 10 10 8 10 10 10 10 10
(Years)
Annual 400 550 1300 850 1200 1750 1700 2050 1650
Working
hours
Annual Km 10000 23000 30000 | 34000 40000 70000 72000 86000 81000
No. of Pas- 1 3 0 20 0 40 40 0 0
sengers
Private-Use 100 75 50 25 0 0 25 0 0
percentage
Work- 0 25 50 75 100 100 75 100 100
Related
passenger
trip
ESAL factor 0 0.000442 | 0.01 0.04 1.25 0.8 0.8 2.28 4.63
The Operat- 0.2 1.2 1.5 2.5 7.5 10 10 13 28
ing Weight
(Ton)
Table 5.5: Prices of vehicles
Name New Vehicle | Tyre Cost
Cost (Rs.) (Rs.)
Two-Wheeler 50000 1500
Car / jeep 600000 5000
LCV 400000 3500
Mini bus 1000000 10000
Trucks 1200000 14000
Govt. Bus 1800000 20000
Private Bus 2200000 25000
3 Axle 1500000 18000
MAV 2000000 18000
Table 5.6: Economic cost of fuel & lubricants
Item Rate Taxes and Duties Present Economic Cost/litre
Excise Duty | Other Levy | Sales Tax
Petrol Rs./Litre 19.48 35.23 38.11% 79.20
Diesel Rs./Litre 15.33 25.31 21.89% 70.03
Lubricants | Rs./Litre 16% Nil 18% 100
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Table 5.7: Labour and crew wages

Name Maintenance | Crew Wages
Labour (per | (per hr)
hour)

Two Wheeler 40 -

Car / jeep 70 50

LCV 100 70

Mini bus 100 150

Trucks 100 80

Govt. Bus 125 150

Private Bus 125 150

3 Axle 100 100

MAV 100 100

e Annual Overhead
Recommendations of the “Study for Updating Road User Cost Data: 2001”and IRC
SP: 30-2009 are considered to arrive at annual overhead cost per vehicle and are

summarised in Table 5.8 below,

Table 5.8: Annual overheads

Name Annual Overhead
Two Wheeler 1400

Car / jeep 240000
LCV 120000
Mini bus 450000
Trucks 360000
Govt. Bus 540000
Private Bus 660000

3 Axle 450000
MAV 600000

e Annual Interest

An Economic Interest Rate of 12% has been adopted for the analysis.

e Time Value of Passengers
Table 5.9 represents the calculation of Value of Travel Time from Net State Domestic
Product (NSDP) for Bus. From the time value of bus passenger, the time value of

mini bus, two wheelers, car was calculated and represents in Table 5.10.
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Table 5.9: Value of travel time for bus

Parameter Unit 2018

Net State Domestic Rs. Million | 1,99,60,980
Product (NSDP) as per
state Economic review,
Govt. of Maharashtra

A

;oi)ulation (B) Million 121.416
Working Population (C) Million 91.06

Work Time Value with, Rs/hr 121.48
33% overhead (D)

Non work Time Value at 30% (E) Rs/hr 27.40

Table 5.10: Value of travel time for another vehicle type

Vehicle Type Time Value (Rs/hr)
Work | Non Work
Bus 121.48 274
Mini Bus (= Bus * 1.2) | 145.78 32.88
Car (= Bus * 1.75) 212.59 47.95
2 Wheeler (= Bus * 1.4) | 170.07 38.36

e Time Value of Cargo
Average value of commodity is based on “Manual of Economic evaluation of Highway
Projects in India” (IRC SP: 30 — 2009). Time-delay cost is estimated with an
economic interest rate of 12% and economic conversion factor of 0.85 and provided

in Table 5.11

Table 5.11: Time value of cargo

Vehicle Type | Average Average Run- | Time-delay
Payload ning Time | Cost (Rs./hr)
(Tonnes) (hr/Year)
LCV 8.25 1300 26.00
Trucks 15 1950 35.00
3 Axle 17 2050 60.00
MAV 17 2050 60.00

3. HDM Traffic
Following category of fast moving and slow-moving vehicles are considered for carrying

out HDM 4 Analysis,

e 2 Axle Truck
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3 Axle Truck

Multi Axle Truck

o LCV

Utility Car

e Bus

e Mini Bus

e Car / Jeep / Van
e Two-Wheeler

As in this study for analysis in HDM-4 does not include 3-Wheeler and Agricultural
Tractor Categories of Vehicle therefore these categories are not considered in the analysis.
Percentage compositions of assigned traffic in AADT on the project road as on year 2018
and adopted for the analysis for the Project road are summarized as given in Table 5.12

below and Adopted traffic growth rates as per traffic analysis is Presented in same Table.

Table 5.12: Traffic volume count and annual growth rate of NH-4

Vehicle Type | Traffic Annual
Composi- Growth
tion (%) (%)

Two Wheeler 1.22 2

Car / jeep 29.77

LCV 15.35

Mini bus 0.98 3.5

Trucks 11.35 4

Govt. Bus 4.56 3.5

Private Bus 5.03 3.5

3 Axle 15.82

MAV 14.4 5

5.3.5 Economic Internal Rate of Return of NH-4

Economic Analysis has been carried out for construction option discussed above. Vari-
ables considered in for economic analysis of the project are volatile and depend on various
factors. In general, in case of economic analysis is also recommended that analysis period
should not be long as it may lead to erroneous results.

However, in order to be able to draw the conclusions on common platform Economic
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Analysis have also been carried out for 30 years of analysis period.

Economic Analysis was carried out following the methodology and input data discussed

in the preceding paragraphs of this report using HDM-4 software.

Economic Analysis was carried out and results of Net Discounted Benefits Stream and

Summary of Economic Internal Rate of Return (EIRR) for this case study are presented

in Table 5.13 and Figure 5.4 below respectively.

