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About This Manual

This manual is a task-oriented guide describing typical examples of different types of
analyses using HDM-4 Version 2.0. It is designed for users that are familiar with HDM-4 who
wish to know how to perform HDM-4 analyses or create a study. This manual is one of
seven volumes comprising the suite of HDM-4 documentation as illustrated below.

Volume 1
Overview of HDM-4
Volume 2 Volume 3
Applications Guide Software User Guide
Volume 4 Volume 5
Analytical Framework and A Guide to Calibration and
Model Descriptions Adaptation
Volume 6 Volume 7
Modelling Road Deterioration Modelling Road User and
and Works Effects Environmental Effects

The suite of documents comprises:

Overview of HDM-4 (Volume 1)
A short executive summary describing the HDM-4 system. It is intended to be used by all
readers new to HDM-4, particularly high level management within a road organisation

Applications Guide (Volume 2)
A task oriented guide describing typical examples of different types of analyses. It is to
be used by users who wish to know how to perform a task or create a study.

Software User Guide (Volume 3)
Describes the HDM-4 software. It is a general purpose document which provides an
understanding of the software user interface.

Analytical Framework and Model Descriptions (Volume 4)
Describes the analytical framework and the technical relationships used within the HDM-
4 model. It contains comprehensive reference material describing the characteristics of
the modelling and strategy incorporated in HDM-4. It is to be used by specialists or
experts whose task is to carry out a detailed study for a road management organisation.

Applications Guide i
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A Guide to Calibration and Adaptation (Volume 5)
Suggests methods for calibrating and adapting HDM-4 models to allow for local
conditions existing in different countries.

Modelling Road Deterioration and Works Effects (Volume 6)
Describes the development and basis for the relationships in HDM-4 used for modelling
road deterioration and works effects.

Modelling Road User and Environmental Effects (Volume 7)
Describes the development and basis for the relationships in HDM-4 used for modelling
road user and environmental effects.

Structure of this Manual

The aim of this Applications Guide is to demonstrate the different applications of HDM-4
version 2.0 through selected case studies. The case studies are described in detail and may
be reviewed using the data files included on the CD-ROM.

Part A contains a short description of the life-cycle analysis framework used in HDM-4. The
concepts of analysis for projects, programmes and strategies are described in Parts B, C and
D respectively. Example case studies for Project Analysis are given in Part E, Programme
Analysis case studies in Part F and Strategy Analysis case studies in Part G.

ISOHDM Products

The products of the International Study of Highway Development and Management Tools
(ISOHDM) consist of the HDM-4 suite of software, associated example case study
databases, and the Highway Development and Management Series collection of guides and
reference manuals. This Volume is a member of that document collection.

Customer Contact

Should you have any difficulties with the information provided in this suite of documentation
please do not hesitate to report details of the problem you are experiencing. You may send
an E-mail or an annotated copy of the manual page by fax to the number provided below.

HDMGlobal welcomes any comments or suggestions from users of HDM-4. Comments on
the Applications Guide should be sent to the following address:

E-mail: hdm4@hdmglobal.com
Tel +44 — 121 — 414 6717
Fax: +44 — 121 — 414 5160
Post: Dr E. E. Stannard

School of Civil Engineering
The University of Birmingham
Edgbaston

Birmingham B15 2TT

United Kingdom

Applications Guide ii
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Change Details

The first edition of Volume 2 detailed case studies for HDM-4 version 1. This second edition
details case studies for HDM-4 version 2.0.

Related Documentation

HDM-4 documents

The Highway Development and Management Series Collection is ISBN: 2-84060-058-7, and
comprises:

Volume 1 — Overview of HDM-4, ISBN: 2-284060-183-4

Volume 2 — Applications Guide, ISBN: 2-284060-184-2

Volume 3 — Software User Guide, ISBN: 2-284060-185-0

Volume 4 — Analytical Framework and Model Descriptions, ISBN: 2-284060-186-9
Volume 5 — A Guide to Calibration and Adaptation Manual, ISBN: 2-84060-063-3
Volume 6 — Modelling Road Deterioration and Works Effects, ISBN: 2-84060-102-8
Volume 7 — Modelling Road User and Environmental Effects, ISBN: 2-84060-103-6

Terminology handbooks

PIARC Lexicon of Road and Traffic Engineering - First edition. Permanent International
Association of Road Congresses (PIARC), Paris 1991. ISBN: 2-84060-000-5

Technical Dictionary of Road Terms - Seventh edition, English - French. PIARC Commission
on Terminology, Paris 1997. ISBN: 2-84060-053-6

General reference information

Further details on HDM-4 may be obtained from the following:
Dr E. E. Stannard
School of Civil Engineering
The University of Birmingham
Edgbaston
Birmingham B15 2TT, United Kingdom
Fax: +44 - 121 - 414 5160
E-mail: hdm4@hdmglobal.com
Web: http://www.hdmglobal.com

Association mondiale de la Route/World Road Association (AIPCR/PIARC)
La Grande Arche

Paroi Nord, Niveau 5

92055 La Défense Cedex France

Tel: +33 (0)1 47 96 81 21

Fax: +33 (0)1 49 00 02 02

E-mail: piarc@wanadoo.fr

Web: http://www.piarc.org
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APPLICATIONS GUIDE FOR HDM-4 VERSION 2

PART A CONCEPTS OF HDM-4 ANALYSIS

1 BACKGROUND

The Highway Design and Maintenance Standards Model (HDM-III), developed by the World
Bank, was used for over two decades to combine technical and economic appraisals of road
investment projects, and to analyse strategies and standards (Watanatada, et al, 1987 and
Paterson, 1987). In the 1990’s an international study was initiated to extend the scope of the
HDM-1II model, and to provide a harmonised systems approach to road management, with
adaptable and user-friendly software tools. This resulted in the development of the Highway
Development and Management Tool (HDM-4).

The scope of HDM-4 has been broadened considerably beyond traditional project appraisals,
to provide a powerful system for the analysis of road management and investment
alternatives, primarily in four key areas:

= Project appraisal

For the economic appraisal of road maintenance, rehabilitation, upgrading and new
construction through life-cycle analysis of proposed road investments.

=  Works programming

For the preparation of multi-year and rolling programmes for road network maintenance
and development to facilitate the preparation of medium term budgets for road network
maintenance and extension.

= Strategic planning
For policy development, long term resource allocation plans and road network planning.

=  Software environment

A user-friendly system, built around a set of modules with the capacity to cope with a
wide range of data requirements and user skill levels.

2 Life-Cycle Analysis

The underlying operation of HDM-4 is similar for a project, programme or strategy analysis.
In each case, HDM-4 simulates total life-cycle conditions and costs for an analysis period
under a user specified scenario of circumstances. The primary cost set for the life-cycle
analysis includes the costs to the road agency of maintaining and improving the road network
and costs to road users of vehicle operation, passenger time and road accidents.
Environmental effects in the form of vehicle emissions and energy consumption are
quantified but not included in the cost streams.
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The broad concept of the life-cycle analysis is illustrated in Figure A1. Interacting sets of
costs, related to those incurred by the road administration and those incurred by the road
user, are added together over time in discounted present values. Costs are determined by
first predicting physical quantities of resource consumption and then multiplying these
quantities by their unit costs or prices. Economic benefits are then determined by comparing
the total cost streams for various maintenance and construction alternatives with a base case
(do nothing or do minimum alternative), usually representing minimal routine maintenance.

INPUTS MODEL OUTPUTS
Vehicle type, volume, growth,
loading, physical parameters, .
terrain, precipitation, road Start of analysis loop
geometry, pavement
characteristics, unit costs
Pavement type, strength, age, Cracking, ravelling, potholes, rut
condition, and ESAL Road Deterioration depth, faulting (paved); gravel
thickness (unpaved); roughness
Road geometry and roughness; Fuel, lubricant, tyres, maintenance,
vehicle speed, type; congestion Road User Effects capital costs, speed, travel time,
parameters; unit costs road user costs, road accidents
Road works standards and Reset road condition and
strategies Works Effects geometry. Works quantities and
costs
Road geometry and surface Social and Levels of emissions and energy
texture, vehicle characteristics Environmental Effects used
Agency costs, road user costs, . . Total costs by component; net
exogenous costs and benefits Economic Analysis present values and rates of return
by section
Return to start of analysis loop

Figure Al1.1
Life-cycle analysis using HDM-4
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HDM-4 is designed to make comparative cost estimates and economic analyses of different
investment options. It estimates the costs for a large number of alternatives year-by-year for
a user-defined analysis period, discounting the future costs. Rates of return, net present
values (NPV), and NPV per investment unit can also be determined by HDM-4. In order to
make these comparisons, detailed specifications of investment programmes, design
standards, and maintenance alternatives are needed, together with unit costs, projected
traffic volumes, and environmental conditions.

The model simulates, for each road section, year-by-year, the road condition and resources
used under each alternative, as well as the vehicle speeds and physical resources
consumed by vehicle operation. Physical quantities involved in construction, maintenance
and vehicle operation are estimated, and user-specified prices and unit costs applied to
determine financial and economic costs. Relative benefits are then calculated for different
alternatives, followed by present value and rate of return computations.

Details of the benefits and costs considered in HDM-4 are included in Part G of Volume 4,
the Analytical Framework and Model Descriptions manual.

The three main types of outputs produced by HDM-4 to aid decision making are as follows:

= Economic efficiency indicators — from analyses of individual road projects

= Multi-year works programmes — produced after prioritisation of several candidate road
projects and associated works alternatives

= Strategic road maintenance and development plans — produced from long term
predictions of road network performance

3 APPLICATIONS

HDM-4 can assist with:

= Project analysis for detailed economic appraisal (see Section 3.1)

= Programme analysis for annual or rolling works programme preparation (see Section 3.2)
= Strategic analysis for long term planning (see Section 3.2)

= Research and policy studies (see Section 0)

3.1 Project Analysis

Project Analysis is concerned with:
Evaluation of one or more road projects or investment options. The application analyses
a set of road sections with user-selected treatments, with associated costs and benefits,
projected annually over the analysis period. Economic indicators are determined for the
different investment options.

This is essentially the use for which the earlier generations of HDM systems were developed.
Project analysis is used to estimate the economic or engineering viability of road investment
projects by considering the following issues:

= Pavement surface and structural performance
= Life-cycle predictions of road deterioration, maintenance effects and costs
= Road user costs and benefits

Applications Guide
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= Economic comparisons of project alternatives

Typical appraisal projects would include the maintenance and rehabilitation of existing roads,
widening or geometric improvement schemes, pavement upgrading and new construction.
Case studies demonstrating the application of Project Analysis are presented in Section E.

The philosophy of this analysis has not fundamentally changed from the HDM-III version, but
improved road deterioration relationships have been extended to cover a wider range of
pavements and the performance of materials in temperate and cold climates. Road user
cost relationships have been updated and extended to include the impacts of road accidents.
Environmental impacts assessment and energy balance analysis are also included.

3.2 Programme and Strategy Analyses

It is in the areas of Programme Analysis and Strategy Analysis that HDM-4 offers significant
improvements over HDM-III.

Programme Analysis is concerned with:
Preparation of a multi-year rolling programme for a road network in which candidate
investment options are identified and selected, subject to resource constraints. Road
networks are analysed section by section and estimates are produced of road works and
expenditure requirements for each section for each year of the funding period.

Strategy Analysis is concerned with:
Analysis of a chosen network as a whole, for preparing long range planning estimates of
expenditure needs for road development and conservation under different budget
scenarios. The road network is characterised by lengths of road in different categories
defined by parameters such as road class, surface type, and pavement condition or traffic
flow. Estimates are produced of expenditure requirements for medium to long term
periods of 5 - 40 years.

The main difference between strategy and programme analysis is the way in which sections
are physically identified:

= Programme Analysis
Deals with sections that are unique physical units identifiable from the road network
throughout the analysis.

= Strategy Analysis
Considered as grouped representative sections typical of the road network to be
analysed. The road system essentially loses its individual section characteristics.

For both types of analysis, the problem can be posed as one of seeking that combination of
treatment alternatives across a number of sections in the network that optimises an objective
function under budget constraint. If, for example, the objective function is the maximisation
of NPV (Net Present Value), the problem can be defined as:

Select that combination of treatment options for all sections, with one treatment
strategy selected per section, that maximises NPV for the whole network subject to
the sum of the treatment costs being less than the budget available.

An important difference between strategic and programme analysis, and that for project
analysis, is in the detail at which data are defined. Use is made of the concept of
Information Quality Levels (IQL) recommended by the World Bank (Paterson and Scullion,
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1990). Project level analysis data are specified in terms of measured defects (IQL-II),
whereas the specification of data for strategic and programme analyses can be more generic
(1QL-11).

For example at project level analysis, roughness would be specified in terms of m/km IRI,
whereas at programme and strategy level analyses, roughness may be specified as good,
fair or poor.

Case studies demonstrating the application of Programme and Strategy analyses are
included in Section F and G respectively.

3.3 Research and Policy Studies

HDM-4 can be used to conduct a number of road sector policy studies including:

= Funding policies for competing needs; for example, feeder roads versus main roads
= Road user charges for setting up road funds

= |mpacts of road transport policy changes on energy consumption

= Impact of axle load limits

=  Pavement maintenance and rehabilitation standards

4 IMPROVEMENTS IN HDM-4 VERSION 2.0

HDM-4 version 1.0 was first released in January 2000, followed by three updated versions
(versions 1.1, 1.2 & 1.3) over the following couple of years Feedback provided by users of
these versions of HDM-4 on the usability and functionality of the software led to the further
development and improvement of HDM-4. This resulted in the release of version 2.0 of the
HDM-4 software in August 2005.

Improvements that are included in version 2.0 of HDM-4 can be categorised as follows:

= Improved Analysis Models
Sensitivity Analysis
Budget Scenario Analysis
Multi-Criteria Analysis (MCA)
Estimation of Social Benefits
Asset Valuation

= Improved Connectivity
Run-data in MS Access format
Import/Export in MS Access
Import Validation

= |Improved Data Handling & Organisation
Updated Database Technology
Re-design of New Section Facilities
Traffic Re-design
Report Management
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= Improved Technical Models
= Bituminous Road Deterioration
= Bituminous Work Effects

= Unsealed Road Deterioration
= Unsealed Work Effects

= Road User Effects

Improved Usability & Configuration
Intervention Editor & Work Item Triggering Logic
Alternatives User-Interface

The model DLL architecture

Post-Improvement Maintenance Standards
Temporary Exclusion of Sections from Study
Calibration Sets

Improved Configuration - Accident Classes
Improved Configuration - Speed Flow Types
Improved Configuration - Traffic Flow Patterns

A brief description of these improvements is given in the Getting Started With HDM-4 Version
2.0 manual and detailed descriptions of each category given in the updated version of the
Software User Guide (Volume 3). As this document focuses on the analytical applications in
HDM-4, only the improvements to the analysis models are described below.

5 IMPROVED ANALYSIS MODELS

5.1 Sensitivity Analysis

Sensitivity Analysis has been introduced to Project Analysis to allow a user to investigate the
impact of variations in key parameters on the analysis results. A user can define any number
of sensitivity scenarios in which any of the 18 key parameters can be varied. These key
parameters cover unit costs, vehicle use, traffic levels and growth, and net benefits. One or
more key parameters are varied by defining a multiplication factor and the effects on the
outcome of the analysis will be determined. A user determines which variables to vary and
this judgment will depend upon the kind of investigation being conducted. Typically the key
parameters will be varied to reflect the potential range of forecasts for the parameters.