HDM 4 Economic Analysis Summary

Study Name: Capacity augmentaton of Mumbai Pune section of NH4

HIGHWAY DEVELOPMENT & MANAGEMENT

Run Date: 30-06-2020

This repart shows total ecanomic benefis using e ollwing

Currency: INR (milions).
Discountratg: 2.00%.
Analyss Mode: Analysis-oy-Project

Atermative: With Project vs Atemative: Base Case

: SavingsinNT|  Savings in : el Net

Increase in Road Agency Costs Suiggil Tovl | T Tl mﬂm Sull et

. Time Costs | & Operain Benefts

Coptl | Recument | Speci L gosls U1 o | e 19
Undscourted | 1443000 13820 10| AR 120008 000 000 000 230688
Oiscounte | 12,0336 M| 200080 3060823 686219 000 10 0100 278629

Economic Intemal Rate of Retumn (EIRR) = 41.0% (No. of solufions = 1)

Figure 5.4: Economic analysis summary of NH-4
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Table 5.13: Net discounted benefits stream of NH-4

Year | Increase in Road Agency Costs Savings in Road User | Total Net
Costs Benefit
Capital Recurrent Special Normal (4 Diverted)
Works Works Works Traffic
MT VOC | MT Time
2020 4,329.00 0 0 0 0 -43,290.00
2021 5,153.57 0 0 78.226 207.772 -51,249.71
2022 3,451.05 256.996 0 105.7919 183.718 -34,413.90
2023 0 50.229 0 109.4765 155.423 294.86
2024 0 44.847 | -1,287.401 169.903 126.1 289.83
2025 0 40.042 0 189.666 118.393 288.79
2026 0 35.752 0 208.194 967.63 1,144.68
2027 0 31.922 0 208.575 683.258 859.53
2028 0 28.501 0 210.441 414.666 598.34
2029 0 25.448 -730.506 212.171 402.588 593.94
2030 0 22.721 0 212.802 390.862 590.31
2031 0 20.287 0 216.802 379.478 587.6
2032 0 18.113 0 222.173 368.425 585.96
2033 0 16.172 0 228.407 357.694 585.58
2034 0 14.44 -414.509 235.645 347.276 703.03
2035 0 12.893 0 244.056 337.161 762.34
2036 0 11.512 0 370.20 327.341 1,632.54
2037 0 10.279 0 438.07 317.807 3,236.56
2038 0 9.178 0 609.49 308.55 5,151.12
2039 0 8.195 -235.203 1,316.71 299.563 7,066.93
2040 0 7.317 0 2,929.03 290.838 8,743.85
2041 0 6.533 0 4,851.75 282.367 10,034.75
2042 0 5.833 0 6,775.56 274.143 10,847.50
2043 0 5.208 0 8,460.33 266.158 11,208.60
2044 0 4.65 -133.461 9,758.92 258.406 6,216.98
2045 0 4.152 0 -594.21 -250.88 -118.1
2046 0 3.886 0 -1,156.33 -243.572 -391.67
2047 0 3.707 0 -1,622.45 -236.478 -625.38
2048 0 3.47 0 -2,005.25 -229.59 -823.74
2049 0 3.098 -75.729 -2,315.91 -222.903 1,706.33
Total: 12,933.62 705.38 -2,876.81 30,668.23 6,882.19 26,788.23
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5.4 Case Study-2) Widening of Existing Mumbai Pune Express-
way (MPEW) to Eight lanes from Existing Six Lanes

5.4.1 General

The Mumbai Pune Expressway (MPEW), presently known as Yashwantrao Chavan Ex-
pressway (YCEW), starts from Kalamboli Junction at NH-4 and ends at Kiwale Junction
of NH-4 Pune Westerly Bypass and is about 95 km long. It was constructed by MSRDC
and opened for traffic in 2002. The concession period is up to 30.04.2030. The MPEW
consists of six lane carriageways of rigid pavement with 2.50 m wide paved shoulder and

1.5 m wide soft shoulder on either side.
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Figure 5.5: Google image of Mumbai Pune Expressway

5.4.2 Road Network Data

The road network data collection in the field included road Inventory data and road ge-
ometric details, structural evaluation (structural capacity), functional evaluation (pave-

ment condition and riding quality) and evaluation of pavement material. The character-
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istics of selected road sections are presented in Table 5.14

Table 5.14: Road network data for Mumbai Pune Expressway (MPEW)

Pavement Type Surface Treatment on Sta-
bilised Base

Surface class Cement Concrete

Length (km) 95

Carriageway Width (m) 32

MT AADT 82870

AADT Year 2018

Rise + Fall (m/km) 10

Avg horizontal curvature (deg/km) 15

5.4.3 Project Economic Evaluation using HDM - 4

Economic evaluation for Mumbai Pune Expressway is carried out by consideration of two
alternatives In HDM — 4.

I. Alternative 1: Without Project

For without project consideration, project road will carry existing traffic on it without
any improvement and maintenance in present condition that means No treatment is
given to existing road for improving its capacity augmentation, functional and structural
pavement quality and geometry standards.

II. Alternative 2: With Project

Widening the existing road to six lanes with 32 m roadway width including reconstruction,
strengthening, bypasses and realignments to achieve the design speed of 120 kmph in
plain/rolling area.

The project road is 95.00 km long and connects Mumbai and Pune towns. Project
road is proposed to undertake work of strengthening, rehabilitation the existing road.
Accordingly, economic analysis of the project road is being carried out as Table 5.15
below:

Table 5.15: Alternative details for MPEW

Alternatives | Existing Chainage | Design Chainage | Improvement
From To From To

Alternative 2 | 04+000 | 94-+600 | 04000 | 954000 | 8 lanes with PS

The project road with existing carriageway width of 32 m is proposed for 8 lanes with

paved shoulders facility which satisfies the project and traffic requirement.
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The Economic analysis was carried out for 30-year benefit period (2020-2049). For per-
forming economic evaluation, a ‘project’ is formulated in which comparison is made be-
tween two scenarios namely (1) without any Improvements and (2) With different Im-
provements.

II1. Capital Cost

The construction cost for each alternative is tabulated in Table 5.16. The construction
cost of project will be utilised in three phases i.e. 30% in first year, 40% in second year
and other 30% in third year.

The cost estimate for each alternative has been calculated separately based on the quan-
tities worked out for major items of work to be executed in the project on the basis of
preliminary engineering design of roads, structures and the adopted rates. A conversion
factor of 0.85 has been used to convert financial cost into economic costs.

Table 5.16: Total project cost of MPEW

Alternatives Civil Works | Economical
Cost Per km Cost per km
Alternative 2: With Project 17.25 Cr. 14.66 Cr.

IV. Maintenance Cost
For Eight lanes with Paved shoulder road
Routine maintenance cost — Rs 2.46 cr. per km per year

Special repair cost - Rs 151.50 cr. (for 7 years interval)

5.4.4 HDM Traffic

Following category of fast moving and slow-moving vehicles are considered for carrying

out HDM 4 Analysis.

e 2 Axle Truck

3 Axle Truck

Multi Axle Truck

o LCV
e Bus
e Mini Bus

e Car / Jeep / Van
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As in this study for analysis in HDM-4 does not include 3-Wheeler and Agricultural
Tractor Categories of Vehicle therefore these categories are not considered in the analysis.
Percentage compositions of assigned traffic in AADT on the project road as on year 2018
and adopted for the analysis for the Project road are summarized as given in Table 5.17

below and Adopted traffic growth rates as per traffic analysis is Presented in same Table.