5.2 Budget Scenario Analysis

HDM-4 version 2.0 allows the user to specify an unlimited number of budget scenarios within
the Programme Analysis or Strategy Analysis applications. Each budget scenario defines
the road agency financial resources available over the analysis period. The optimised work
programme will be produced for each of the selected budget scenarios therefore allowing the
user to compare the effects of different funding levels on the network being analysed.
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5.3 Multi-Criteria Analysis (MCA)

Multi-Criteria Analysis (MCA) provides a means of comparing projects using criteria that
cannot easily be assigned an economic cost. MCA can only be used in the Project Analysis
application in HDM-4 and supports 9 criteria to evaluate:

Economic (Road User Costs - RUC, Net Present Value - NPV)
Functional (Comfort, Congestion)

Energy (Energy Efficiency)

Political

Safety (Accident Analysis)

Environmental (Air Pollution)

Social (Social Benefits)

5.4 Estimation of Social Benefits

It has often been necessary to include the social benefits of road investments within HDM-4.
The simple framework for including social benefits has now been made more transparent by
incorporating them within the exogenous costs and benefits user interface.

5.5 Asset Valuation

A road network is a considerable resource that has a significant asset value. It is therefore
important to effectively manage this asset and to be able to estimate the financial and
economic value of road assets as a function of the level of investment. This optional
component of HDM-4 Version 2.0 allows a user to estimate the asset value of a network
being analysed during the time period of the analysis.

Applications Guide
HDM-4 Version 2.0 A1-7



Part B Project Analysis

PART B PROJECT ANALYSIS

1 INTRODUCTION

Project analysis allows users to assess the physical, functional and economic feasibility of
specified project alternatives by comparison against a base case, or a without-project
alternative. The key processes of the analysis are:

Prediction of road deterioration
Estimation of road user costs (vehicle operating costs, travel time and accidents)
Modelling of road works effects and the costs of these to the road administration

Calculation of economic benefits from comparisons of the project alternatives

The aim is to determine which project alternative is most cost-effective. Four case studies to
demonstrate this application are described in Section E.

Project analysis is associated with the following types of road projects:

= Maintenance of existing roads

These works cover a wide range of maintenance techniques for different pavement
types. This type of works also includes those that arise when a road pavement has
received insufficient maintenance over its life, or because the pavement was not built to
the standards of quality required by the original design.

= Improvement of existing roads

These projects aim to provide additional capacity when a road is nearing the end of its
life or because there has been an unforeseen change in use of the road. Works include
measures to improve the quality of service, such as relieving traffic congestion, road
safety, road passibility, the need to accommodate increased vehicle axle loads, etc.
Typical examples of road improvement projects are:

=  Pavement reconstruction

= Pavement upgrading
= The paving of gravel roads, the provision of concrete pavements in places where the
subgrade soils may be very poor, etc.

= Road widening and geometric improvements
= Includes widening of existing carriageways, the provision of additional lanes, dual-
carriageways, overtaking lanes, climbing lanes, and the betterment of shoulders.

= Realignment and pavement upgrading of the existing roadway
= Combines the activities described in pavement upgrading and road widening.

= New construction

Involves the construction of a new pavement in an entirely new location, although in
many cases they follow existing alignments. New alignments are required, for example,
for bypasses, or in difficult terrain, or to connect other new infrastructure developments.

= Stage construction

Consists of planned improvements to the pavement standards of a road at fixed stages
throughout the project life. Often, the road alignment needed at the final stages of the
project is provided from the outset. A typical strategy might be initially to construct a
gravel road that will be paved when traffic flows have reached a given level.
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= Evaluation of past projects

Assesses the performance of a completed project to see if objectives set out during
appraisal have been met. Project evaluation requires project data that have been
collected and recorded in a systematic way throughout all stages of the project cycle.
The evaluation should result in specific recommendations about improving aspects of
the project design that can be used to improve ongoing and future planning.

2 ANALYSIS METHODS

Two methods of analysing investment options are provided in HDM-4 Project Analysis:
= Analysis by Section
= Analysis by Project

2.1 Analysis by Section

In Analysis by Section, each of the road sections selected for the project are analysed
separately. Several alternatives (i.e. maintenance and/or improvement standards) can be
defined for each section as shown in Table B2.1 (e.g. three alternatives for section A, four
alternatives for section B, etc.), with one alternative designated by the user as the base
alternative against which all the other alternatives will be compared. Economic indicators
(e.g. NPV, IRR and NPV/C) are calculated for each section alternative.

Table B2.1
Analysis by Section

Road Section Alternative
Section Base Altlernative 2 3 4 S
Section A Routine Maintenance Resealing Overlay
Section B | Routine Maintenance Overlay Reconstruction Widening
Section C | Routine Maintenance Resealing Rehabilitation Lane addition Realignment
Section D Grading 1/ year Regravelling Paving

2.2 Analysis by Project

In Analysis by Project, a project is defined as the set of road works to be carried out on one
or more road sections that can be grouped together conveniently to be undertaken as one
contract or work instruction. Several project alternatives can be analysed to determine, for
example, which is the most cost-effective to implement. A project alternative can consist of
different works options applied to various sections making up the project as shown in Table
B2.2.

Using this method, road sections are analysed together as a package by considering project
alternatives as the basic unit for performing economic analysis. First, the annual costs and
benefits are summed over all the section alternatives within each project alternative to give
yearly totals. Economic indicators are then calculated for each project alternative by
comparison against the base alternative.
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Table B2.2
Analysis by Project
Project Alternative
Roa}d 1
Section Base Alternative 2 3 4
Section A Routine Maintenance Resealing Reconstruction Realignment
Section B Routine Maintenance Overlay Mill and replace Widening
Section C Routine Maintenance Inlay Reconstruction Lane addition
Section D Grading 1/ year Regravelling Widening Upgrading
ZProject NPV 0 NPV NPV NPV

Analyses involving new sections and diverted traffic can only be performed using this
method. Table B2.3 shows the definition of a project involving the construction of a new
section (e.g. a by-pass), and the maintenance of four existing road sections which are
affected by the introduction of the new link, mainly in terms of traffic diversion effects.

Table B2.3
Analysis Involving New Sections
Project Alternatives
Road
Section 1
Base Alternative 2 3 4
Section A Routine Routine Routine Routine
Maintenance Maintenance Maintenance Maintenance
Section B Routine Routine Routine Routine
Maintenance Maintenance Maintenance Maintenance
Section C Routine Routine Routine Routine
Maintenance Maintenance Maintenance Maintenance
Section D Routine Routine Routine Routine
Maintenance Maintenance Maintenance Maintenance
. AMSB AMSB STGB
New Section
2-lane 4-lane 4-lane
IProject NPV 0 NPV NPV NPV

3 PROCEDURE FOR PROJECT ANALYSIS

The procedure for project analysis is summarised below and described in the following

sections.

1. Create the road project to be analysed by giving it a title and specifying the road network
to be analysed.

2. Define the project by specifying the following:
a) general information about the project
b) method of analysis
c) road sections to be analysed
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3. Specify maintenance and improvement standards to be analysed for each selected road
section.Set-up and run the analysis. Optionally carry out sensitivity analysis.

4. Generate the reports and if necessary, print the required outputs.

3.1 Creating a Project

To create a project, give the project a title and select a previously created road network as
shown in the screen below. In version 2.0 of HDM-4 the vehicle fleet that uses the road
network needs to be specified at the time that the road network is created. Thus by

specifying the road network to be used in the analysis, the vehicle fleet is automatically
selected.

Name: |
Boad Metwork: |<undefined> j Cancel |

Wehicle Fleet: |<undefined>

|The title of the project

Having created a new Project Analysis, the following screen is displayed:

s HDM-4 - [Project: Demo]

151>
5 workspace Report/Chart Window Help 18] x
Define General | Study Sections |
Project
Detais
Description: ||
Speciy =
B Nemaives
Analyse
B boocts
_— Analyseby: (% Section " Project
g Vuli Citeia
Analysis Start year: [2005 Analysis period: [20 years
77y Generst
@ Reports. Foad Network: [Natioral load Netwark atis =]
- Vehicle Fleet: National Vehicle Characterstics
Curenci
Fleet: US Dolar x [i = output curency
Works: US Dolar x[1 = output curency
Network: US Dolar x [1 = output curency
Qutput: [US Dollar -
3
(= P
ia Close
Project description

The information required to define and run a Project Analysis is described below.

3.2 Define Project Details

Project details that need to be defined are as follows:
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3.2.1 General

Description
A brief description of the works involved in the project.

Analysis method
Select the method of analysis as either:

= Analysis by Section
or
= Analysis by Project

Start year of the analysis period
Duration of the analysis period

Output currency
The units of currency in which the project outputs are to be presented.

Conversion rate
The conversion factors between the output and vehicle fleet currency units, and that
between output and road works currency units used in the analysis.

3.2.2 Study Sections
All the sections in the selected road network are available for analysis. The sections to be
included in an analysis can be selected using the following methods:

Selecting sections individually
Individual sections are selected by clicking on the box in the Study column at the left of
the section. Sections can be unselected by clicking on the boxes of the sections that
have been selected

Selecting sections by criteria
An alternative approach to selecting sections is to define criteria to be used to select
sections. The following criteria are available:

= Pavement

Surface class — options are All, Bituminous, Concrete or Unsealed
Structural Adequacy — options are All, or one of the pre-defined categories

= Speed Flow Type

Options are All, or one of the pre-defined categories
Traffic Volume

Options are All, or one of the pre-defined categories
Geometry

Minimum and/or maximum values of Rise and Fall (m/km), Horizontal Curvature
(deg/km) and Carriageway Width (m)

The selection criteria can be used to add new sections to those already selected, or to
replace those selected.
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Traffic Growth
A pre-defined traffic growth set has to be assigned to each selected section. A copy
facility is available to copy a growth set that has been assigned to one section to other
sections.

3.3 Specify Alternatives

Certain road works may generate additional traffic on a road section, or cause traffic to divert
from other roads to a road section. The generated and/or diverted traffic characteristics need
to be specified for such works. The method of specifying alternatives is dependent of
whether Analysis by Section or Analysis by Project has been selected in the Project Details
dialog screen.

= Analysis by Section

The assignment of one or more Maintenance and/or Improvement Standards to a road
section results in the formation of a Section Alternative. A section alternative is one of a set
of mutually exclusive works alternatives specified as options to be analysed for an applicable
road section within a project. The basic unit of analysis in HDM-4 is the section alternative.

In Analysis by Section, an alternative entitled Base Alternative is automatically created for
each selected section, to which Maintenance and/or Improvement Standards can be
assigned. The user can add as many alternatives to a section as required for the analysis of
that section. An example is shown in Table B2.1.

A section alternative is defined by firstly giving the alternative a name. Maintenance and/or
Improvement Standards are then assigned, specifying the date from which the standard is
effective. For Improvement Standards, the user has the option of including generated traffic
and exogenous benefits and costs.

= Analysis by Project

In Analysis by Project, the user needs to define an alternative. A project alternative is
defined by firstly giving the alternative a name. All selected sections are assigned to the
alternative. Maintenance and/or Improvement Standards are then assigned to each section,
specifying the date from which the standard is effective. For example, each of the columns
numbered 1 to 4 in Table B2.2 constitutes a project alternative.

For Improvement Standards, the user has the option of including generated traffic and
exogenous benefits and costs. If the project includes the construction of a new section, the
user has the option of including diverted traffic.

3.4 Analyse Projects

3.4.1 Setup Run

In Setup Run, the user specifies the scope of the analysis to be undertaken.

Conduct Economic Analysis
If economic analysis is to be performed, the base alternative needs to be selected if
Analysis by Project is being undertaken. If Analysis by Section is being undertaken, the
base alternative is automatically selected. For both types of analysis, the discount rate
needs to be specified.
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Accident Costs
If accident analysis is to be included, then unit costs for accidents should be specified for
fatal, injury, damage only or all accidents.

Other Models
Other models that can be included in the analysis are energy balance, vehicle emissions
and acceleration effects.

Asset Valuation
This optional component estimates the asset value of a network that is being analysed
during the analysis period. This option is new in version 2 of HDM-4.

3.4.2 Sensitivity

The impact of variations in key parameters on the analysis results can be investigated using
this option. Any number of sensitivity scenarios can be investigated by varying any of the 18
parameters that are displayed. Multiplication factors are defined for the parameters and the
effects on the outcome of the analysis will be determined.

3.4.3 Run Analysis

Selecting the Start button runs the project analysis. During the run, the status is displayed in
terms of the stage of analysis reached and the percentage completion. The analysis can be
stopped at any time by clicking the Abort button.

3.5 Multi Criteria Analysis

MCA Setup
The user can choose from 9 criteria, and set the relative importance of each criterion.
The base criterion also needs to be selected from one of the 9 criteria. The relative
importance of the base criterion is automatically set to ‘equally preferred’. Having
selected the base criterion and at least one other criterion, then clicking the Start button
commences the MCA.

Results
The results of the MCA are displayed on this screen.

3.6 Generate Reports

The reports that are generated by HDM-4 can be categorised as input data or analyses
results. These reports, presented in tabular format and in some cases a graphical format,
are stored in the following folders:

= Traffic

= Deterioration / Works Effects

= Road User Effects

= Environmental Effects

= Cost Streams and Economic Evaluation
= Input Data Multi Criteria Analysis

= Asset Valuation
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PART C PROGRAMME ANALYSIS

1 INTRODUCTION

Programme Analysis deals primarily with the prioritisation of a defined list of candidate road
projects into a one-year or multi-year works programme under defined budget constraints.
The candidate road projects are discrete segments of a road network. The selection criteria
will normally depend on the maintenance, improvement or development standards that a
road administration may have defined.

When all candidate projects have been identified, the HDM-4 programme analysis
application can be used to compare the life-cycle costs predicted under an existing pavement
management scenario (i.e. the base alternative) against the life-cycle costs predicted for the
periodic maintenance, road improvement or development alternative (i.e. the other user-
specified alternatives). This provides the basis for estimating the economic benefits that
would be derived by including each candidate project within the budget timeframe.

The programme analysis application may be used to prepare a multi-year rolling works
programme, subject to resource constraints. The prioritisation method employs the
incremental NPV/cost ratio as the ranking index, which provides an efficient and robust index
for prioritisation purposes. Indices such as the NPV, economic rate of return (ERR), or
predicted pavement condition attributes (e.g. road roughness) are not recommended as
ranking criteria. The incremental NPV/cost ratio satisfies the objective of maximising
economic benefits for each additional unit of expenditure.

2 ANALYSIS METHODS

The purpose of programme analysis is to evaluate maintenance or improvement options, and
to try and select the set of investments to be made on a number of road sections in a road
network, which will optimise an objective function. Programme analysis is concerned with
short to medium term planning and preparation where budget levels are known with
reasonable certainty. Thus the problem can be posed as one of searching for the
combination of investment alternatives that optimises the objective function, under a budget
constraint.

Two methods of analysis are provided in programme analysis:
Life-cycle analysis

Multi-year forward programme

In both cases, optimisation is done using the incremental NPV/Cost ratio where the problem
can be defined as the selection of that combination of investment options on sections that
maximises total NPV for the selected sections in the road network subject to the sum of the
investment costs being less than the budget available.

Note that the set of investment options to be optimised is user-defined and is not the set of
all possible options for the particular network; hence the problem is not true optimisation
since all possible solutions are not normally considered. Note also that the investment
options on any one section are mutually exclusive.
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2.1 Life-Cycle Analysis

The life-cycle analysis for the development of an unconstrained works programme is identical
to that for project analysis as described in Section A0 and illustrated in Figure A1.1.

To produce a constrained works programme under budget optimisation, the user must
specify a set of section alternatives which offer different timing alternatives for the assigned
maintenance and/or improvement standards, or different standards, which provide a means
by which costs can be delayed or reduced.

A typical need is to specify sufficient timing alternatives so that any investment backlog can
be substantially removed or deferred to a period where unconstrained funding may exist.
The problem is normally a short-medium term constraint, where typically single ‘constrained’
budget periods may be specified for a number of years, and an unconstrained budget is
provided beyond.

An example is shown below:

Section alternatives Assignments Year
Base Alternative Minimum maintenance from Year 1
Year 1 — Periodic maintenance Periodic Maintenance from Year 1
Year 2 — Periodic maintenance Minimum maintenance from Year 1

Periodic maintenance from Year 2
Year 3 — Periodic maintenance Minimum maintenance from Year 1
Periodic maintenance from Year 3

etc etc etc

The need to specify timing alternatives is to provide sufficient section-alternatives so that
where the ‘ideal’ section-alternative cannot be selected in the year where it appears on the
unconstrained works programme due to budget constraints, then a possibility of it being
selected in another year will exist. This can only occur if a reasonable number of choices are
given. The method is illustrated in Programme Case Study No.1 in Sectiion F.

2.2 Multi-Year Forward Programme

For many road agencies, the short term planning cycle is normally based on a one year
budget period. However, other road agencies adopt a multi-year tactical planning period. A
common example of a multi-year forward programme is a three-year works programme,
which could be considered as three calendar year budget periods.

The multi-year forward programme option is a simplification of the life-cycle analysis method
based on comparison of the following alternatives:

= Apply the assigned road works within the budget period
or
= Postpone road works until the first year after the budget period

This simplification is normal practice in works programming — if there is insufficient budget,
then works are postponed - and it can be used to keep the analysis simple and reduce run
times when there is a large number of road sections to be analysed.
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Economic calculations are done by comparing investments made within the budget period
against deferring the action to the first year after the budget period as illustrated in Figure
C2.1. For example, an overlay applied in the first year of the budget period year would be
compared against the road works required in the year after the budget period. The deferred
road works are not necessarily the same because the road could be in worse condition after
postponement of the overlay, and a higher level of investment may be needed.

IRI
2 years .

A

Deferred investment

_Jnvestment now

Benefits due to action

Years

Figure C2.1
Calculation of benefits for a multi-year works programme

A simplifying assumption is made that the deferred action will be less effective in improving
pavement condition as shown in Figure C2.1. It is also assumed that the pavement
performance after the next year will be similar for both alternatives. Therefore, there is no
need to calculate pavement deterioration and road user costs beyond the first year after the
budget period. This approach is a modification of that used in the United States Highway
Economics Requirements System (HERS) and in the UK Highway Agencies PMS (HAPMS).

The following two examples in Table C2.1 and Table C2.2 illustrate the above process.

Table C2.1
Example of one-year forward programme
Section Works required in Works required in
Year 1 Year 2
S1 Overlay Overlay
S2 Overlay Reconstruct
S3 Overlay Overlay

In Table C2.1, a one-year works programme for three sections is analysed. An overlay is
triggered for all sections in year 1, but the budget is insufficient for all these works. If the
work is deferred to year 2, section S2 requires reconstruction. Both alternatives are
generated for each road section in order to calculate the economic indicators used in the
optimisation.
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The first alternative is user specified in terms of maintenance or improvement standards with
their associated intervention levels. The base alternative is automatically generated by
HDM, applying the same maintenance or improvement standards, with the works that been
deferred until the first year after the budget period,

The second example in Table C2.2 illustrates a 3-year works programme for four sections.

Table C2.2
Example of three-year forward programme
Programme Period Deferred Works
Section Alternative 1 Alternative 2
Year 1 Year 2 Year 3 Year 4
S1 Reseal Overlay
S2 Overlay Reconstruct
S3 Reseal Overlay
S4 Reseal Reseal

When defining a multi-year forward programme analysis, only one maintenance standard
and/or one improvement standard is specified for each section. Normally this would be
effective from the first year of the programme period. The interventions for the standards
should be condition related. In the example shown in Table C2.2, the intervention criteria
may have been of the form:

Reseal when 3 < Roughness <4 IRI
Overlay when 4 < Roughness < 6 IRI
Reconstruct when Roughness > 6 IRI

Thus, in the case of section S1, the roughness was between 3 and 4 IRI at the end of the
first year (reseal) but had increased to value between 4 & 6 IRI at the end of the year 4,
requiring an overlay. The base alternative in this example is Alternative 2 (works in the first
year after the budget period), and the economic benefits are calculated by comparing
Alternative 1 for each section against Alternative 2.

Care must be taken that the maintenance and improvement standards used are compatible.
For example, if the works programme requires maintenance and the deferred work is a major
improvement (due to a threshold being reached in the intervention criteria for the
improvement standard) a distorted result will occur. This is because no benefits are
estimated for the effects of the improvement as it is applied in the final year of the analysis.
So an abnormally high NPV will be calculated due to the large difference in cost between the
maintenance and improvement works.

When specifying an improvement standard, there is a field for the residual value of the new
work in the asset valuation window. This is the value of the work remaining at the end of the
analysis period and is deducted from the agency costs in the last analysis year.
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3 PROCEDURE FOR PROGRAMME ANALYSIS

The procedure for programme analysis is summarised below and described in the following
sections.

1. Create the programme analysis by giving it a title and specifying the road network to be
analysed.

2. Define the programme by specifying:
a) general information about the programme
b) method of analysis
c) road sections to be analysed

3. Specify maintenance and/or improvement standards to be analysed for each selected
road section

Generate an unconstrained works programme analysis
Define budget constraints

Generate an optimised works programme within the constrained budget

N o o A

Generate the required outputs

3.1 Creating a Programme

To create a programme, give the programme a title and select a previously created road
network. In version 2.0 of HDM-4 the vehicle fleet that uses the road network needs to be
specified at the time that the road network is created. Thus by specifying the road network to
be used in the analysis, the vehicle fleet is automatically selected.

Having created a new Programme Analysis, the following screen is displayed.

uzk HDM-4 - [Programme: Demo Prog] M ES

WS Workspace View Report/Chart Window Help == x|
Define General | Study Sections |
Programme
Details Study Description:
Specty
% Altematives
Generate
-
PrOgramme | e of analysis: & Liceycle € Muli-Year Forward Programme
Perfom
I Budget Statyear [2005 | Anaysis period: [2 years
Optimisation
Frr Road Network: | Hational Road Network Matrix =
Reports
Vehicle Flset: [National Vehicle Characteristics
Curencies
Fleet: US Dollar = [1 = output curency
Works: US Dollar =1 = output curency
Network: US Dollar = [i = output curency
Output: [US Dollar ~| Discourtrate: [1
+
B Save
ﬂ Close
The conversion ralte for canverting from the fleet curency to the output currency

The information required to define and run a Programme Analysis is described below.
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3.2 Define Programme Details

Programme details that need to be defined are as follows:

3.2.1 General

Description
A brief description of the works involved in the programme.

Analysis method
Select the method of analysis as either:

= Life-Cycle
or
= Multi-Year Forward Programme

Start year of the analysis period
Duration of the analysis period

Output currency
The units of currency in which the programme analysis outputs are to be presented.

Conversion rate
The conversion factors between the output and vehicle fleet currency units, and that
between output and road works currency units used in the analysis.

3.2.2 Study Sections

All the sections in the selected road network are available for analysis. The sections to be
included in an analysis can be selected using the same two methods as described for Project
Analysis (see Section B3.2.2).

A pre-defined traffic growth set has to be assigned to each selected section. A copy facility
is available to copy a growth set that has been assigned to one section to other sections.

3.3 Specify Alternatives

The method of specifying alternatives is dependent on whether Life-Cycle or Multi-Year
Forward Programme has been selected as the analysis method.

= Life-Cycle
If Life-Cycle has been selected then an alternative entitled Base Alternative is automatically
created for each selected section, to which Maintenance and/or Improvement Standards can
be assigned. The user can add as many alternatives to a section as required for the analysis
of that section.

A section alternative is defined by firstly giving the alternative a name. Maintenance and/or
Improvement Standards are then assigned, specifying the date from which the standard is
effective. For Improvement Standards, the user has the option of including generated traffic
and exogenous benefits and costs.
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This process is similar to the specification of alternatives for Project Analysis. However,
timing alternatives should be considered where a budget constraint is applicable (i.e. same
maintenance / improvement alternatives assigned to different years (see Section C.2.1).

= Multi-Year Forward Programme

For Multi-Year Forward Programme, only one maintenance standard is allowed per road
section except where an improvement standard has been specified, in which case it must be
followed by a maintenance standard. The analysis will be carried out by applying only one
maintenance or improvement standard for each section, and selecting one works item
(highest in the hierarchy) from the given standard for each year of the analysis period.

3.4 Generate Programme

3.4.1 Perform Run

The options available in Perform Run depend on whether Life-Cycle or Multi-Year Forward
Programme analysis has been selected.

= Life-Cycle
The Base Alternative is automatically selected using the Maintenance and/or Improvement
Standards that have been previously assigned to this alternative.

= Multi-Year Forward Programme
The user has the options of running an analysis with or without economic analysis.

The other options are common for both types of analysis.

Accident Costs
If accident analysis is to be included, then unit costs for accidents should be specified for
fatal, injury, damage only or all accidents.

Other Models
Other models that can be included in the analysis are energy balance, vehicle
emissions and acceleration effects.

Asset Valuation
This optional component estimates the asset value of a network that is being analysed
during the analysis period. This option is new in version 2 of HDM-4.

Selecting the Start button initiates the analysis. During the run, the status is displayed in
terms of the stage of analysis reached and the percentage completion. The analysis can be
stopped at any time by clicking the Abort button.

3.4.2 Unconstrained Programme

After either multi-year forward programme or life-cycle analysis, the options with the highest
NPV (net present value) are assigned for each section. The result of this process is a
tentative, unconstrained works programme, determined from the maintenance or
improvement standards defined by the user.
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One of the key aspects of road management is the ability to intervene and select projects
that should be carried out for reasons other than economic priority alone. Practitioners have
stressed the need for user intervention to select discrete projects to be assigned high
priorities for maintenance. Such projects should meet the minimum criterion of a positive
economic return in order to qualify for the user selected list.

Users may select projects to be committed (i.e. given high priority for funding) from the
unconstrained programme. The pre-defined works will then be submitted to the optimisation
routines to schedule projects that can be undertaken within the budget constraints taking into
account the pre-defined projects.

The costs of works classified by the user as recurrent are not initially displayed in the
unconstrained works programme. The user has the option to display the costs of the
recurrent works.

3.5 Perform Budget Optimisation

The user can specify any number of budget scenarios to investigate. For each scenario the
user specifies the budget available for different budget periods of the analysis period.
Separate analyses are conducted for each budget scenario.

If the needed budget for each budget period is below the given budget constraints, no further
economic analysis is necessarily needed. However, if the budget needs are higher than the
available budgets, the user has two choices:

1. Review maintenance and improvement standards and then run the analysis again
2. Execute an economic analysis and optimisation

Two methods for budget optimisation are used in programme analysis.

= Total enumeration
= Incremental NPV/cost ranking

Both methods are described in detail in Volume 4 of the HDM-4 series — Analytical
Framework and Model Descriptions.

Once the budget optimisation has been performed, an optimised programme is generated for
each budget scenario. The user needs to select from the pull-down menu the appropriate
budget scenario to view the optimised programme for that budget scenario.

3.6 Generate Reports

The input data and the results of the analysis are presented in appropriately named reports
that are stored in folders as listed in Section B3.6
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PART D STRATEGY ANALYSIS

1 INTRODUCTION

Strategic planning of medium to long term road network expenditures considers the
requirements of an entire road network asset which may be a network or sub-network
managed by one road organisation or situated within an administrative area (a state or
county for example). Examples of sub-networks might be; all motorways or expressways, all
main roads, all paved roads etc.

Strategy analysis is primarily a tool for resource allocation by, or for, managers within a road
agency. Typical applications of strategy analysis would include:

Medium to long term forecasts of funding requirements for specified target road maintenance
standards.

Forecasts of long term road network performance under varying levels of funding.

Optimal allocation of funds according to defined budget heads; for example routine
maintenance, periodic maintenance and development (capital) budgets.

Optimal allocations of funds to sub-networks; for example, by functional road class (main,
feeder and urban roads, etc.) or by administrative region.

Policy studies such as impact of changes to the axle load limit, pavement maintenance
standards, energy balance analysis, provision of NMT facilities, sustainable road network
size, evaluation of pavement design standards, etc.

In order to predict the medium to long term requirements of a road network or sub-network,
strategy analysis normally applies the concept of a matrix of representative road sections,
comprising categories of the road network defined according to the key attributes that most
influence road agency and road user costs. Although it is possible to model individual road
sections in a strategy analysis, road administrations will often be responsible for several
thousand kilometres of roads, thereby making it cumbersome to set up and run an analysis
for each road segment.

The road network matrix is defined by the most important factors affecting transport costs on
the network. For example, a road network matrix could be modelled using; three traffic
categories (high, medium, low), four pavement condition levels (good, fair, poor, bad) and
three levels of structural adequacy (good, fair, poor). The resulting road network matrix
would therefore comprise 36 (3 x 4 x 3) representative sections. In this example, it is
assumed that other parameters throughout the network are similar (road geometry,
environment, etc). Such a network matrix might be used to examine maintenance and/or
improvement funding requirements for each cell (representative section) of the matrix.

The road length assigned to each representative section is the total length of all the road
segments in the network that fall within the parameters defining the matrix cell. In the
example above, the length of the first representative section would be the total length of all
road sections in the network with high traffic, in good condition and having good structural
adequacy.

There is no limit to the number of representative pavement sections that can be used in a
strategy analysis. The trade-off is usually between a simple representative road network
matrix that would give rather coarse results compared against a detailed road network matrix
with more representative sections that could potentially provide more accurate results.
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If the analysis uses optimisation under constrained budgets, it must be ensured that the cost
of works on a single representative section does not exceed the defined constraint in a
budget period. If it does it will never be selected as HDM-4 does not have the facility to
“split” a section and spread the work over two or more budget periods.

Also, sufficient timing alternatives and/or standards should be specified, as for programme
analysis, to ensure viable section-alternatives exist to be selected in years which differ from
that identified in the unconstrained analysis.

2 ANALYSIS METHODS

The primary purpose of conducting a road network strategy analysis is to determine network-
wide resource requirements and the impacts of various development and preservation
options on the road network performance. The objective of the analysis can be defined as
either:

1. Determining funding levels required to meet a given set of network performance
standards

2. Determining network performance for given funding levels

In strategy analysis, three optimisation methods are available, each with an objective
function and a constraint.

Objective Function Constraint
Maximise benefits (NPV) Financial agency costs
Maximise improvement in network Financial agency costs
condition (roughness)
Minimise agency costs Target network condition (roughness)

To minimise road agency costs in order to achieve specified target road network condition,
HDM-4 selects from amongst the specified road work standards, the combination which will
minimise road agency costs in achieving the target road network condition.

It should be noted that the network development or preservation standards to be used in the
analysis are user-defined and are not therefore the set of all possible standards for the
network being analysed.

3 PROCEDURE FOR STRATEGY ANALYSIS

The procedure for strategy analysis is summarised below and described in the following
sections.

1. Create the strategy analysis by giving it a title and specifying the road network to be
analysed.

2. Define the strategy by specifying:
a) general information about the strategy
b) method of analysis
c) road sections to be analysed

3. Specify maintenance and/or improvement standards to be analysed for each selected
road section

4. Generate an unconstrained works programme analysis
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5. Define budget constraints
6. Generate an optimised works programme within the constrained budget
7. Generate the required outputs

3.1 Creating a Strategy

To create a new strategy analysis, the user has a choice of creating a new network matrix or
using an existing network as shown in the screen below.