Table 5.17: Traffic volume count and annual growth rate of MPEW

Vehicle Type | Traffic Annual
Composi- Growth
tion (%) (%)

Car / jeep 40.77 7

LCV 10.22 3.5

Trucks 14.36 3.25

Private Bus 7.96 3

3 Axle 15.9 4

MAV 10.86 4

5.4.5 Economic Internal Rate of Return for MPEW

Analysis have been carried out for 30 years of analysis period and results of Net Dis-
counted Benefits Stream and Summary of Economic Internal Rate of Return (EIRR) for

Mumbai Pune Expressway are presented in Table 5.18 and Figure 5.6 below respectively.

H D M - 4 Economic Analysis Summary

Study Name: Capacity augmentation of Yashwantrao Chavan Expressway (MPEW)
Run Date: 02-07-2020

HIGHWAY DEVELOPMENT & MANAGEMENT

This report shows total economic benefits using the following
Currency: INR (millions).

Discount rate: 12.00%.

Analysis Mode: Analysis-by-Project

Alternative: With Project vs Alternative: Without Project

F Savings in MT|  Savingsin i Net Net
Increase in Road Agency Costs Savings inM Travel NMT Travel “I:tzilc;::t Exogena Economic
; Time Costs | & Operatin Benefits
Capital Recurrent Special ¥ (?osts 4 Costs s Benefits (NPV)
Undiscounted 10,286 49| 218073 -36,699.45  -139,324 69| -66,142.02| 0.00 0.00 0.00 67,752.69)
Discounted 18,443.18 511.67 -16,005.95)  20,990.235 6,157.749 0.00 000 000  24199.08

Economic Internal Rate of Return (EIRR) = 26.4% (No. of solutions = 1)

Figure 5.6: Economic analysis summary of MPEW
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Table 5.18: Net discounted benefits stream of MPEW

Year Increase in Road Agency Costs Savings in Road User | Total Net
Costs Benefit
Capital Recurrent Special Normal (4 Diverted)
Works Works Works Traffic
MT VOC | MT Time
2020 6,173.10 0 0 0 0 -6,173.10
2021 7,348.93 0 0 8.96 308.69 -7,031.28
2022 4,921.16 0.386 0 33.559 299.70 -4,588.28
2023 0 57.476 0 56.619 290.97 290.11
2024 0 51.318 0 78.276 282.50 309.45
2025 0 45.820 0 98.704 274.27 327.15
2026 0 40.910 -6,197.69 104.353 266.28 6,527.42
2027 0 36.527 0 104.956 258.52 326.95
2028 0 32.614 0 105.804 250.99 324.18
2029 0 29.119 0 106.927 243.68 321.49
2030 0 25.999 0 108.354 236.59 318.94
2031 0 23.214 0 110.118 229.69 316.60
2032 0 20.727 0 112.27 223.00 314.55
2033 0 18.506 -2,803.52 114.858 216.51 3,116.38
2034 0 16.523 0 117.95 210.20 311.63
2035 0 14.753 0 121.634 204.08 310.96
2036 0 13.172 0 126.013 198.14 310.98
2037 0 11.761 0 131.218 192.37 311.82
2038 0 10.501 0 145.46 186.76 321.72
2039 0 9.376 0 164.519 181.32 336.47
2040 0 8.371 -1,268.17 263.785 176.04 1,699.63
2041 0 7.474 0 288.918 170.91 452.36
2042 0 6.673 0 599.378 165.94 758.64
2043 0 5.958 0 1,413.85 161.10 1,569.00
2044 0 5.320 0 1,5661.07 156.41 1,712.16
2045 0 4.750 0 1,749.83 147.43 1,892.51
2046 0 4.241 0 2,093.09 223.390 2,312.24
2047 0 3.787 -5,736.56 2,655.06 166.708 8,554.54
2048 0 3.381 0 4,170.29 134.048 4,300.95
2049 0 3.019 0 4,244.41 101.505 4,342.90
Total: 18,443.18 511.676 | -16,005.95 20,990.24 6,157.75 24,199.08
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5.5 Case Study-3) Construction of New Alignment

5.5.1 General

Maharashtra State Road Development Corporation (MSRDC) has constructed Mumbai
Pune Expressway (presently known as Yashwantrao Chavan Expressway -YCEW) in the
year 2000. At the time of construction of the Expressway, the alignment between Khopoli
and Lonavala could not be constructed due to viability gap funding issues. In the hilly
alignment therefore, the length of the Expressway and NH-4 is common and entire traffic
from NH-4 as well as MPEW merge in this section and hence causes congestion. A need
therefore is felt to adopt another alternative alignment for the Expressway in this stretch.
The proposed new alignment starts in km 39 of Mumbai Pune Expressway and diverts
towards South —East passes through high mountains of Bor Ghat and meets again with
Mumbai Pune Expressway in km 58 near Singhad Institute. The link will have designed
speed of 120 Kmph with Expressway standards.

PROPOSED LINK

Figure 5.7: Google image of New Alignment
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5.5.2 Road Network Data

The road network data collection in the field included road Inventory data and road ge-
ometric details, structural evaluation (structural capacity), functional evaluation (pave-
ment condition and riding quality) and evaluation of pavement material. The character-

istics of selected road sections are presented in Table 5.19.

Table 5.19: Road network data for New Alignment

Pavement Type Surface Treatment on Sta-
bilised Base

Surface class Cement Concrete

Length (km) 19

Carriageway Width (m) 30

MT AADT 44560

AADT Year 2018

Rise + Fall (m/km) 10

Avg horizontal curvature (deg/km) 30

5.5.3 Project Economic Evaluation using HDM - 4

Economic evaluation for National Highway-4 is carried out by consideration of two alter-
natives In HDM — 4.

I. Alternative 1: Without Project

The first is a ‘without project’ (do minimum) where the existing six lane project road
is considered as such in its present condition and without any alternative alignment. In
this case, the future traffic volume is assumed to continue to flow along the existing road
only. In the HDM model analysis, this ‘do minimum’ alternative will form the first / base
strategy against which all other strategies will be compared.

II. Alternative 2: With Project

This comprises of the strategy of the ‘with project’ situation in the HDM model. In
order to arrive at the net benefits associated with this strategy, these are compared to
the ‘do minimum’ / ‘without project’ alternative. The improvement proposals considered
for ‘with project situation’ are as mentioned in Table 5.20 below:

By comparing the above alternatives, the net agency costs, the net user costs and the
net project benefits associated with the project during its analysis period of 30 years,
are calculated for the proposed improvement options. These calculations are performed

in order to arrive at their economic internal rate of return (EIRR) and economic net
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Table 5.20: Alternative details of New Alignment

Corridor Section Existing Length (Km) Proposal
Mumbai — Pune | Km 39/00 to 59/00 19 New alignment with
of Mumbai — Pune 8lane concrete road in-
Expressway cluding 2 tunnels of total

length 8.5 km, viaducts,

2 interchanges

present value (ENPV). Based on the results of the analysis, the economic feasibility for

the project is determined.

ITI. Capital Cost

The construction cost for each alternative is tabulated in Table 5.21. The construction
cost of project will be utilised in three phases i.e. 30% in first year, 40% in second year
and other 30% in third year. The cost estimate for each alternative has been calculated
separately based on the quantities worked out for major items of work to be executed in
the project on the basis of preliminary engineering design of roads, structures and the
adopted rates. A conversion factor of 0.85 has been used to convert financial cost into
economic costs.

Table 5.21: Total project cost of New Alignment

Alternatives Civil Works | Economical
Cost per km Cost per km
Alternative 2: With Project 252.50 Cr. 214.625 Cr.

IV. Maintenance Cost
For Eight lanes with Paved shoulder road

Routine maintenance cost — Rs 2.7 cr. per km per year

5.5.4 HDM Traffic

Following category of fast moving and slow-moving vehicles are considered for carrying

out HDM 4 Analysis.
e 2 Axle Truck
e 3 Axle Truck
e Multi Axle Truck

o LCV
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e Bus
e Mini Bus
e Car / Jeep / Van

As in this study for analysis in HDM-4 does not include 3-Wheeler and Agricultural
Tractor Categories of Vehicle therefore these categories are not considered in the analy-
sis. Percentage compositions of assigned traffic in AADT on the project road as on year
2018 and adopted for the analysis for the Project road are summarized as given in Table

5.22 below and Adopted traffic growth rates as per traffic analysis is Presented in same

Table.

Table 5.22: Traffic volume count and annual growth rate of New Alignment

Vehicle Type | Traffic Composition | Annual

(%) Growth
(%)

Car / jeep 37 7

LCV 11 3.5

Mini Bus 2 3.25

Trucks 16 3.25

Bus 7 3.5

3 Axle 16

MAV 11

5.5.5 Economic Internal Rate of Return for New Alignment

Analysis have been carried out for 30 years of analysis period and results of Net Dis-
counted Benefits Stream and Summary of Economic Internal Rate of Return (EIRR) for

New Alignment is presented in Table 5.23 and Figure 5.8 below respectively.
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Table 5.23: Net discounted benefits stream for New Alignment

Year Increase in Road Agency Costs Savings in Road User | Total Net
Costs Benefit
Capital Recurrent Special Normal (4 Diverted)
Works Works Works Traffic
MT VOC | MT Time
2020 12,233.63 0 0 0 0] -12,233.625
2021 14,563.84 0 0 0.786 955.971 | -13,607.081
2022 9,752.57 93.099 0 0.86 539.179 -9,305.631
2023 0 126.118 0 0.94 190.539 65.361
2024 0 112.606 0 1.14 174.370 62.904
2025 0 100.541 0 1.22 169.291 69.968
2026 0 89.769 0 1.301 164.361 75.893
2027 0 80.151 0 1.392 159.573 80.814
2028 0 71.563 0 1.489 155.036 84.962
2029 0 63.895 0 1.593 150.413 88.111
2030 0 5.2 0 1.705 146.032 142.537
2031 0 4.643 0 1.826 141.779 138.962
2032 0 4.145 0 1.957 137.649 135.461
2033 0 3.701 0 2.097 133.640 132.036
2034 0 3.305 0 2.248 129.748 128.691
2035 0 2.951 0 241 125.969 125.428
2036 0 2.634 0 2.585 122.300 122.251
2037 0 2.352 0 2.774 118.738 119.160
2038 0 2.1 0 2.976 115.279 116.155
2039 0 1.875 0 3.197 111.922 113.244
2040 0 1.674 0 3.436 108.662 110.424
2041 0 1.495 0 3.692 105.497 107.694
2042 0 1.335 0 3.969 136.664 139.298
2043 0 1.192 0 215.263 99.441 313.512
2044 0 1.064 0 200.176 96.545 295.657
2045 0 0.95 0 214.602 93.733 307.384
2046 0 0.848 0 230.067 91.002 320.221
2047 0 0.757 0 246.646 88.352 334.241
2048 0 0.676 0 264.420 85.779 349.523
2049 0 0.604 0 283.476 63.237 346.109
Total: 36,550.03 781.242 0.00 1,700.24 4,910.698 30,720.339
Civil Engineering Department: Construction Management 53



Economic Feasibility Analysis of Highway Projects Using Highway Development and Management
(HDM-4) Model

H D M ’ 4 Economic Analysis Summary

Study Name: Mumbai- Pune Missing Link
Run Date: 04-07-2020

HIGHWAY DEVELOPMENT & MANAGEMENT

This report shows total economic benefits using the following:
Currency: INR (millions).

Discount rate: 12.00%.

Analysis Mode: Analysis-by-Project

Alternative: With Project vs Alternative: Base Case

y Savings inMT|  Savingsin . Net Net
Increase in Road Agency Costs SwingsinM|  Trave NIT Travel "F::dcumcctils:t Cit Eeshorik
. Time Costs | & Operatin Benefits
Capital | Recurrent |  Special Yog Cposts T coss | sBenefis (NPY)
Undiscounted 40778.75 1,680.09 0.00 32532 §,367.34 0.00 0.00 000 | 36060987
Discounted | 36,50.03 78124 0.00 170024 491070 0.00 0.00 000| 30720339

Economic Internal Rate of Return (EIRR) = 23.2% (No. of solutions =1)

Figure 5.8: Economic analysis summary for New Alignment

5.6 Closure

The chapter explains the details of three case studies use for economic analysis along
with road network data, vehicle fleet, characteristics data, maintenance and improvement
standards used for each case study and finally represents the results for each case study
with net discounted benefit stream for 30 yrs project life and summary of economic

analysis.
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Chapter 6

RESULTS AND DISCUSSION

6.1 General

Discussion of results is carried out based on economic performance of the proposed compo-
nents by comparing the with-project and without project scenarios. Also, socio economic

benefits of research work are explained.

6.2 Results and Discussion

The project were analysed by comparing base case (without improvement) and project
case (with improvement) alternatives in the discounted total cost connected with project
for three case studies and values of discounted costs for capital work, vehicle operating
costs and travel time costs are explain with the help of graphs of cost comparison for
each case study.

The variation in costs for particular variants related to total costs of base case and project

case of Mumbai Pune section of NH-4 is as given in Table 6.1 and Figure 6.1.