Mame: I QK I
— Representative Metwork el |
 Create new network matrix
Vehicle Flest. |<undfined: =]
Calibration Set; [ <undsfined> |
Currency: |<undefined> j
& Use existing network:
Boad Metwork: |<undefined> j
Vehicle Fleet; [<Viehicle Fleets

|'I'|ﬁe of the Strategy Analysis study

= Create new network matrix
The user needs to select previously defined vehicle fleet, calibration set and currency.
The network can then be created by adding new sections based on the aggregate
data as shown in the screen below. (In this example, high traffic, good condition and
good structural adequacy have been selected).

x
MNarne: |T1E‘IS‘I Speed flow twpe: ISF? j
10 |T1C‘IS‘I Traf flow patterr: IMP j
Link Mame: |40 Accident class: IA[:? j
Link D |40 LClimate zone: IMP j
Lenath: [1 km Boad class: ISecondar_l,l ar main j
Cway width: |7 m Traffic: IHigh j
Shoulder width: |1— m Geometry: IMUstIy straight and gently undulej

Flaw direction: ITwo-wa_l,l 'l
Last surfacing: |2DD4 year

Surface class: I BiturminioLz ;.I

Calibration [tem: IBC j Fiide guality: IGood VI
Structural adequacy: IGood j Swrface condition: INew 'I
Compaction quality: IGood j Surface texture: -

(1]4 I Cancel |

Aggregate description of the surface texture For the road section
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= Use existing network
The user can select a previously created road network. In version 2.0 of HDM-4 the
vehicle fleet that uses the road network needs to be specified at the time that the road

network is created. Thus by specifying the road network to be used in the analysis,
the vehicle fleet is automatically selected.

Having created a new Strategy Analysis, the following screen is displayed.

s2w HDM-4 - [Strategy: 1. Long term budget forecasts and performance trends]

(] Workspace  View Reportjchart Window Help

Define General |5md,. Sections |
Strategy
Detals | Study Descrption: [Sirtegy Case Study 1 - Long tem budge! forecasts and budget frends
[ Seecy
Atematives
Generate Opimisation (& fa e
B S Optimaation @ Miimss NP Mazdmise ]I
e " Minimise cost for target IRI
Perform
- gumc:i:mn Statyea: [2000  Anayssperod: [20 yeam
@ Generate BRoad Network: [National Road Network Matric =]
Repors :
7 | Vehicle Flest: |National Vehicle Characterstics
Curencies
Fleet: US Dolar =i = output curency
Works: US Dollar x 1 = output cumency
Network: [ US Dall= | x[i = output ourrency
Output: [US Dollar - Discount rate: [8 %
3
B =
ﬂ Close
Diesoiiption of the Sustegy Analysis

3.2 Define Strategy Details

Strategy details that need to be defined are as follows:

3.2.1 General

Description
A brief description of the works involved in the strategy.

Optimisation method
Select the optimisation method as either:
= Maximise NPV
= Maximise dIRI
= Minimise cost for target IRI

Start year of the analysis period
Duration of the analysis period

Output currency
The units of currency in which the strategy analysis outputs are to be presented.

Conversion rate

The conversion factors between the output and vehicle fleet currency units, and that
between output and road works currency units used in the analysis.
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3.2.2 Study Sections

All the sections in the selected road network are available for analysis. The sections to be
included in an analysis can be selected using the same two methods as described for Project
Analysis (see Section B.3.2.2).

A pre-defined traffic growth set has to be assigned to each selected section. A copy facility
is available to copy a growth set that has been assigned to one section to other sections.

3.3 Specify Alternatives

An alternative entitled Base Alternative is automatically created for each selected section, to
which Maintenance and/or Improvement Standards can be assigned. The user can add as
many alternatives to a section as required for the analysis of that section.

A section alternative is defined by firstly giving the alternative a name. Maintenance and/or
Improvement Standards are then assigned, specifying the date from which the standard is
effective. For Improvement Standards, the user has the option of including generated traffic
and exogenous benefits and costs.

3.4 Generate Strategy

3.4.1 Perform Run

In strategy analysis, the only analysis option available in Perform Run is Life-Cycle Analysis.
The Base Alternative is automatically selected using the Maintenance and/or Improvement
Standards that have been previously assigned to this alternative.

Also in Perform Run, the user specifies the scope of the analysis to be undertaken.

Accident Costs
If accidents analysis is to be included, then unit costs for accidents should be specified
for fatal, injury, damage only or all accidents.

Other Models
Other models that can be included in the analysis are energy balance, vehicle
emissions and acceleration effects.

Asset Valuation
This optional component estimates the asset value of a network that is being analysed
during the analysis period. This option is new in version 2 of HDM-4.

Selecting the Start button initiates the analysis. During the run, the status is displayed in
terms of the stage of analysis reached and the percentage completion. The analysis can be
stopped at any time by clicking the Abort button.

3.4.2 Unconstrained Programme

After running the analysis, the options with the highest NPV (net present value) are assigned
for each representative section. This produces an unconstrained works programme,
determined from the maintenance or improvement standards defined by the user. This result
reflects the overall needs for road works.
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If the needed budget for each budget period is below the given budget constraints, no further
economic analysis is necessarily needed, and the unconstrained solution can be used as an
optimal strategy. However, if the budget needs are higher than the available budgets, the
user has two choices:

1. Review maintenance and improvement standards and then run the analysis again

2. Execute optimisation

As for programme analysis, users may select representative sections to be committed (i.e.
given high priority for funding) from the unconstrained programme. The cost of the works for
the manually selected sections will then be subtracted from the budgets before allocation of
resources to other sections. If manual selection is used, there must be sufficient budget to
cover the manual selections plus the base alternatives for all other sections.

The costs of works classified by the user as recurrent are not initially displayed in the
unconstrained works programme. The user has the option to display the costs of the
recurrent works.

3.5 Perform Budget Optimisation

The user can specify any number of budget scenarios to investigate. For each scenario the
user specifies the budget available for different budget periods of the analysis period.
Separate analyses are conducted for each budget scenario.

Once the budget optimisation has been performed, an optimised programme is generated for
each budget scenario. The user needs to select from the pull-down menu the appropriate
budget scenario to view the optimised programme for that budget scenario.

3.6 Generate Reports

The input data and the results of the analysis are presented in appropriately named reports
that are stored in folders as listed in Section B3.6.
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PART E PROJECT ANALYSIS CASE STUDIES

1 CASE STUDY 1 - UPGRADING A GRAVEL ROAD

1.1 Introduction

This case study presents the economic analysis of a project to upgrade an existing gravel
road to a paved standard. The existing road is 50 km long and passes through varying
topography. For this analysis the road has been split into three sections based on geometry,
pavement condition and traffic volume. Traffic and condition data are available from surveys
undertaken in 2005.

The purpose of the analysis is to assess the economic benefits resulting from the proposed
investment. (This differs from a financial appraisal that is concerned with the means of
financing a project and the financial profitability of the project). The economic feasibility of
the project is assessed by comparison against a base-line project alternative (maintaining the
existing gravel road). The timing of the upgrading is examined in the case study, as this is
considered vital to its feasibility.

The example described below is an Analysis by Project case study, Project 1la. Upgrading a
gravel road (by project) — without sensitivity analysis. Two further case studies exist in
the same folder which are based on the same overall project.

Project 1b. Upgrading a gravel road (by project) — with sensitivity analysis investigates
the effect of changes in the value of a number of key variables on the outcome of the
economic analysis.

Project 1c. Upgrading a gravel road (by section) uses the Analysis by Section method to
examine the viability of the individual physical sections of the overall project. In this case
sensitivity analysis is not examined.

Projects 1b and 1c case studies are discussed later in this section.

These case studies are located in the Projects folder in the Workspace. Double-click on
Project case study la. Upgrading a Gravel Road (by Project) — without sensitivity
analysis.

1.2 Define Project Details

In the Define Project Details screen, the following tab pages may be displayed:
= General
= Study Sections

1.2.1 General

The information displayed in the General screen includes the study description, analysis
type, analysis period, the pre-defined Road Network and Vehicle Fleet, and the currency to
be used for the analysis.
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This case study is presented as an Analysis by Project example. The analysis period is
defined by the start year 2006 and a duration of 20 years (i.e. 2006 — 2025). The sections to
be analysed are in the Road Network entitled Rural Roads, to which the Northern Province

Vehicles have been previously assigned as the vehicle fleet. The currency being used in this
analysis is US dollars.

wik HDM-4 - [Project: 1a. Upgrading a gravel road (by project) - without sensitivity analysis]
i wiorkspace View Report/Chart Window Help

=18l
Define General | Study Sections |
Project
Details
Description: ||
- Seecy =
Atematives

- A

Projscts

Analyseby: ( Section & Project
- Vi Citeia
Analysis Start year: (2006

Analysis peried: (20 years
A Genert
@ Foouts” Road Netwerk: [Rural Roads |
- Vehicle Fest: [Northem Province Vehicles

Curmenci

Feet: US Dollar

= output cumency
Works: US Dollar

x |1—
=i = oulput curency
1

=output cumency

Network: US Dollar

x
Output: |US Dollar d

3
B Save

S o

Froject desoription

1.2.2 Study Sections

Three road sections have been selected for analysis, namely Town A to Town B (B001-01),
Town B to Town C (B001-02) & Town C to Town D (B001-03).

wik HDM-4 - [Project: 1a. Upgrading a gravel road (by project) - without sensitivity analysis]
i wiorkspace View Report/Chart Window Help

_|8x

Define Gonerd StudySEctmnsI

Project

Detals - -

Include in [ Section Summary | P a]

J Specty Study | Analysis | D | Descipion | Class [ Pavement |

Atematives ¥ | ¥ BOM03  TownCtoTownD  SecondayorMan  Unsealed  Project 1

7] ¥ BOM02  TownBtoTownC | Tettians o Local Unsealed | Project 1

- Analyse =] =] BOOT-01 Town &.ta TownB | Secondary or Main Unsealed | Project 1

rojects

Projects

Muti Citeria
B iy

/ey Genewie
Reports

Kl

é Save Assign Growth Set

[+[]
Sections
Sclect by Crtera... | View/Edt Section...| View/Edt Fiet
Unslect Al | View/Edt Netwark...

Hetiork 3
Siudy: El
ﬂ Clese Easte Grouh Gt |- Shaw unselected
=" sections

Sections selected for analysis

Copy Growth Set
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By double-clicking on the section gives access to the section details. However, the Traffic
Growth details can only be seen and edited through the Vehicle Fleets folder. To access
the Traffic Growth Sets that have been previously created, the user needs to open the
appropriate vehicle fleet (in this case Northern Province Vehicles) in the Vehicle Fleet folder
and click on the Edit Traffic Growth Sets button which then displays all the previously created
sets. Double-clicking on the appropriate set (in this case Project 1) displays the details of the
traffic changes over the analysis period.

The traffic growth rates for the motorised traffic in this case study are displayed below (non-
motorised traffic not used in this case study).

Traffic Growth Set: Project 1 E3

Name: IPrDject 1

Description: IUpglading a gravel road

Matorised Growth Periods | Non-Motorised Growth Periods I

Yehicle

Anrual %
increase
from year 1

M edium Bus

Light Goods Vehicle
M edium Car

200

Artic Truck 2.00 Delete Period |
Heawy Truck 200

b ediurn Truck 200 Mote: years are
Light Truck 200 — defined relative to

4.00
4.00

2| Add Mew Period...
Edit Period...

the start year of the
analysis in which

- | the traffic growth
| » set is used.

Cancel

For this case study, the road has been divided into three sections based on those physical
attributes that vary along its length. The main characteristics of these three sections are

summarised in Table E1.1.

Table E1.1

Characteristics of the Sections
Section ID B001-01 B001-02 B001-03
Section Name Town Ato TownB | TownBto TownC | Town Cto Town D
Length (km) 20 10 20
Carriageway width (m) 7 6 8
Number of lanes 2 2 2
AADT (2005) 500 250 750
Rise and Fall (m/km) 10 15 30
Horizontal curvature (°/km) 50 300 15
Altitude (m) 120 295 370
Year of last regravelling 2003 2003 2003
Gravel Thickness (mm) (in 2005) 100 100 100
Roughness (IRI) (in 2005) 7 7 7
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= Definition

Each road section is considered homogeneous in terms of its physical attributes (e.g. road
class, climate, carriageway width, geometry, pavement condition, traffic flow, and axle
loading). Note that no shoulders are specified, and the full width of gravel surfacing is
assigned as carriageway width, since in practice shoulders on a gravel road are maintained
as part of the carriageway. The selected road deterioration model calibration information is
also identified on this screen, including the selection of material properties.

Section: Town C to Town D E

Definition |Geometr)'| Pavement I Condition I Other I Motorised Traffic I Non-motorised Traffic I Asset Valuation I

own Cto To Speed Fow Type: ITwo Lane Road j
1D: [B001-03 Traffic: Flaw Pattem: [Commuter =l
Link Mame: [Link AD Accident Class: ITwo Lane Road j
Link D: [ML-023 Cimate Zone: | Subtropical-Hot Sub-Humid x|
Length: IZD— km Boad Class: ISecondary or Main j
Cway Width: IS— m
Shoulder Width: |D— m Caliration Set: |Rural

Flow Direction: ITWD‘WEY 'l Calibration tem: ILaterite Gravel =l
Surface Class: IUnseaIed 'l Selected Calibration kem Summary —————————

Pavement type: IGElveI

Surface material: ILateritic gravel

oK I Cancel

[Name of section

=  Geometry
This screen summarises existing geometric parameters (before upgrading) including those
for horizontal and vertical alignment.

Definition  Geometry | Pavement I Condition I Cther I Motorised Traffic I Non-motorised Traffic I Asset Valuation I
Rise + Fall: lm— oo Speed Reduction Factors
Mo. of rises +falls: |3— no./km KNMT: |1 0.4 <= XNMT <=1
Superelevation: [3 % Road side friction: [1 0.4 <=XFRI<=1
Avg horiz curvature: [15 deg/km XMT: 1T 04<=XMT <=1
adral: |0.1 m/s?
Speed limit: |100 km/h
Speed limit enforcement: [1.1
Altitude: {370 m

oK I Cancel

|Average road rise plus fall (in m/fkm)
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. Pavement

The surface and subgrade material types are given in this screen, together with the year of
last regravelling (2003 for this case study).

Section: Town C to Town D E

Definition I Geometry Pavement |Cond'rtion I Other I Motorised Traffic I Mon-motorised Traffic I Asset Valuation I

Surface Material: I_a:e-': c gravel j

Subgrade Material: ell-graded gravel-sands with small clay content, GC
Compaction method: IMechanicaI 'l
Last regravel year: IZDD3

oK I Cancel

|subgrade material

The material properties can be reviewed under Configuration/RD Calibration Sets/Rural in
the Unsealed tab page.

}-_" RD Calibration Set : Rural =1 B3

Name: IRumI

B'rtuminousl Concrete  Unsealed |

Model library (DLL): IHDI‘\'M Defautt DLL
RD Calibration ltem . Flg Fl2g Fd25g FO75g THG [mm] Flz POZ2s
Laterite Gravel 1010 51.10 41.60 25.50 0.00 15.00 B0.C
[l | 3
'}i% MNew tem | Copy ltem | t" Delete tem

= Condition

The information on this screen confirms a gravel thickness of 100 mm and a roughness of 7
IRI'in 2005. Note that, to enable road condition to be modelled through the analysis period,
condition data must be specified for the year prior to the start of the analysis period. In this
case study the condition data refer to the end of 2005, with an analysis start year of 2006.
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Section: Town C to Town D E

Definition I Geornetryl Pavement Condition |0ther I Motorised Traffic I Mon-motorised Traffic I Asset Valuation I

Condition at end of year 2005
Grawel Thickness [mm 100.00
Roughness (IR - mdkm 7.00

oK I Cancel

[¥early condition data

= Other
The number of lanes (ELANES) is specified as 2 for the existing road. The ELANES of the

road after improvement is defined within the Improvement Standard.

Section: Town C to Town D E

Definition | Geornetryl Pavement | Condttion Other | Matorised Traffic | Non-motorised Traffic | Azzet Valuation |
—Compaction (Bituminous only)

Humber of lanes: I: Relative compaction: I: =

r— Shoulders (Concrete only) r— Previous surface condition (Bituminous only)

Area of all structural cracking: I: )

fidthof widening: |: m Area of wide cracking: |Z %
Transverse themmal cracks: I: noskm

Shoulder type:

r Drainage

ELANES: |2

oK I Cancel

[Mode! seperate lanes for non-motorised traffic

= Motorised Traffic
The AADT for the section B001-03 (Town C to Town D) is 750 divided as shown between the

various vehicle types within the Vehicle Fleet. If certain vehicle types are not represented on
the road section being analysed, then a value of zero should be entered (as for 4WD &

Minibus in this case study).