Table 6.1: Costs for particular variants of NH-4

Kind of Costs Base Case | Project Case
Capital Cost 18% 1%
Vehicle Operating Costs 51% 65%
Travel Time Costs 31% 34%
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Mumbai Pune Section of NH-4

Capital Cost vocC TTC

m Base Case

m Project Case

Figure 6.1: Graph of costs variation for NH-4

The variation in costs for particular variants of Mumbai Pune Expressway is as shown in

Table 6.2 and Figure 6.2.

Table 6.2: Costs for particular variants of MPEW

Kind of Costs Base Case | Project Case
Capital Cost 5% 1%
Vehicle Operating Costs 59% 61%
Travel Time Costs 36% 38%

Mumbai Pune Expressway

m Base Case

B Project Case

-

Capital Cost vac TTC

Figure 6.2: Graph of costs variation for MPEW
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The variation in costs for particular variants of New Alignment is as shown in Table 6.3

and Figure 6.3.

Table 6.3: Costs for particular variants of New Alignment

Kind of Costs Base Case | Project Case
Capital Cost 13% 7%
Vehicle Operating Costs 57% 60%
Travel Time Costs 31% 32%

New Alignment

B Base Case

H Project Case

—i

Capital Cost vVOoC TIC

Figure 6.3: Graph of costs variation for New Alignment

Above results shows that, comparing total costs of the base case and total costs of the
project case provides the result proving good intention to carry out the project. The
project case option brings bigger costs for investor connected with the investment (the
construction and the recurrent), also vehicle operation costs are bigger in the case of
the base option. Other socio-economic costs connected with the travel time is lower in
the case of the project variant and users always wanted to at least 30% reduction in
their current travel time cost. In those cases, it possible to expect quite interesting cost
savings.

To test the economic viability, the EIRR was calculated based on the incremental cost
and benefit streams associated with each case study. The economic analysis evaluated the
economic performance of the proposed components by comparing the with-project and
without project scenarios. The results summary of project case studies is summarised in

Table 6.4 below. All project costs in below table are in million.
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Table 6.4: Result summary of economic analysis

Case Study Road Agency Cost Road User Cost ENPV EIRR
Capital Cost | Recurrent Cost vVOoC TTC
Mumbai Pune Sec- 12,933.62 705.38 30,668.23 | 6,882.19 | 26,788.23 | 41.00%
tion of NH-4
Mumbai Pune Ex- 18,443.18 511.676 20,990.24 | 6,157.75 | 24,199.08 | 26.40%
pressway
New Alignment 36,550.03 781.242 1,700.24 | 4,910.70 | 30,720.34 | 23.20%

6.3 Socio Economic Benefits

The socio-economic benefits of highway projects are depending on reduction in vehicle
operating cost, reduction in travel time cost, reduction in accident cost and environment
emission cost. As this project work has not consider accident cost and environment
emission cost. Therefore, comparing the Socio-economic benefit connected with VOC
and TTC for all the three case studies, provide good results. The comparative analysis
graph presented in Figure 6.4 below shows great reduction in vehicle operating costs and
travel time costs as comes from improvement of existing routes to construction of new
alignment in required section. Though, the economic internal rate is lower as compared

with case study-1 and case study-2 because capital work cost is higher for case study-3.

Socio Economic Cost Comparision

ENH-4
a MPEW
® New Alignment

[

vocC TEE

Figure 6.4: Graph of VOC and TTC comparison for 3 case studies
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Other Expected Socio-Economic Impacts for Highway Projects:

Better road, free and fast movement of goods and traffic, direct link with the adjoining
places of the cities will not only earn economic benefits to these cities but also bring in
many more inputs towards social development. Some of socio-economic benefits of the

project are being enumerated out as below.

e Travel times will greatly reduce and local communities will enjoy enhanced accessibil-
ity to socio-economic services (health centres, markets, employment opportunities),

with reduction in travel time.

e Reduced travel times will reduce vehicle operating costs (VOCs) for local commu-
nities and auto rickshaw, bus, and truck operators, thereby reducing maintenance

costs and increasing profits.

e More services will be available along the route (large/small buses, trucks/pickups,
three-wheelers, etc.) via private and public sector operators. More frequent and

better-quality services will be available around the clock.

e Income and employment opportunities will increase as a result of the diversification

of commercial enterprises.

e Improved connectivity will give better access to opportunities in non-agricultural

work, including the ability to commute every day.
e Opening of new enterprises with new job opportunities for locals.

e Roadside land values will increase as a result of better accessibility and new business

opportunities in the area.

e Adequate road communication will link local communities to mainstream develop-

ment programs.

e Local communities will be able to access the local government health centres and

hospitals.

e Accessibility to educational institutes will encourage students to pursue higher edu-
cation. Convenient transportation will increase social interaction and cultural bond-

ing.
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6.4 Closure

The chapter conclude that by comparing without project and with project scenario proves
that with project scenario is more beneficial and comparison of VOC and TTC for all
case studies gives socio economic benefits of project, also this chapter include other social

benefits of this highway projects.
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Chapter 7

CONCLUSION

7.1 General

The chapter comprises of the conclusions which are obtained after analysing percentage
of EIRR and discussion of the results is carried out. Based on all scenario conclusion

procured as in below section.

7.2 Conclusion

1. This research work uses internal rate of return method for economic evaluation of
projects and for flexible economic decision process, there is software tool HDM-4,
which is most widely used. Thanks to its complexity and flexibility to include high
number of factors and selected economic inputs of road conditions, geometry, vehicle

basic characteristics, their economic costs have found this tool as suitable.

2. The traffic analysis performance considers traffic composition and percentage of

annual traffic growth for 30 years of benefit period from the opening year i.e., 2018.

3. For the present purpose, the viability has been established by assessing the Economic
Internal Rate of Return (EIRR) and Net Present Value (NPV) using the discounted
cash-flow technique for the NH-4, MPEW and New alignment. The EIRR has been
compared with the accounting rate of return of 12 percent. As in all these scenario

EIRR is higher than 12%, the proposed investment projects are economically viable.

4. Performing comparative analysis of VOC and TTC for all case studies shows socio

economic performance of proposed new alignment proves more beneficial than others.
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7.3 Future Scope

The proposed work provides analytical structure to examine the ability of a project to
improve social welfare and decision making but not consider the factors for financial
analysis. The future research will analyse profit, solvency, liquidity and efficiency from

financial analysis and it will give more exact picture for managerial decision.

Civil Engineering Department: Construction Management 62



REFERENCES

[1] D. A. Pavan R. Vyas, “Project level analysis using development and management
model (hdm-4) : A case study,” Construction Conference Research, vol. 2, pp. 82-87,
2016.