Applications Guide

HDM-4 Version 2.0 E1-6



Part E Project Analysis Case Studies

Section: Town C to Town D [ %]

Definition I Geometryl Pavemert I Condition I Other  Motorised Traffic | Mon-motorised Traffic I Asset Valuation I

Wehicle Fleet used for this section/network: |Northem Province Vehicles

Survey Year: | 2005 Edit ear... |
WD

0.00

Artic: Truck, 30.00
Heawy truck 30.00
Light Goods Wehicle 120,00
Light Truck 120.00
Medium Bus 30.00
Mediurn Car 300.00
Mediurn Truck. 120.00
Mirii-bus 0.00
Total 2407 | 750.00

oK I Cancel

[Motorised Traffic

= Non-motorised Traffic
For this case study no NMT is specified.

= Asset Valuation
Asset valuation is not considered in this case study (see Section 0 for an example of the use
of the asset valuation functionality).

1.3 Specify Alternatives

A total of five project alternatives are considered in this case study for each section. The first
alternative, Base Alternative, represents a continuation of current maintenance practice.
The 2™ to 5™ alternatives represent the implementation of the project to upgrade the existing
gravel road to paved standard. The duration of the upgrade is two years for road sections
B001-01 and B001-03, and one year for section BO01-02. The upgrade alternatives include
upgrading the road starting in the year 2006, 2008, 2010 or 2012.

The maintenance and improvement (upgrading) standards for the project alternatives are
summarised in Table E1.2. The maintenance standards are stored in the Works Standards
/ Maintenance Standards folder and the improvement standards are stored in the Works
Standards / Improvement Standards folder.

For the Base Alternative the Gravel Road Maintenance standard is applied to the three
sections from the start of the analysis period (i.e. from 2006). For the Upgrading alternatives,
the Upgrading improvement standard is applied in either year 2006, 2008, 2010, or 2012,
with the Maintenance before Upgrading standard applied for the years prior to the start of the
upgrading, followed by the Maintenance after Upgrading standard applied once the
Upgrading has been completed.
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It should be noted that only one Maintenance Standard or Improvement Standard will be
effective in any analysis year. However a Maintenance Standard may include more than one
works item which could be implemented in a given year, for example, grading and spot
regravelling on unsealed roads, crack sealing and patching on bituminous roads. Details on
the implementation of works are given in Volume 4, Analytical Framework and Model
Descriptions.

Table E1.2
Maintenance and Improvement Standards
Standard Works Items Criteria
. Gravel thickness < 100 mm
Gravel Road | Spot Regravellin .
Maintenance P 9 9 Max quantity 100 m*/km/yr
& Heavy Motorised Grading Every 180 days
Maltr:t?nance Gravel thickness < 50 mm
Upgrggiang Regravelling Final gravel thickness = 150 mm
Maintenance Initial IRl = 4
Patch Potholes Potholes > 50 no./km
Maintenance | 15 mm Reseal Cracked carriageway area > 15%
after 50 mm Overlay 6<IRI<125
Upgrading : .
Reconstruction with 25 mm
. IRI>10
surface dressing
. . Scheduled for specified years
Improvement Upgrading 25 mm surface dressing Duration 2 years

s HDM-4 - [Project: 1a. Upgrading a gravel road (by project) - without sensitivity analysis] ]
[ Workspace View Report/Chart Window Help -8 x|

Define Absmtives |

Detais ~Navigation Detail
e ER= oo o oo R | i
Atematives = Base Atsmative AlErativaName: Mew | Divered |4
&1 Town Ato Town B Sl | e
g e - [¥] 2006 - Project 1 - Gran Base Altermative ] = Edit
Projects E-B5 Town Bto Town C Upgrade 2003 %
I —— - [¥] 2005 Project 1-Gran
S B Town Cto Town D Upgrade 2010
e - [X] 2006 - Projsct 1 - Gran Upgrade 2012
= Upgrade 2008 Add new altemative

s =58 Town Ato Town 8
p o) i [¥] 2006 : Project 1- Mo

2008 : Project 1-B10
-8 Project 1 - Mice =
Town Bto Town C
. [¥] 2006 : Project 1-Mor
. = | 2008 : Project 1-B10
[¥] Project 1-Mice =
£ B Town Cto Town D
[¥] 2006 : Project 1- Mior
= | 2002 Project 1-B10.
[¥] Project 1-Mice =
2+ Upgrade 2006
ElEE Town Ato Town B
- = [ 2005 : Project 1-B10
: [¥] Project 1-Mice =
£1 B Town Bto Town C Ll
. = 2008 : Project 1-B10
: [¥] Project 1-Mice =
£-&F Town Cto Town D
= [ 2006 : Project 1-B10
[ Project 1- Mice &
= U

grade 2010
3
B3 - K] 2006 - Project 1- Mo -

Town Ato Town B
=l 2010 : Project 1-B10.x
ii 5 4 » Add Alemative. Copy Atemative | Paste Atemative Delete Atemative
ose

5
o
==

5
o
[
|
(=M =8

Upgrads 2008

5
o
[

*
®
*
®
*

Il»
=
=

Edit
Edit

5
o
[

=8 -]

o

|ichuds econoric comparisans in the analysis
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The Alternatives Tab provides the means to showing the Works Standards (assignments)
associated with each project alternative. For the selected alternative, the Works Standards
assigned to a section can be reviewed by selecting that section as shown below. In this
example, both Maintenance Standards and Improvement Standards are assigned. Post
Improvement Maintenance Standards are also assigned at this point, as well as Generated
Traffic and Social & Exogenous Costs and Benefits should they be included in the study.

w8k HDM-4 - [Project: 1a. Upgrading a gravel road (by project) - without sensitivity analysis]

[d Workspace View ReportfChart Window Help NEE

Define Atematives |

P Project
Details ~Navigation Detal
S 5 55 A by Proet ]| P b Poject > Upgrade 2008 > Town Ato Town 8
Atematives =& Base Atemative Maintenance Standards =)

! 55 Town Ato Town B
e [X] 2006 : Project 1 - Gran HName Code Year
Projects Town Bto Town C
. | A [¥] 2006 : Project 1-Grar | [Project 1-Mice before Upgrading P1-MBL 2006
e (l| | oD R

[¥] 2008 : Project 1- Gren
= =[5 Upgrade 2008
T o 2 e
I 4 [¥] 2006 : Project 1 - Micx
Il 2008 Project 1-B10
i [X] Project 1 - Mtce =
i E-fE Town Bto Town C
[ 2006 : Project 1- Mtey
I 2008 : Project 1-B10
~[¥] Project 1 - Mtce =
£ Town Cto Town D
-[¥] 2006 - Project 1-Mics
=-Jl 2002 : Project 1-B10
i [¥] Project 1 -Mice &
=& Ungrade 2006
| EEE Town Ato Town B
=l 2006 : Project 1-B10
[¥] Project 1-Mtce =
&= TownBoTomnC  _|
-l 2006 : Project 1-B10
[¥] Project 1-Mice &
own Cto Town D
=]l 2006 : Project 1-B10
i ~[X] Project 1-Mice &
-5 Upgrade 2010
| EEE Town Ato Town B I

mEl

¥

Improvement Standaids

Social and

Geneiated Traffic | _Exageneaus

Bensfits & Costs
| [Profeot] - B1001 - 01 - Upgrade in 2008 2008 Froject 1 -Mice Edt | _ Edt

Add ren sssiqnment

Post Imp.

Name Year Maint, Std

+
B Save

g 10 Project 1-B10.7] || L. [+[]
m a 7 » Copy Assignments...| Paste Assignmerts...|  Remove Improvement| Remove Mainterance
s

006 : Project 1- Mic

Icludz ecanomic camparisans in the analysis

1.4 Analyse Projects

1.4.1 Setup Run

The options selected in the Setup Run screen include the project base alternative for the
economic analysis and the discount rate (10% in this case study, based on the published
Government Accounting Rate of Interest, or advised by the appropriate Planning Authority).
The additional models for accidents, energy balance, emissions, acceleration effects and
asset valuation are not included in this analysis.
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unu HDM-4 - [Project: 1a. Upgrading a gravel road (by project) - without sensitivity analysis]

[ workspace  View Report/Chart Window Help =18 x|
Define Setup Run | Senstivity | Fun Analysis

P Project I I i
Details ¥ Conduct Economic Analysis———— ~ Model Inclusion

I~ Energy Balance

Specify
B emaives Base atemative: [Base Atemative -

Discount gate: [10 % " Emissions
'9':;3;12 ™ Acceleration effects
1~ Include Accident Costs————————————
\veraie accidert calegory costfin thousards

- Log Fil
Multi Crrera
B avaiyis I~ Wiite Logfie

@ Generste =
Reports I™ Exclude annual yehicle data

I Exclude vehicle penod data

Fun Data Expot Detai

[Assetvalugon —————————————————
I” Perform run with asset valuation ‘

~Run Data Expott Directory.
[P:\Wy Documens\iFolder\HDMGiobal\Volume 2\Final workspace\Tral Preject 12 Browss. ‘

L3
B Save

ii Close

clude sconamic comparisons in the analyss

For this case study (Project 1a), sensitivity analysis has not been selected (see Project 1b
for sensitivity analysis).

1.4.2 Run Analysis

This starts the analysis and produces the output necessary for report generation.

1.5 Multi Criteria Analysis

Multi criteria analysis has not been used in this case study.

1.6 Generate Reports

The output reports from the analysis are produced and stored in the appropriate folders. The
user may select Generate Reports to display the folders holding pre-defined report options.
The pre-defined report categories are shown in the following screen in which two of the most
relevant folders for this case study are open.
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w24 HDM-4 - [Project: 1a. Upgrading a gravel road (by project) - without sensitivity analysis]

4 workspace View ReportiChart Window Help

o Define Select Reports |
Project
e Run Data Directory
Specify { |D \Greg\HDM-4\Case Studies\V2 0'Vol 2 Greg\RunData
E Atematives

Traffic

p Arose
Projects Deterioration / Works Effects
{7 Average Roughness by Project (Graph)
+4 Average Roughness by Section (Graph)
+-€7 Bituminous Pavement Condition {Graph)
;g7 Pavement Condition (Bituminous Pavements)
147 Pavement Condition (Concrete Pavements)
147 Pavement Condition (Unsealed Pavements)
12 Pavement Candition Summary
1€ Road Drainage Condition
1€ Road Warks Summary (by Section)
+-47 Road Works Summary (by Year)
£ Unsealed Pavement Condition {Graph)
[-{_] Road User Effects
[#-{_] Environmental Effects
(=123 Cost Streams and Economic Evaluation
17 Comparisan of Cast Streams (Discounted)
17 Comparison of Cost Streams {Undiscounted)
{4 Econamic Analysis Summary
1€} Economic Indicators Summary
47 Road Agency and User Cost Streams {Discounted)
*£7} Road Agency and User Cost Streams (Undiscounted)
[#-[_] Programme & Strategy Analysis
-] Input Dats
Muli Criteria Analysis
-] Asset Valuation

Multi Criteria
B e

Generate
Feports

B

+
B Save

ﬂ Close

p Generte
Fleport

Show report
™ management
funetions

[Select a report to display

=  Traffic

Details on the traffic flows for each alternative over the 20-year analysis period are reported
in this folder in both graphical and tabular form. For eample, the AADT for Project Road

Sections graph illustrates the growth in AADT for each section.

Traffic volumes are

inextricably linked with project viability and therefore correct data and trends are critical. All

trends are consistent with the input data.

H D M - 4 AADT for Project Road Sections (Graph)

SOy N3N & 1a. Upgrading a gravel road (by project) - without sensitivity analysis

SEWAY DEVELOTMET & MANAGEMENT Run Date: 27-03-2006

Alternative: Bse Allemative
Sensitivity: S=se Sensitivity Scenaria

Annual Average Daily Traffic (AADT) for Motorised Vehicles

1600 —B-Town A to Town B
1400 —i-Town B to Town C
S o O Town C to Town D
=
= 1200
E
S 1000 g
] | 3
5 ._,Jn—f*""'
2 800 | g
= P_JHF—J'_).
= 500 -
= 31 1
L 48—
400 -
L4 -1
(o = s e SR e b L L 8o a8 a8
c o o o o o 0O 0 O 0o 0O O 0O O O 0O O O O O
N N NN NN NN NN N NN NN NN NN NN NN NN

HDM-4 Version 2.00

Page 1 of 5

= Deterioration / Works Effects

The progressions of the various distresses for each alternative over the analysis period are
reported in this folder in both graphical and tabular form. Also reported in this folder are the
timings of the works carried out for each alternative during the 20-year period.
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For example, the Average Roughness by Project graph displays the average annual
roughness trend for each section-alternative. It helps confirm that modelled trends and
works effects have been entered and modelled correctly. Failing to make such checks can
lead to wasted effort. Users should also seek to get a ‘feel’ of model responses and relate
this to real life experience. As shown in this example, the Base Alternative maintains a poor
condition, with some variation due to maintenance, whereas the various upgrade alternatives
are shown to improve in roughness at the specified time, and roughness slowly increases
over a period of time, much as expected.

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

Study Name: 1a_ Upgrading a gravel road (by project) - without sensitivity analysis
/AY DEVELOVMENT & u Run Dale: 27.03-2006

Sensitivity: S35 S=nsitivity Scenania I

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

18.0 ‘ | —l- Base Alternative
160 —l- Upgrade 2006

P | \ \ O Upgrade 2008
14.0 — B} Upgrade 2010
5 \l ¥ \ \ / O Upgrade 2012

10.0 \

80

IRIav {m/km)

6.0

4.0

=

20

2006
2007
2008
2009

HDM-4 Version 2.00 Page 1of 1

Other reports in this folder provide useful information for this case study. For example, the
Pavement Condition Summary report provides in tabular form a summary of the performance
of each section-alternative before and after upgrading. It is useful to identify changes in
condition, both deterioration over time and improvements following treatment for each case,
such as gravel loss, crack initiation and propagation, etc.

The Pavement Condition (Unsealed Pavements) report gives the condition of each unsealed
section for each alternative up to the time that it is upgraded to a bituminous pavement, as
shown for the upgrade in 2012 in the screen below.

Applications Guide
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HDM-4 Pavement Condition (Unsealed Pavements)

Section: Town Ato Town B
Alternative:  Upgrade 2012
Sensitivity: Base Sensitivity Scanario

Length: 20.00km Width: 7.00m Rise + Fall: 10.00mslm Curvaturs: 50 .00dagikm Road Class: Secondany or Main

Year MT Favement
AADT Type

2006 516 Before works Gravel 62.54 13.56
After works Gravel T4.48

2007 513 Before works Grawvel .z 5.45
After works Gravel 50.00

2008 L] Giravel 2.06 832
Gravel 2.05

2009 BT Gravel 73.30 1280
Grsvel 84,53

2010 L2 45.37 15,36

2013 645 13.28

5TGB * Upgraded to a Bituminous Pavement

The Road Works Summary (by Section) report is useful for checking that treatments are
triggered, and quantities and costs are calculated properly. Unsealed road treatments are
shown to trigger at regular intervals, up to the point of upgrading. Beyond this a set of
bituminous maintenance treatments are triggered in response to significant surface distress.

= Road User Effects
The various components of road user effects are reported in this folder.