[2] R. Tomek and S. Vitdsek, “Improvement of economic effectiveness of road highway

projects,” Procedia engineering, vol. 164, pp. 395-401, 2016.

[3] L. S. C. V. B. Malsawmkima, Lalnundanga, “Impact of road construction on the
socio-economic condition of the communities in the hilly terrain of lunglei district,

mizoram, india,” Science Vision, vol. 15, no. 329, 2015.

[4] Y. Jiang, Y. Ma, S. Li, G. Zhao, and X. He, “Economic analysis of highway de-
sign exception projects,” in Challenges and Advances in Sustainable Transportation

Systems, pp. 206-222, 2014.

[5] U.S. Yogesh, S. Jain, and T. Devesh, “Adaptation of hdm-4 tool for strategic analysis
of urban roads network,” Transportation Research Procedia, vol. 17, pp. 71-80, 2016.

(6] J. Korytarova and V. Hromadka, “The economic evaluation of megaprojects-social
and economic impacts,” Procedia-Social and Behavioral Sciences, vol. 119, pp. 495—

002, 2014.

[7] R. B. Corotis, “Highway user travel time evaluation,” Journal of Transportation

Engineering, vol. 133, no. 12, pp. 663-669, 2007.

[8] H. Kerali, “Economic appraisal of road projects in countries with developing and

transition economies,” Transport Reviews, vol. 23, no. 3, pp. 249-262, 2003.

[9] IRC:SP:30, “Manual on economic evaluation of highway project in indias in civil

engineering 2009,”

[10] C. Bennett and W. Paterson, “The highway development and management series
vol. 5: A guide to calibration and adaptation,” World Road Association (PIARC),
Paris, France, 2000.

[11] H. Kerali, R. Robinson, and W. Paterson, “Role of the new hdm-4 in highway man-
agement,” in 4th International Conference on Managing Pavements, pp. 1-14, Cite-

seer, 1998.

63



[12] H. Kerali, J. Odoki, D. Wightman, and E. Stannard, “Structure of the new highway

7

development and management tools hdm-4,” in Fourth International Conference on

Managing Pavements, vol. 2, pp. 961-973, 1998.

64



LIST OF PUBLICATIONS ON PRESENT WORK

[1] Pratiksha Patil, Dhananjay S. Patil, “Economic Feasibility Analysis of Highway
Project using Highway Development and Management (HDM-4) Model 7, Interna-
tional Journal of Engineering Research and Technology, Vol. 9, Issue: 7, 2394-1529,
July 2020. (Published)

65



Published by : International Journal of Engineering Research & Technology (LIERT)
http://www.ijert.org ISSN: 2278-0181
Vol. 9 Issue 07, July-2020

Economic Feasibility Analysis of Highway Project
using Highway Development and Management
(HDM-4) Model

Pratiksha. R. Patil Prof. Dhananjay. S. Patil
Dept. of Civil-Construction Management Engineering Dept. of Civil-Construction Management Engineering
Rajarambapu Institute of Technology, Rajarambapu Institute of Technology,
Maharashtra, India Maharashtra, India
Abstraci— A well-developed transportation system plays 1. OVERVIEW OF HDM-4
vital role in economic development of the country. The huge HDM-4 is a computer software for Highway

increase in vehicular population creates traffic congestions on Development and Maintenance Management System, 1i is a
city roads. Thus, to reduce traffic bottleneck, creation of new dccisian-making i) o chccking the Enginccring aid
road infrastructure as well as improvement of existing one has Econormic viability of the investments in road projects. The

long term economic and social benefits. The economic benefits : ;
are calibrated on the basis of Economic Internal Rate of Returns World Bank for the global use has developed it. Following

(EIRR). The Mumbai and Pune are the major cities of re the three main areas of analysis in HDM-4 which can be
Maharashra state, due to economic and industrial development  Undertaken using the following applications: Project analysis,
in those cities faces frequent and heavy traffic jam on highway  Programme analysis and Strategy analysis:
connecting to both cities. The scope of present study consists of World Bank for the global use has developed it.
evaluating the impact on traffic and checking economic viability  Following are the three main areas of analysis in HDM-4
of the prujcct: Strengthening and widcning fnrlsix lanes flexible \w1-oh oan be undertaken using the following applications:
sl vieck nomed i wia: e fechomiyt 14, The Project analysis, Programme analysis and Strategy analysis:
HDM-4 is software used for checking the engineering and . : : ;

¢ Project analysis: Project analysis allows the users to

cconomic viability of the investment in this road project. It was i , : i
observed that results obtained with improvement alternatives assess the physmal. functional and economic fcasﬂ:ullly

are sconiomic viabile. of specified project aliematives by comparison against a
Keywords— Traffic congestions; Economic Internal Rate of base case (do nothing). The project analysis can be done
Returns (EIRR); HDM-4 software; Economic viability; Social for maintenance of existing roads, improvement of
benefits. existing roads, new construction, Stage construction,
Project evaluation.

; L INTRODUCTION ~» Program Analysis: Multi-year rolling program for road
Highways are the dominant mode of transportation in network through maximization of NPV/Cost ratio. It
India. Due to improvement in- transportation network, deals primarily with the prioritisation of a defined long
reduction in transportation costs can be realized in numerous list of candidate road projects into a one-year or multi-
ways, such as de“CTiUﬂA in ;Tﬁ"'-‘l gimcj decrease Lin IVChiIC“i year work programme under a defined budget constraint.
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Abstract— The buge growth in vehicle population directly impacts on pavement deterioration trends. Road network deferiorates
extensively due to the traffic and environmental factors which directly effects Vehicle Operating Cost (VOC). For well-developed
transportation it is important fo maintain existing road network and check economic viahility of various maintenance and
rehabilitation alternatives. The Highway Development and Management (HDM-4) is software used for taking decision to
management by predict future economic, social, technical and environmental outcomes while taking the investment decisions, This
paper has heen aimed at studying the best maintenance and rehabilitation alternative on National Highway NH-4 at Maharashtra
State. The most effective and economic maintenance strategy is determined and HDM-4 software proves an appropriate design tool

for pavement with properly calibrated model.