= Cost Streams and Economic Evaluation

This folder contains the results of the economic analysis. Having verified the physical
performance of the sections and the associated agency costs, it is appropriate to examine
the economic data. The Economics Indicator Summary report shown below provides an
appropriate summary and can be used to select the most viable alternative. Alternatively,
the Economic Analysis Summary may be used to extract relevant information, but this is
more useful when examining project sensitivity and the changes in costs and associated with
individual components of a cost benefit analysis (see Project 1b).
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H D M A 4 Economic Indicators Summary

Sdyhame 1a. Upgrading a gravel read (by project] - without sensitivity analysis
SN TEs 37-03-2006

% 105 Dellar (millionsk

DiscoUt "2 40 00%

HGHWAY DEVELOPMENT & MANAGEMENT

Sensitivity: Sase Sensivy Scensri

Abernathes Present Value Present Value of inerease in | Deorsass In Nei Hed P sant NPVIC ost HPVIC osd infernal Rade
of Total Agemey Caphal | Ageney Costs | UserCosts Emprrous value Rafla Raflo of Redurn

Agency Costs Costs (CAP) c) (B) Eanefiis NPV =B*EL) NPWRAC) MPWICAP) (IRR)

(RAC) =1

Base Alermative 2510 1885 2300 Q000 0003 0033 0003 Q003 000
Upgrace 2002 AGEEH 107 2374 12810 000 4437 4o [-FRE 163 {1
wograse 2005 12417 12417 1a:a7 12755 Q.00 2343 Q20 st ) 129 {1
Upgrade 2010 93535 Ss539 T35 5308 falas ] 1583 o200 0208 13241
Upgrade 2012 aTia 2138 5100 2084 0003 1585 a8 42 145 {1

Figure In brackets Is num ber of IRR soluflons in range -30 o +300

A positive Net Present Value (NPV) is indicative of project economic viability, with the best
timing coinciding with the maximum value. In this case a positive NPV is found immediately,
therefore the project is viable. The NPV then increases as the project is delayed (to 2008),
producing net benefits almost 50% greater than those estimated for the earlier timing. The
NPV then tends to fall as upgrading is delayed further, to less than half that of the Upgrade
2008 alternative, thus confirming the importance of examining a range of timing alternatives.

A high NPV/C, similar to the Benefit Cost Ratio, confirms the relative value of the benefits per
investment unit. Whilst this indicator is usually employed in ranking (or prioritisation) under
budget constraint, it provides confirmation of the positive result. An Economic Internal Rate
of Return (EIRR) greater than the discount rate is also indicative of project viability.

1.7 Sensitivity Analysis

Sensitivity analysis is carried out to examine the robustness of a project, in economic or
financial terms, to changes in the magnitude of important variables. It may be undertaken as
part of a broader scenario or risk analysis because the results of an appraisal are subject to
uncertainty. However, for the latter to be done comprehensively, ideally a probability based
approach should be used. This is usually only appropriate where risks (and associated
probabilities) are well defined.

The ‘sensitivity analysis’ functionality within HDM-4 allows a relatively simplified examination
of uncertainty by allowing the user to employ higher and lower figures than those expected,
and to determine how sensitive the economic decision criteria are to such changes. The
variables chosen are a matter of judgement, but for most ‘capital’ road projects, project
viability should be tested for variations in traffic, project costs and timing. Depending on the
project other factors may be examined, including generated traffic, time and accident
savings, shadow prices, maintenance and special factors, such as the effects of
complementary investments, or the effect of management or regulatory actions.

Project 1b. Upgrading a gravel road (by project) — with sensitivity analysis investigates
the effect of changes in the value of a number of key variables on the outcome of the
economic analysis.

The effect of timing was considered in Proejct 1a, and therefore the additional scenarios
which were examined included variations in the following variables, each one at a time:

» Base (or Normal) AADT (+/- 25%)

= Normal traffic growth (+/- 25%)

» Capital costs (+/- 25%)
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This case study is located in the Projects folder in the Workspace. Double-click on Project
case study 1b. Upgrading a Gravel Road (by project) — with sensitivity analysis.

The additional steps and results are described below.

1.7.1 Defining Scenarios

Scenarios to be examined in a sensitivity analysis are defined in the following screen, which
is accessed through Analyse Projects/Sensitivity tab page.

#av HDM-4 - [Project: 1b. Upgrading a gravel road (by project) - with sensitivity analysis] M= ES
i workspace view Report/Chart Window Help =]
Define Setup Run  Sensttivity | Run Analysis
- P - [Foer]
ELE ¥ Conduet Sensitiviy Analysis
Specty
W emives Traffic Veh Use et Bens ]
Description MT MM Nomal | Growth | Gener | Op. ESALF  |AKM HRwK  [Captal  |Recurent |Special |MTVOC |MT Time |NMYOC |Accidents |E
Analyse Nomal  |Nomal | Traffic | After ated weight Time
Projects AADT | AADT Growth | Diversion | Traffic
Base Sensitivity Scenario 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
- ”g"‘r“’;"'vsc":e”ﬁ High A4DT 1.25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Low AADT 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
T Gonermie High growth 1.00 1.00 125 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
@ Regorts Low growth 1.00 1.00 0.75 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
High Capital Cast 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.25 1.00 1.00 1.00 1.00 1.00 1.00
Low Capital Cost 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.75 1.00 1.00 1.00 1.00 1.00 1.00
| | >
fdd New Scenaro | Delete Scenario

+
B Save

5 o

[clude economic compaisons n the analysis

In Project 1a this screen would have been blank except for the presence of the Base
Sensitvity Scenario, therefore the other scenarios have been added. The % variations noted
in the above scenarios have been introduced as multiplication factors (e.g. 25% is presented
by the factor 1.25, etc).

1.7.2 Run Analysis

This starts the analysis and produces the output necessary for report generation, and is
executed in the normal manner.

1.7.3 Generate Reports

A full set of reports are available for all scenarios. The user may select Generate Reports to
display the folders holding pre-defined report options which they consider relevant to
interpreting the results of this case study. Both input and output/analysis reports should be
examined. The following discussion concentrates on the latter, specifically those contained
in the Cost Streams and Economic Evaluation folder.
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= Comparison of Cost Stream (Discounted and Undiscounted)

These comprise two separate reports (see below) which contain a summary of the changes
in road agency cost and road user costs, and the net social/exogenous benefits and total
benefits. Each project alternative/scenario is reported separately. Having verified that traffic
and physical parameters have changed in accordance with expectations, these reports are
useful for verifying changes in costs have been computed and reported correctly as they are

key to the project outcomes.

In the Base Sensitivity Scenario shown below, the first year capital costs are of the order of
$2.55 million. In the high capital cost scenario shown in the following figure, the first year
costs have risen to approximately $3.2 million (+ 25%) thus confirming the desired change.

H D M - 4 Comparison of Cost Streams (Discounted)

HGHW AY DEVELOPMENT & MANAGEMENT

Study Mame qb. Upgrading a gravel road {by project] - with sensitivity analysis
Fun Cate: 27.03-2006

Surenzy. US Dollar millions)
Discount rats! 410.00 %

Section:  T@Wn Ao Town B

Alternative; Uparaie 1005
Sensitivity: B35& Sensitivity Scenans

& Oper:

Sect |
Lengt! Width: 7.00m Curvature: S0 j=g/km
Year Increase in Road Agency Costs Saving s in Road User Costs Met Total
Social/ Met
lc;.largrl Hment zr:kial Normal {+ Diverted) Traffic Generated Traffic ’-BE‘idf-;"t Exogenous | Benefits
= 2 e MTVOC | MTTime | MATTime | MTVOC | WMTTime [ MWT Time | _ w950 | Benefits

& Opemtion

o

0
&
o.
o

S Rk
s e oo

HEBHBEHER

o000

HDM-4 Version 2.0 S
HDM-4 Comparisonof Cost Streams (Discounted)
Section: Town A to Town B
Alternative: Upgrade 2008
Sensitivity: High Capital Cost
Sect ID: BOO1-01 Road Class: Secondary or Main
Length: 20.30 km Width: 7.00 m Rise+Fall: 10.00 m/km Curvature: 50.00 degikm
Year Increase in Road Agency Costs Savings in Road User Costs MNet Total
Social / Net
Eluapl't‘al Ri‘c:ur;":nt i‘?e::a\ Normal (+ Diverted) Traffic Generated Traffic Ané'.ld:rt Exogenous Benefits
orks or oms MTVOC MTTime | NMT Time | MTWVOC MTTime | HMT Time ast Benfits
& Operation & Operation | Reduction
2008 3.188 -0.047] 0.000| -0.081 0.015 0.000| 0.000 0.000 0.000 0.000 0.000 2417
2007 2685 00298 0.000| 0.026 0.006 0.000| 0.000 0.000 0.000 0.000 0.000 -2.827
2008 0.000| -0.024] 0.000| 0.188| 0.032 0.000| 0.000 0.000 0.000 0.000| 0.000 0.242
2005 0.000| -0.035 0.000| 0.387| 0.078 0.000| 0.000 0.000 0.000 0.000| 0.000 0.4T1

= Economic Analysis Summary

This report (shown below) contains a summary of the key economic values for each project

alternative/sensitivity scenario.
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HDM-4

1GITWAY DEVELOPMENT & MANAGEMENT

Economic Analysis Summary

Study Name: 4b. Upgrading a gravel road [by project] - with sensitiv

2! 27-03-2008

¥ U5 Dellar (millions)
t 10.00%

Anzlyziz Meodsl Analysis-by-Project

Alternative: Upgrade 20068 vs Alternative: Base Alternative
Sensitivity Scenario: Base Sensitivity Scenario

Increase in Road Agency Costs Savings in | Savings inMT Savings ir Reductior He: Ne
MT VOC Travel Time NMT Trave in A ceident Social / Economic
3 B Costs & rperating Costs Exoge nous Benefite
Capital
" Hecument specl Cost: Benefits NPV
Undiiscounted 1.1 -2.06 0.00 30.34 8.70 0.00 0.00 0.00 278D
Discountsd EET 0.00 11.32 243 0.00 0.00 .00 285

Economic Internal Rate of Return [EIRR} = 12.9% [No. of solutions = 1)

Results of the sensitivity analysis have been summarised in Table E1.3, Table E1.4 and
Table E1.5. For this analysis, only the 2008 timing alternative was examined as this was
previously shown to provide the most viable option.

Table E1.3
Comparison of NPV (millions) and EIRR by AADT Scenario

Economic Indicator Low Most Likely High
NPV (Discounted) -0.02 4.44 8.81
EIRR 10.0 16.3 21.6

Table E1.4

Comparison of NPV (millions) and EIRR by Normal Traffic Growth Scenario

Economic Indicator Low Most Likely High
NPV (Discounted) 3.2 4.44 5.73
EIRR 14.8 16.3 17.7

Table E1.5

Comparison of NPV (millions) and EIRR by Capital Cost Scenario

Economic Indicator Low Most Likely High
NPV (Discounted) 6.7 4.44 217
EIRR 22.0 16.3 12.6

In the above tables, the ‘Most Likely’ scenario corresponds with the Base Alternative
Scenario.

With the exception of the low initial AADT scenario, all scenarios have confirmed the viability
of the project in terms of a) positive NPV, and b) an EIRR greater than the test discount rate
of 10%. However, even the low initial AADT scenario was marginal, thus confirming that the
viability of the project is relatively robust.
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1.8 Comparison with Analysis by Section

As a more general comment, whilst the NPV is positive in all Alternatives in the above case
study, the relatively low NPV/C and EIRR suggest certain aspects of the overall project are
marginal. This has been investigated further using the Analysis by Section method of
analysis, (see Project 1c. Upgrading a gravel road (by section) in the Projects folder).

Results from this analysis are shown in Table E1.6. These results confirm that each section
is viable to a greater or lesser degree, with the section with the lowest AADT of 250 being the
non-viable for all of the the alternatives investigated, and that with the highest AADT of 750
being the most viable. Such analysis confirms the concept of ‘Breakeven Traffic Volume’
associated with improvement standards.

Table E1.6
Comparison of NPV from Analysis by Section and Analysis by Project
Net Present Value (millions)
Section AADT Upgrade Upgrade Upgrade Upgrade
2006 2008 2010 2012
A-B 500 0.761 1.037* 0.524 0.576
B-C 250 - 0.856 - 0.698 -0.523 - 0.453
C-D 750 3.044 3.129* 1.982 1.862
Total NPV (for All sections) 2.949 3.438* 1.983 1.985

* Most viable timing alternative for each section, and for All sections
B - C is not viable for any of the chosen investment alternatives
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2 CASE STUDY 2 — PAVED ROAD REHABILITATION

2.1 Introduction

The name of this case study is 2. Paved Road Rehabilitation. This case study presents the
economic analysis of alternative rehabilitation standards for two typical study sections
chosen from a representative set of strategic sections for the entire road network. The two
sections represent existing roads which carry 12,500 and 40,000 vehicles per day (AADT)
and exhibit moderate levels of roughness and surface distress. This case study evaluates
several possible future rehabilitation alternatives including a thin overlay to restore surface
smoothness, a structural overlay and full pavement reconstruction.

The objective of the case study is to present the definition of section alternatives appropriate
to this type of analysis and demonstrate the HDM-4 deterioration model for paved roads.
The definition and timing of the Maintenance Standards are discussed, and the results are
examined.

The case study is located in the Projects folder in the Workspace. Double-click on the
Project case study 2. Paved Road Rehabilitation to open the case study.

2.2 Define Project Details

In the Define Project Details screen, the following tab pages may be displayed:
= General
= Study Sections

2.2.1 General

The information displayed in the General screen includes the study description, analysis
type, analysis period, the pre-defined Road Network and Vehicle Fleet, and the currency to
be used for the analysis.

#ik HDM-4 - [Project: 2. Paved Road Rehabilitation]

L Workspace View Report/Chart Window Help =& =
Define General | Stucy Sections |
Project
Details
Description: [Project 2. Paved Road Rehabiltation
g Specy
Attematives
Analyse
B o
Analyseby: & Section (" Project
[ VokiCitena
Analysis Start year: (2006 Analysis period: {15 years
I rate
@ Repors Road Network: [Foute 1 |
Vehicle Fleet: [National Fleet
G
Flest: Malaysian Ringgt < [1 = output curency
Werks: US Doliar < i = output curency
Network: Malaysian Ringgt x 1 = output curency
OQuiput: [Malaysian Ringgt |~
3
(= I
i(n Close
Duration of the analysis period
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This case study is presented as an Analysis by Section example. The analysis period is
defined by the start year 2006 and a duration of 15 years (i.e. 2006 - 2025). The section to
be analysed is in the Road Network entitled Route 1, to which the National Fleet has been
previously assigned as the Vehicle Fleet. The currency being used for this analysis is the
Malaysian Ringgit.

2.2.2 Study Sections

The road sections selected for analysis are VH-Fair-2 and M-Fair-2.

u2# HDM-4 - [Project: 2. Paved Road Rehabilitation] HE E3
e View ReportfChart Window Help e
Generdl StudySectmnsI
Include in I Seclion Summary I -
Traffc Growth =
Study | Analpsis | D | Desciintion Class | Pavemen | e
I ¥ VHFarz  VH Traffo, Fai, Zlane Primary or Trurk | Bitumnous _ Project 2
7 ¥ MFair2 M Traffic, IAI-3.0, Fair, 2dane | Prima or Trunk | Bituminous _ Praiect 2
< [+
= Sections
8 = Assign Growth Set...| Select by Crtera... | View/Edt Section...| View/Edt Feat Notwolke 22
Copy Growth et | Unselect Al | View/Ecit Netwark... il z
ﬂ Close Faste Growth Szt |~ Show unselected
—d sections

[Sections selected for analysis

By double-clicking on the section gives access to the section details. However, the Traffic
Growth details can only be seen and edited through the Vehicle Fleets folder. To access
the Traffic Growth Sets that have been previously created, the user needs to open the
appropriate vehicle fleet (in this case National Fleet) in the Vehicle Fleet folder and click on
the Edit Traffic Growth Sets button which then displays all the previously created sets.
Double-clicking on the appropriate set (in this case Project 2) displays the details of the
traffic changes over the analysis period.
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The traffic growth rates for the motorised traffic in this case study indicate that the motorised
traffic is expected to grow by 3.5% per year. Non-motorised traffic is not used in this case

study.

Section details are described below, concentrating on section VH-Fair-2.

= Definition

The speed-flow type and the traffic flow pattern of the existing road is illustrated in this
screen. The carriageway width is 7m, with two directional traffic flow. The pavement type is
an asphalt mix on an asphalt pavement, and this pavement type will be retained except in the

Traffic Growth Set: Project 2 [ x]

Name: IPrDjed 2

Description: IPaved Road Rehabilitation

Motorised Growth Periods

Annual % *| Add Mew Period...
Yehicle inciease —
from pear 1 Edit Period...
Matarcycles | 380
otor Car 3560 Delete Period |
2-arle Truck 360
3-arle Heawy Truck 3.50 Mete: years are
Bus 350 defined relative to
: the start year of the
ﬁ+.‘|a".‘le il g:g —1 analysis in which
tilities wan ~| the traffic growth
4| | »[ ] setisused.
Corce_|

case where full reconstruction takes place.

Section: VH Traffic, Fair, 2-lane

Definition |Geomeiry| Pavement I Condition I Other I Motorised Traffic I Asset Valuation I

Link Name:

Link 10:

Length:

Cway Width:
Shoulder Width:

Flow Direction: ITwowa‘f - l

Speed How Type: ITwo Lane Road

Traffic Flow Pattem: |Free-Flow

Accidert Class: IT\!\'D Lane Road

Surface Class: IB'rtuminous ‘l

Climate Zone: ITropicaI Hurmid

Boad Class: IPrimar)‘r or Trunk

Ll LefLefLef el

Calibration Set: |Nationa|

Calibration ltem: | High traffic

Selected Calibration ftem Summary

Pavement type: Iﬁsphalt Mix on Asphalt Pavement

L

Surface materal: Iﬂsphaltic Concrete

o1

Cancel |

[Name of section

The Calibration Set assigned to the section is the National set. Two Calibration Iltems are
used in this case study; High Traffic (used for VH-Fair-2) and Low Traffic (used for M-Fair-2).
These alter the performance characteristics of the network, and include differences related
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to the calibration of the cracking and roughness models, and structural rutting. Details may

be viewed from within the Configuration folder, as illustrated with the National calibration set
below.

£ RD Calibration Set : Hational

HE] E3

Name: [Natianal

Bituminous | Concrete | Unsealed

Modelibrary (DLL): [HDN-4 Defaut DLL =] ) Browss

RO Celirstion ke | CDS DB CRT RAF | kel | Kepa | Ko | Keow | Keit Kot ki ko Kpic Kei Kep Keb i
High tsffic 10 000 000 100 130 7 100 100 00 00 400 125 100 100 100 100 100
Lo hsffic 100 o o 10 100 100 100 100 100 100 400 025 100 100 100 100 100
4 »
8 Newtem | B Copyten | 4 Delets tem
cos

=  Geometry
Typical geometry characteristics have been employed based on network-wide averages.

Section: VH Traffic, Fair, 2-lane B

Definition ~ Geometry | Pavement I Condition I Other I Motorised Traffic I Assat Valuation I

Rise + Fal: [25 ek Speed Reduction Factors—————————————————————
Mo. of rises +falls: |2 no./km HNMT: 1 0.4 <= ¥NMT <=1
Superelevation: |2.5 % Rioad side friction: 1— 04 <=XFRl <=1
Awg honiz curvature: |40 deg/km XMT: 'I— 0.4 2= XMT <=1
adral: |01 ms?
Speed limit: [0 kmh
Speed limit erforcemert: |1.1

Altitude:

-

m

ros_|

|Average number of rises and falls (per km)

= Pavement

The pavement type has been defined as asphalt mix on asphalt pavement (AMAP) and was
last reconstructed in 1996, with a rehabilitation applied in 2001 as entered under Previous
works. The structural number, SN, of the pavement layers above the subgrade is 4.7, with a

Applications Guide
HDM-4 Version 2.0 E1-22



Part E Project Analysis Case Studies

subgrade of 7.6% CBR, giving a SNP value of 5.7. For the pavement reconstruction
alternative assigned to this case study, a similar SN value has been assigned.

Section: VH Traffic, Fair, 2-lane

Diefinition I Geometry Pavement |Cor|d'rtion I Other I Motorised Traffic I Asset Valuation I

Surfacing — Strength
P Iﬁsphah e Calculated Dry season model parameters

SNP: |5.?D DEF: |ﬂ.-m
Material type: Iﬂsphahic Concrete (]
[11 4% Structural Number: |4.?

Subgrade CER: |7.6 %

Most recent sufacing thickness: |40 mm

Previous/old sufacing thickness: |160 mm
¥ Dry Season  Wet Season

Previous works (HDM-4 Work Types) 1 Caleulated SNP:  Calculstz SHP.. |
Last reconstruction or new construction: | 1996 year — Fioad base {for stabilised base only)
Last rehabilitation {overay): IW year Base thickness: I— mm
Last resurfacing fresealing): [2001  year Biesilient modulus: |_ GPa

Last preventative treatment:  |2001 year

OK I Cancel

|The thickness of the most recent surfacing (in mm)

= Condition

The condition of the road section at the end of 2005 is specified, with the analysis
commencing in 2006. At a roughness of 3.4 IRI, it is possible that an intervention could be
justified given the level of traffic applied to each section. Cracking has also initiated, and
therefore can be expected to progress if left untreated.

Definition I Geometryl Pavemert Condition |Other I Motorised Traffic I Asset Valuation I
Condition at end of year 2005
Roughness (IR - mdkm 3.40
All Structural Cracks [%] 2.80
‘wide Stuctural Cracks [ 0.00
Themal Cracks [% 0.oo
Favelled area [% 0.oo
Murnber of Potholes Mo, Akm 0.oo
Edge break area [rédkm 0.oo
Mean rut depth [mm 5.60
But depth standard deviation [mmm] | .70
Texture depth [mm 0.70
Skid resistance [SCRIM S0km/h 050
Drainage Excellent =

0K I Cancel

[vearly condition data
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= Other
For this case, this screen provides the possibility of selecting or specifying a number of
relevant parameters, whose significance is as follows:

= Drainage - enables the selection of drain type, including ‘No change in drainage effects’

= Relative compaction - affects the initial densification component of pavement rutting,
and the structural component of rut progression

= Previous surface condition - in practice affects the effectiveness of particularly thin
layers, through relection cracking

Definition I Geomeiryl Pavement I Condition  Cther | Motorised Traffic I Asset Valuation I

£ —C ion (Bituminous only)
Humber af lanes: IZ Relative compaction: |5'5 %
— Shoulders {Concrete only) — Previous surface condition (Bituminous only)
SormaE e Area of all structural cracking: ID 0
“width af widening: l— m Area of wide cracking: ID %

Transverse themal cracks: ID no/km
 Drainage
Drain type:  [No change in drainage effect j ELANES: I2
0K I Cancel

|Model seperate lanes for non-motorised traffic

= Motorised Traffic
The AADT of 40000 in 2005 has been distributed between the various vehicle types in
the selected Vehicle Fleet. If certain vehicle types do not operate on the selected road
section, then a value of zero should be assigned for those particular types. The National
vehicle fleet has no NMT vehicles.
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Section: VH Traffic, Fair, 2-lane B

Definition I Geometryl Pavement I Condition I Other  Motorised Traffic |.ﬂsse( Valuation I

ehicle Fleet used for this section/network: |Nationa\ Fleet

Survey vear: | 2005
2-axle Truck, 4000.00
3-axle Heawvy Truck 1400.00
A+arle Aitic 1000.00
Bus 500.00
Maotar Car 18000.00
Motorcpcles 10800.00
Utiliies van 4000.00

Total 440T: | 40000.00

Edit Year... |

oK I Cancel

[Matorised Traffic

= Asset Valuation

Asset valuation is not considered in this case study.

2.3 Specify Alternatives

The four alternatives considered in this case study are described in Table E2.7.
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Table E2.7
Maintenance Alternatives
Alternative Works Items Criteria
Edge Repair Edge break > 1 m?/km
B;se Pothole Patching Potholes > 1 no./km
Alternative Patching Wide Cracks Wide Cracks > 5%
Pavement Reconstruction — 150mm asphalt IRI> 10
Edge Repair Edge break > 1 m?/km
5 Pothole Patching Potholes > 1 no./km
GATO03 Patching Wide Cracks Wide Cracks > 5%
40mm Overlay S/I;wilrEL:nsinterval 5 years
Edge Repair Edge break > 1 m?/km
3 Pothole Patching Potholes > 1 no./km
GASO4-5 Patching Wide Cracks Wide Cracks > 5%
80mm Overlay :/iﬁwi:nlfr:n?ésrval 7 years
Edge Repair Edge break > 1 m?/km
4 Pothole Patching Potholes > 1 no./km
GAFR6 Patching Wide Cracks Wide Cracks > 5%
Pavement Reconstruction — 150mm asphalt IRI > 6

Alternative 1 is the Base Alternative. It comprises routine maintenance which includes edge
repairs, pothole patching and patching of areas affected by wide cracks.
reconstruction is applied if the roughness level reaches 10 IRIl. A high standard of routine
maintenance is specified because of the traffic level and road importance. The three other
alternatives include the same routine maintenance, with different periodic maintenance

items.

The four alternatives are assigned to the two road sections as shown in the Specify

Alternatives screen below.
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ET

unv HDM-4 - [Project: 2. Paved Road Rehabilitation] MEE
[ workspace View Report{Chart Window Help
Define Arsmatives |
~I Project
Details - Navigation Detail
5B Analysis by Section
=55 M Traffic, IRI-3.0, Fair, ZHane | e ‘ Seclon | Number [ 2]
T Base Atemative [B) Alternatives
e © "7 [¥] 2008 : Project 2 Do Mini ||| [FLTiaffe TRTE 0 Far 21ane ] WFairz 4
W ojects i GAFRS H Traflic, Far, 2-1ane YH-Fair2 4
-[¥] 2006 : Project 2- Full Rec
Mut Criteria B GASO45
B iy B

Generate
Reports

+
B Save

ﬂ Close

-[¥] 2006 : Project 2 - Structur
GATO2
[¥] 2006 : Project 2 - Thin O
VH Treffic, Fair, 24ane
£ i Base Atemative
[¥] 2006 : Project 2- Do Mini
- 5] GAFR6
i -[¥] 2006 : Project 2 - Ful Rec
[ GASO45

-[¥] 2006 : Project 2 - Structur
E- g GATO3
[¥] 2006 : Project 2 - Thin O

Copy Section's Atematives| Paste Section’s Atematives Details

Project description

The Alternatives tab provides the means of showing the Works Standards associated with
each section alternative. For the selected alternative, the Works Standards assigned to a
different section can be reviewed by selecting that section as shown below. In this example,
only Maintenance Standards are assigned.

#ok HDM-4 - [Project: 2. Paved Road Rehabilitation]
Ef Workspace View Report/Chart Window Help

51
=18l

Define
Project
Details

Analyse
Projects

Muti Crteria
Analysis

Generate

o

L3
B Save

iﬂ Closs

Atematives |

~Navigation

=[5 Analysis by Section
-5 M Traffic, IRI-3.0, Fair, 24ane
- [i Base Atemative
i ~[¥] 2006 : Project 2- Do Mini
= BE%8
i --[¥] 2006 : Project 2- Ful Rec
- GAS045
i [¥] 2006 : Project 2 - Structur
£ GATO3
- [¥] 2006 : Project 2- Thin Oy
E-E5 VH Traffc. Fair, 24ane
-5 Base Atemative
[¥] 2006 : Project 2- Do Mini
i GaFRs
i L-[¥] 2006 : Project 2- Ful Ret
[if Gasoss
[ 2006 : Project 2 - Structui
Bl GaTO3
*-[¥] 2006 : Project 2- Thin O

Analysis by Section > M Traffic, IRI-3.0, Fair, 24ane > GAFRE

Maintenance Standards

MName l} Code Year
| [Project 2 Full Reconstiustion @ B IRT GAFRE 2006
Add new maintenance assianment..
. br]
Improvement Standards k=l
e Social and
Name Year Ve Sfd Generated Traffic Exngeneous
= Bensfits & Costs
Add new ¢ assignment..

4]

=

Copy Assignmenis...| Faste Assignments...|  Remove Improvement

Remove Mairtenance

Project description
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2.4 Analyse Projects

2.4.1 Setup Run

The options selected in the Setup Run screen are Conduct Economic Analysis using a
discount rate of 12%. The additional models for accidents, energy balance, emissions,
acceleration effects and asset valuation are not included in this analysis.

== HDHM-4 - [Fropect: & Faved Road Rehabilitaton]

& Worigpecs Yew  BeportiChert Wndow  bielp =18 %

Delra Setue | Sermtrvity | Fum Anaivms |
- Project |
- ¥ Conduct Econome Anshves el Inciumn
B S| | bt ]| [ omes
= Decoorege: [ % I” Exyaora
* ;«m; I Agewlerstion effnct:
ian [ ke Aecidert Coms o
o ekiCaea 7
A ™ Wrie Log e
}{7 Conemie [ Flun Dlota Expoet Dokl
o Ragots [— [— ¥ Exchude srrusl yetece data
[ Exchude velucls paod data
HAaset vokuabon
™ Pt o vt paset vniionen
Fun Dita Exgon Drectony
PG HOR4 Cate Studes' Eng FuriDinte [ Bropee. |
&
B Sgee
-

Brewne for the nm da s deecion

2.4.2 Run Analysis

This starts the analysis and produces the output necessary for report generation.

2.5 Multi Criteria Analysis

Multi criteria analysis has not been used in this case study.

2.6 Generate Reports

The output reports from the analysis can be found by clicking Generate Reports. The
following selection of reports are recommended for this case study and comments are made
on the outcome of the case study.

= Traffic
The AADT for Section Alternative (Graph) report allows the user to view the growth in AADT
for each section. Traffic volume is inextricably linked with project viability and therefore

correct data and trends are critical. Inspection of this report will confirm that trends are
consistent for both sections.

= Deterioration / Works Effects

The Average Roughness by Section (Graph) report is useful for verifying trends in
roughness, and to confirm that the resetting of roughness after works. These are revealed to
be consistent with the specification of the works standards as shown by the graph below.
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The deterioration trends are also consistent for each section-alternative, suggesting that the
routine works are being triggered in a similar manner.

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

SudijName 2. Paved Road Rehabilitation
e 23-11-2005

EHWAY DEVELOPMENT & MANAGEMENT

Section: M Traflic, IR-3.0, Falr, 2-tane
Sensitivity: M0 SensENEy Analysts Conduced

ary or Truk Lenger: 1.0%m
Curvature: 40 00cdegkm

8.0

E

6.0

- GAFRG

O GAS04-5
O-caT03

- Base Alternative I

\
.

Average Roughness (m/km)

2015 HH

i,

3.0

20

2007 |0
2008 o0
2008 |—o-—0
2010 —GH—0}
2011 |—=

2012 |—n

2016 |-OHE

2018
2019
2020

2017 oo

2013 [ HE
2014 HF

2006

Year

HDM-4 Version 2.0 Page 1 of 2

The Pavement Condition (Bituminous Pavement) report lists in tabular form the individual
distresses and other parameters, such as AADT, traffic loading (YE4) and pavement strength
(SNP). Trends can be examined for each section-alternative

The Road Works Summary (by Section) report is useful for checking treatments are
triggered, and quantities and costs are calculated correctly. In this case study, the 40 mm
overlay specified in Alternative 2 (see Table E2.7) is triggered in Year 1, which is consistent
with the intervention level being exceeded.