Keywords— Maintenance and Rehabilitation, Economic Analysis, HDM software

. INTRODUCTION

Road transportafion plays a domumating role i the fofa
transportation system of India. The road trensportaion
system plays @ key role i the economic and social
evelopment of the country. More preference 15 grven fo
toad transport because it provides easy aceess, fexibily,
door-to-door service and reliabilty for both passengers as
well as freight movement compared to offier modes of
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Il METHODOLOGY

The scientific methodology adapted forths research paper
mnclude data collection of selected road section and dafa
analyss. This dafa includes l primary data, traffic dafa
previous road condition dafa and cost relafed defa. The
FIDM-4 15 sofiware use this data af project level for 15 years
analysts period. Selected road strefch 1 divided o four
sections each of 15 KM according to their roughness and
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9. Synopsis of Proposed Work:

Introduction and Relevance:

Roads are the dominant mode of ransportation in India. Roads carry almost 85 percent of
the country’s passenger traffic and more than 62 percent of its fright traffic. Due to
improvement in transportation network, reduction in transportation costs can be realized in
numerous ways, such as reduction in- travel time, decrease in vehicle operating costs,
mereased safety and reduction in the level of air and noise pollution. In addition to
reduction in transportation cost, it also increases comfort 1o passengers and also enhancing
land value [Pavan R. Vyas, ct. al. 2010).

A well-connected transportation network ensures a faster and more reliable travel times.
This is important as time spent in traffic jam resubed in wasteful L\an(lithc on fuel, out
of pocket expenses as well as time which could have been utilized in other productive
activines. A high-quality road newwork is important for high level of cconomic
performance. It helps in sustained cconomic prowth, increases the productivity, helps in
mcrement noregional development and increases competitiveness. The infrastructure
prajects bring cconomic benelits in long-term by raising the productivity, innovation,
lower prices, increases the income and overall creates more jobs thus bring more boom to
the cconomy. A well-plan transportation network helps the business to expand. It allows
busine

s 1o panape their inventories and transport goods more cheaply and efficiently as
well s access a vanety supphiers and markets for their products making it more making it
more cost-cflective for manufacturers 1o keep productions in and out Thus, the priority to

reduce the infrastructure bottleneck s important for any government. This requires
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creation of more and more road infrastructures and maintenance of the existing once [Dr.
¢

Dipti Rajan. 2015].

l'.hc dccisinninmkiug process tor development of best suitable infrastructure strategy lor
I”F'"f ay Sf‘qlﬂn sutlers from lack of customized cconomic evaluation tools. The “Word
Bank's .“Igh\\'ﬂ_\' Development and Management Tool (HDM-4), developed by the
ln-lcrnnlmn.)l Study of Highway Development and Management (ISOHDM) funded by
Waorld Bank. presents a good frame work for cconomic evaluation of road investments on

improvements.

About Study Area: For cconomic analysis of Mumbai Pune Expressway (presently
carch work will show

known as Yashwantrao Chavan Expressway -YCEW), this res

comparison between three alternative routes which are:

1) Existing Four lane alignment in the ghat section ol stretch 24 km.

1) New alignment of 12 km with tunnel and viaduct.

1) Widening 10 6 lanes of existing route of stretch 24 km.

Literature Review:

1)

AMohammadsina  Semnarshad. al. (2018) “Evaluation of the Effects of

Maintenance and Rehabilitation Projects on Road User Costs via HDM-4
Software”

This paper includes the calculation and comparison of Road Agency Costs (RACSs)
with Road User Costs (RUCs) resulted from certain types of M&R interventions on
2 selected roads network located in eastern part of Tran. HDM-4 was used to carry
out cconomic analysis using localized data and calibrating the software as well as
collecting the required information, long-term effects of preservation alternatives
associated with their costs. To collect the distresses on the selected road network,
the procedure presented in ASTMDO433 was used. According to the standard, the
area of 230+90 square meter has been specified for a sample unit. Results showed
that RUCs were approximately 10 times higher than RACs on cach route of
celected road network, It was concluded that vehicle fuel consumption was in direct

relationship with pavement roughness.
(2010) “Project Livel Analysis using Highway

Pavan R. Vyas, et al
Development and Management Model (HHDM-4): A Case Study™
The author states that HDM-4 is a support system for taking decision by highway

and engineers by predicting the economic, social and environmental

administrators
which might occur while making the investment decisions. This paper

fnpacts
includes # case study of road seetion ol a State Highway SIS in Karnataka State,
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The decsion-making process for selection of mamtenance and  rehabilitation

strategy rehabilitation strategy for road section suffers from lack of custemized

ceonomic evaluation tools. The Word  Bank™s  Highway  Development  and
Management Tool (HDN-2). developed by the international Study of Highway
Development and Management (ISOHDM) funded by World Bank. presents a
zood frame work for economic evaluation of road investments on maintenance.

This study includes collection and analyvsis of functional condition and structural
condition data of the road section under study. The previous maintenance and
rehabilitation data, Traftic data. and other cost related data are obtained tfrom
sccondary sources. Using the above data, a Project level analysis id carried out in
HDM - 4 software form 10 vears. The obtained results are analyzed and the tinal
optimum strategy for each rad scction is decided based on the economic indicators

like IRR and Net Present Values' Cost ratios.

Ing. Radan Tomek et al. (2016), “Improvement of Economic Effectiveness of
road highway projects.™

The author studied deficiencies in the current investment decision process to the
highway network and with the major problems and in cffectivities in the
consecutive phase of realization. The approach of this research paper is to reveal
the possibilities to improve effectivity of realization phase through proposal of the
very conerete measures. This paper depicts the current road infrastructure situation
in the Czech Republic, local state offices and agencies and uses local transport
infrastructure data. The author analyses global experience and its findings aspirc to
be of general validity and applicability. The author concluded that evaluating
competing bids on the basis of the investor’s own flowless control budget and
rejecting those bids of the abnormally low or high values by a pre-set strict rule.
Also he concluded that the execution of own technical supervision i.e. none
outsourcing being acceptable for this task.

Dr. Dipti Ranjan Mohapatra et al. (2015),"An Economic Analysis of
Improvement of Road Infrastructure : A Case Study™

The author studied about transportation network. Traffic congestions are major
botticneck of smooth functioning of a city transportation network. The sensitivity
analysis also proved the economic viability all the projects. Overall the proposed
investment programs are cconomically viable. In this paper a benefit-cost analysis
has been carried out to find out the cconomic viability of road infrastructure
improvement projects in the city of Chandigarh. The author concluded that the
EIRR (Economic Internal Rate of Return) has been compared with the accounting
rate of 12%. The annual cost and benefit streams are used 1o derive the net cash
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flow for the project. For the present purpose the viability has been established by
assessing the EIRR and Net Present Value (NPV) using the discounted cash-flow
technique for the flyover/bridge/underpass projects respectively. A sensitivity

————————

analysis was carried out 1o test the cconomic strength of the project.

) B. Malsawmkima ct al. (2015), “Impact of road construction on the socio-
cconomic condition of the communities in the hilly terrain of Lunglei district,
Mizoram, India.™
Roads arc the major means of transportation and communication. The author
studied that the impact of roads and road construction on the socio-cconomic status
of community direetly within the project site. Author studied and analyzed pre-
construction and post-construction conditions of the community through collection
of various parameters. The study revealed that the construction of roads not only
improves the livelihood community but also increases the number of educational
institutions and health centers as well. Author concluded that the construction of
proper road channels increases the efficiency of import and export of goods and
services to a great extent. The increased in number of educational institutions as a

result of this project also improves the literacy of villagers.

6) Shah Yogesh U. et. al. (2014) “Adaptation of HDM-4 Tool for Strategic
Analysis of Urban Roads Network™

| This paper describes the adaptation of the World Bank's highway development and
] management model HDM-4 at the strategic level. Urban road network of 21
{ sections. consisting of total 60 km road length of Noida city, near New Declhi,
3‘ capital of India, were analyzed. The analysis was carried out to maximize the net
f present value (NPV) and minimize the costs to achieve a desirable target
I’I international roughness index (IRI). Min arecas of analysis in [IDM-4 include
Project analysis. Program analysis and Strategy analysis. Data collection for all
| pavement sections was aimed 1o meet the requirements of HDM-4 input system.
f The process of data collection was classified as Road Network Data, Vehicle Fleet
Data and Maintenance and Rehabilitation Works History. This analysis presented
the need for the optimal capital and recurrent maintenance required to maintain the
urban road network in serviceable condition. It was found that the urban roads can

be managed and maintained effectively using the strategy application of HDM-4,

7) Ross B. Corotis (2007), “Highway User Travel Time Evaluation®
In this paper the improved highway network is how to benefit to socicty is studied
of which the reduction of travel time is one of the most important. A full life cyele
of cost assessment of project requires a future savings in travel time projected over
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a project’s life time. The author has investigated an alternative approach to the very
important valuation of user time which is beneficial for the new projects and cost
items during construction and maintenance. Author hypothesized in this paper that
the amount of work time remains relatively independent of commuting time and
instead of amount of time left for other activities is directly affected. Author
discussed some issues in this paper include regional differences and discounting.
This paper suggests that the lifestyle actions taken by individuals differ greatly
under those different circumstances. The value of user travel time is a very
important aspect of transportation project and must be included.

Research Gap:

The above researches do not consider alternative routes for highway development
project. These mentioned researches have considered maintenance and improvement

strategies for selected highway case studics. But by considering future traffic growth,

there is need to develop highways for carrying traffic. Modification and
can be useful for controlling the heavy traffic

implementation of alternative options
t be

demand on major transportation routes. These proposed alternatives mus
economically viable and also achieves social benefits.

Problem Statement:

The most important aspect which effects on highway construction is economical

returns of project. The project aims to study economic benefits from the
investment. Also help in raising the welfare of society. So, this project aims to use
suitable strategy for economic analysis using HDM-4 software and states the social

benefits from project.

Proposed Objectives:
Following are the objectives of the proposed work,
1. To choose the economic parameters for economic analysis of highway projects.
2. To perform traffic analysis for application on Highway Development and Management

(HDM-4) software.
3. To analyze economic viability of proposed alternatives in terms of economic internal

rates of return by HDM-4 software.
4. To perform comparative analysis and show socio-economic benefits of proposed

alternatives from results obtain.

Page 6 of 9
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Proposed Methodology:

To meet the objectives of dissertation work following methodalogy has been proposed.

Problem Identification J

Data collection |

I

Delining alternatives for praject

work

Qoltware related information

Trallic Data

Economic analysis by HDM-4

I State social benefits of project
Results and conclusion

Plan of Proposed Work:

Phase-1 (July-Sept 2019)

a) Study of literature related to economic analysis for transportation project.

b) Collecting literatures and information of HDM-4 software.
¢) Deciding study arca for research work.

Phase-I1 (Oct-Dec 2019)

a) In-detail lcarning of HDM-4 software.

h) Collection of data of traffic, accidents and the data of various survey.

¢) Defining the inputs required for three different alternatives.
Phase-11 (Jan-March 2020}

a) iconomic analysis of three alternative routes through HDM-4 software.

System definition for Defining input parameters
deline alternatives
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i Phase-1V (April-May 2020)

; a) Results iie. comparison between alternatives on the basis of obtain EIRR value and
define socio-economic benefits of alternative.

by Conclusion and Report writing,

Following table shows the expected time required to complete phase work.

.\I(mth’(.-lul.\' 2019 to June 2020)

FER | MAR | APR l\l‘\“]-'l‘N JUL

i
Activity
) L avaTserr Tocy
1

NOV | DEC | JAN

|

Phase 1

Phase 11

Phase 111 i
Phase 1V [ I —

10. Facilities Available:
The followine facilities to carry out experimental and soliware work are available at Dhruv
Consultaney Services Ltd., Navi Mumbai and Rajarambapu Institute of Technology,

Rajaramnagar.
College central library for refer journals and books.

I.
Digital library for refer literature from national and international journals.

[V

Departmental computer lab for structural software.
External Source-Dhruv Consultancy Services Ltd., Navi Mumbai.

=

11. Expenditure for Project

e The whole expenditure for the project will be sponsored by Dhruv Consultancy
Services Ltd., Navi Mumbai.
e The Material, equipment’s and software’s will be sponsored by the same.

12. Expected Date for Completion of Work: - Jun 2020
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INTRODUCTION

1.1 General

Roads are the dominant mode of transportation in India. Roads carry almost 85 percent
of the country’s passenger traffic and more than 62 percent of its fright traffic. Due to
improvement in transportation netwark, reduction in transportation costs can be realized

in numerous ways, such as reduction in travel time, decrease in vehidle operating costs,
Repeated Word
Repeated Word Hore...
increased safety and reduction in the level of air and noise pollution. In addition to reduction in transportation cost, it also increases comfort to passengers and also

enhancing
[and value [1].

A well-connected transportation network ensures a faster and more reliable travel time.
Repeated Word
More... Repeated Stem

This is important as time spent in traffic jam resulted in wasteful expenditure on fuel, out
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[
The following are the parameters required for the economic analysis of a highway project.

4.3.1 Analysis Period
Analysis period includes the construction period as well as the benefit period.
4.3.2 Project Cost
Construction cost for economic analysis includes Land Acquisition, Resettlement & Rehabiitation, environment and utiity shifting a cost along with civil construction cost.
4.3.3 Road and Pavement Characteristics
Road and pavement characteristics that are used for economic analysis include road
Repeated Stem Repeated Stem
length, carriageway width, width of paved shoulders, existing pavement composition,
sub-grade CBR, roughness of the existing road (IRI), structural number and cracking,

raveling and other pavement distress parameters.

4.3.4 Routine and Periodic Maintenance Cost
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