Applications Guide
HDM-4 Version 2.0 E1-29



Part E Project Analysis Case Studies

HDM -4 RoadWorks Summary (by Section)
Section: M Traffic, IRI-3.0, Fair, 2-lane
Alternative: GATO3
Sensitivity: Mo Sensitivity Analysis Conducted
Surface Class: Bituminous Road Class: Primary or Trunk
Length: 1.00km Width: 7.00m
Year Description Code Economic Financial Work
Cost Cost Quantity
2006 40 mm Cverlay @ 3 IRI Qv403 77,700.0 85.400.0 7,000.00s0.m
Prep. Edge Repair T48.6 8284 2573sq.m
2007 Routine edge ROEDGE 452.8 5811 4273s0.m
2008 Routine edge ROEDGE 517.5 522.8 4579 50.m
2008 Routine edge ROEDGE 555.9 6E9.1 4920 59.m
2010 Routine edge ROEDGE 597.3 718.9 52.86sq9.m
201 Routine edge ROEDGE G41.9 7725 56.80s0.m
2012 40 mm Overlay @ 3 IRI av403 77,700.0 85.400.0 7,000.00 sq.m
Prep. Edge Repair 1,776.5 19658 61.05sq.m
2013 Routine edge ROEDGE T41.6 8925 65.6359.m
2014 Routine edge ROEDGE 795.5 957.4 70.4050.m
2015 Routine edge ROEDGE 8551 10292 75.68s0.m
2016 Routine edge ROEDGE 919.4 1,106.6 81.37sq.m
2017 Routine edge ROEDGE 988.8 1,190.0 87.50s9.m
2018 40 mm Qverlay @ 3 IRI Qv403 77,700.0 85,400.0 7,000.00s0.m
Prep. Edge Repair 27387 30304 94.11s0.m
2018 Routine edge ROEDGE 1,144.1 137689 101.25sq.m
2020 Routine edge ROEDGE 1,228.4 14784 108.7159. m
Total cost for the section: 2478320 27341949

= Cost Streams and Economic Evaluation
This folder contains the results of the economic analysis. The Economic Analysis Summary
report indicates that:

= The thin overlay solution produces the maximum Net Present Value (NPV) for each
section, this being indicative of the most viable section-alternative. In this case it
confirms that early intervention is beneficial.

= The NPV/CAP indicator identifies the structural overlay as being the best solution, and is
applicable in circumstances where ranking (or prioritisation) under budget constraint is
appropriate. Whilst this is not appropriate in this case, it is an interesting finding.

= An Economic Internal Rate of Return (EIRR) greater than the specified discount rate is
also indicative of project viability. For this case the maximum EIRR coincides with the
most viable section-alternative. The values are extremely high, again confirming the
benefits of selecting a thin overlay.
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HDM -4

f DEVELOPMENT & MANAGEM

Economic Indicators Summary

Sy Mame 2. Paved Road Rehabilitation
D= 11-07-2006
Curmenzt Malaysian Ringgit (millions)
Dlzcount Rate 12.00%

Section: M Traflic, R340, Falr, 2-lane
Sensitivity Mo Sensiniy Analysls Conducted

Aitie ratus Prasent vales | Pressnt value of Inere ase In Drorsassin | HstExopenaus Net Prosent HPWIE o 5t WPWCost | Internsl Rate
of Total Agensy Capkal Agensy Costs User Costs Senstlis Valve Ratl Ratla of Redurn
Agensy Costs Costs (CAR) (5] = (E] | MPW=E +E-C) MPVRAC ) (NEWCAR) RR)
RAT)
ooz 0.000 0000 0.000 0000 0.000 0000 0000 0000
0178 a7 sz ] 0000 0z08 1178 1947 1074 (1)
o1z oos7 oo L 0000 ) S22 TABS 1314 (1)
0143 0137 s 0s00 0000 [LE-71-] sae [CRFE &23 (1)
Sigure in brackets I number of 1SS Soiuions i range <30 to <500
Section:  VH Trame, Far, Hane
Sensitivity Wi Sens iy Analysls Sonducied
Atiernadie Present Valpe | Present valoe of Inere ase In Desrzasein | HeiEropenous Net Preosent HPWIE o st WPWCost | Internal Rate
of Totsl Ageney Capkal Agensy Costs User Costs Ssnatlis Valve Rati Ratla of Redurn
Ageney Costs Cosis (CAF) ic () (E) MFW=E +E-C) MPVIRAS ) NPWICAR) (L]
RATY
Qe 0000 0000 0000 0.000 0000 0.000 0.000 0000
QT 0ms g 085 0.000 Q573 330 S974 3879 (1}
1T e g 2530 0.000 2435 13858 ot} 2676 {1}
e 0142 0140 3332 0.000 319 14394 222 2034 {1}

Flgure In brackets Is mum ber of IRR solutions i range -20 % +900
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3 CASE STUDY 3 — CAPACITY IMPROVEMENTS

3.1 Introduction

This case study presents the economic analysis of widening a paved road. The existing road
is 7m wide, with an AADT of 15,000 in 2005. In addition, the non-motorised transport (NMT)
was 400 in 2005, comprising pedestrians, animal carts, and bicycles. Three widening
alternatives are considered, widening by 1m, widening by 3m, and adding two extra lanes.
The analysis assumes that routine maintenance is undertaken on a condition responsive
basis for all alternatives.

The objective of this case study is to demonstrate the congestion analysis of HDM-4, with
particular reference to specification of the input data and examination of the results.

This case study is located in the Projects folder in the Workspace. Double-click on the
Project case study 3a. Capacity Improvements — without sensitivity analysis to open the
case study. A second case study, 3b. Capacity Improvements — with sensitivity analysis
exists in the same folder, which is based on the same overall project, and is discussed later
in this section.

3.2 Define Project Details

In the Define Project Details screen, the following tab pages may be displayed:
= General
= Study Sections

3.2.1 General

The information displayed in the General screen includes the study description, analysis
type, analysis period, the pre-defined Road Network and Vehicle Fleet, and the currency to
be used for the analysis.

42k HDM-4 - [Project: 3a. Capacity improvements - without sensitivity analysis]

[ Workspace View Report/Chart Window Help =& x|
Define General | Study Sections |
Project
Detais
Description:
o Sossiy =
Atematives
Analyss
B Prect
Analyseby: © Section ' Project
g Vi Crere
Analysis Start year: [2006 Pnalysis period: [20 years
F ey Generats
@ Repotts. Road Netwrk: [Northen Province K|
Vehicle Fleet: [Northem Province Vehicles
—
Flest: US Dolar = 1 = output currency
Works: US Dolar = [1 = output currency
Network: US Dolar x [1 = output cumency
Quiput: [US Dolar -

L3
B Save
5 o

[For Help. press F1
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This case study is presented as an Analysis by Project example. The analysis period is
defined by the start year 2006 and a duration of 20 years (i.e. 2006 - 2025). The section to
be analysed is in the Road Network entitled Northern Province, to which the Northern
Province Vehicles have been previously assigned as the Vehicle Fleet. The currency being
used for this analysis is US dollars.

3.2.2 Study Sections

The only road section selected for analysis is the Capital City to Port section.

s5k HDM-4 - [Project: 3a. Capacity improvements - without sensitivity analysis]

24 workspace View Report/Chart Window Help =15 x|
Define Tr 5tudy5ectians|
ﬂ Project
Detalls
Includein.. | Section Summany [ — ]
g Soecfy Study | Analsis | D |  Descrpion | Class | Pavement |
Arematives v W AD0301_ [Capital City to Port JPrimaty or Trunk Bituminous | Projsct 3
Analyse
% Projects
Mok Cteria
B e
/7y Generate
Reports
4 [»[]
" Sections
g = Assign Growih Set...| Select by Crteria... | View/Edt Secton...|  View/Et Pest. Hewerk &
Copy Growth Set | Lneslect Al | View/Edt Network.. Sitdy 1
ﬂ Close Pacte Groth Set. |~ Show unselected
sections

[Sections selected for analusiz

By double-clicking on the section gives access to the section details. However, the Traffic
Growth details can only be seen and edited through the Vehicle Fleets folder. To access
the Traffic Growth Sets that have been previously created, the user needs to open the
appropriate vehicle fleet (in this case Northern Province Vehicles) in the Vehicle Fleet folder
and click on the Edit Traffic Growth Sets button which then displays all the previously created

sets. Double-clicking on the appropriate set (in this case Project 3) displays the details of the
traffic changes over the analysis period.

The traffic growth rates for both the motorised and non motorised traffic in this case study are
displayed below.
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Traffic Growth Sek: Project 3 BE Traffic Growth Sek: Project 3 B
Name: |P|'SJEC’. 3 Name: |F'l3]ctt3
Diescripgion: [C:pamy rprovernants Description: (Capacity Impeovements
Moleeised Grawth Pedods | Non-Motorised Groweh Pericds Motorised Growth Pesiogs  Mon-Molorized Grawth Pedods
Brewal % =] Add New Pesiod.. Arruadl % | 4| Add Mew Pesiod..
Vehicke incieaze _— Vehicle nereae —_—
from veai 1 Edi Pedad, from pear1 | Ecit Period,
Medun Bus 3,00 Arema cats I 200
Eabe Tk, 300/ Dielete Petind Bleyeles 300 Diedete Padod
Heawvy Trusk 3,00 Pessan 5.00|
Wedien Tiuek 3.00] Moie: years are Moba: year ame
Light Tewck 3.00 —  defined refatve to defned relative fo
Ligh! Gioods Vehick 4.00| E:a;:g im;‘-hh mimgh the
Medum Car 4.00| =| the irfic growih > thetrffic growth
4 [ #[] setisused 4 [ #[] setisused
= o

The section details that have particular relevance to this case study are described below.

= Definition

The speed flow type of the existing road is specified as Two Lane Road. The existing
carriageway width is 7 m, with two directional traffic flow. The speed flow type defines the
capacity of the existing road. In this case study, the capacity of the road will be increased as
a result of Improvement works. The capacity of the road after improvement is defined by the
speed flow type specified within the Improvement Standard.

Section: Capital Gity to Port

Defirition | Geometryl Pavement | Condition I Other I Motorised Traffic I Mon-motorised Traffic I Asset Valuation |

ILEL I Capital City to Port Speed Fow Type: ITwo Lane Road j
ID: IADDB—D1 Traffic Flow Pattem: | Commuter 4
Link Mame: IIJnk Sea Port Accident Class: IT\-\-D Lane Road j
Link 1D: ITL—'ID Climate Zone: ISubtropicaI—Hot Sub-Humid j
Length: |10 km Road Class: IPl'in'lElr:.r or Trunk j
Cway Width: |7 m

Shoulder Width: i m Calibration Set: |Northen Pravince

Flow Direction: lm Calibration tem: IG’WtD Port j

Surface Class: IE'rtuminous 'l Selected Calibration tem Summany ————

Pavement type: I.ﬁsphah Mi¢ on Granular Base
Surface material: I.F\sphahic Concrete

0K I Cancel

[Name of section

=  Geometry

As there are NMT’s on the existing road, speed reduction factors have been assigned for the
non motorised traffic as well as for the motorised traffic.
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Definition  Geometry | Pavement I Condition I Other I Motorised Traffic I Non-motorised Traffic I Asset Valuation I
Rise = Fall: oo Speed Reduction Factors
No. of rises +falls: IZ— no./km KNMT: (0.7 0.4 <= X¥NMT <=1
Superelevation: |3— % Foad side friction: [17 D4 <=XFRI<=1
Awg horiz curvature: |5D— deg/km HMT: F 04 <=XMT <=1
adral: D‘I— m/s?

Speedlimit: [100 | km/h

Speed limit erforcement: |1.1

Altitude: |1 m

oK I Cancel

|Average road rise plus fall {in mfkm)

= Pavement

The pavement type has been defined as asphalt mix on granular base (AMGB) and was
originally constructed in 1995. The Previous works indicates that the pavement type is
unchanged as no periodic maintenance (i.e. overlay, surface dressings, etc) has been
carried out to date.

The structural number, SN, of the pavement layers above the subgarde is 3.3, with a
subgrade of 8% CBR, giving a SNP value of 4.35. For the improvement works assigned to
this case study, a value of 3,3 has been specified for the structural number, SN.

Section: Capital Gity to Port [ %]

Definition | Geometry Pavemert |Cond'mon | Other | Motorised Traffic | MNon-motorised Traffic | Asset Valuation |

Surfacing r— Strength
Pavement type: Iﬂsphalt Mix on Granular Base Calculated Dry season model parameters

SNP: |4-35 DEF: |0.62
Mzterial type Iﬂsphaltic Concrete I mm

114+ Stuctural Number: |3.3
Subgrade CBR: |s— %

& Dry Season ( Wet Season
Pravious works (HOM-4 Work Types) [2] " Caleulated SNP:  Calnulate SHE |

Most recent surfacing thickness:  [100 mm

Previous/old sufacing thickness: |0 mm

Last reconstruction or new construction: 1995 year r~ Road base ffor stabilised base only)
Last rehabilitation {overay): |1555 year Base thickness: I mm
Last resurfacing fresealing): |1995 year Besilient modulus; I GPa

Last preventative treatment: 1955 year

0K I Cancel

IThe total thickness of previous, underlying surface layers

= Condition
The condition of the road section at the end of 2005 is specified, with the analysis
commencing in 2006.
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Section: Capital City to Port (%]

Deﬁn'monl Geometryl Pavement Condition |Other | Motorised Traffic | MNon-motorised Traffic | Asset \u’aluat\onl

Condition at end of year 2005
Boughness (IR - mkm E.00
All Structural Cracks [%] 10.00
“wide Structural Cracks [%] 5.20
Thermal Cracks [% 0.00
Raveled area [% 12.00
Mumber of Potholes [Mo. Ao 0.00
Edge break area [mé/km 10.00
tean rut depth [mm 10.00
Fiut depth standard deviation [mm]] 200
Texture depth [mm 0.50
Skid resistance [SCRIM S0kmdh 0.40
Drainage Good =

oK I Cancel

[vearly condition data

= Other
The number of lanes (ELANES) is specified as 2 for the existing road. The ELANES of the
road after improvement is defined within the Improvement Standard.

Section: Capital ity to Port [ x|

Definition I Geometryl Pavemert I Condition  Other | Motarised Traffic I MNon-matorised Traffic I Asset Valuation I

r— Compaction {Bituminous only}

Humber of lanes: |0 Relative compaction: IE'!? g

— Shoulders (Concrete only) r Previous suface condition (Bituminous only)

Shouldertype:  [MNon-conerete Area of all structural cracking: ID %
ity o widening: [0 m Area of wide cracking: |D %
Transverse thermal cracks: ID noskm

~ Drainage

Draintype: |Mo change in drainage sffect j ELANES: IZ

oK I Cancel

[Model seperate lanes for non-motorised traffic

= Motorised Traffic

The AADT of 1500 in 2005 has been classified between the various vehicle types in the
selected Vehicle Fleet. If certain vehicle types do not operate on the selected road section,
then a value of zero should be assigned for those particular types (4WD and Mini bus in this
case study).
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Section: Capital City to Port (%]

Definition | Geemetry | Pavement | Conditon | Other ~ Motorised Traffic | Non-motorised Traffic | Asset Valuation |

Wehicle Fleet used for this section/network |Northem Province Vehicles

Survey Year: | 2005 Edit Year... |
4D 0.00
Atic Truck 375.00
Heawy truck 1125.00
Light Goods Wehicle 300000
Light Truck 750.00
M edium Bus 7h0.00
M ediumn Car 7500.00
Medium Truck 1500.00
Mini-bus 0.00

Total 2AD7T: | 15000.00

oK I Cancel

Motorised Traffic

= Non Motorised Traffic

Similarly the NMT of 400 have been classified between the NMT types created in the
selected Vehicle Fleet.

Section: Capital ity to Port [ x|

Definition I Geometryl Pavemert I Condition I Other I Motorised Traffic  Mon-motorised Traffic |Asset Valuation I

Wehicle Fleet used for this section/network: |Northem Province Vehicles

Survey Vear || 2005 Edit Year... |
Anirnal carts 40.00

Bicycles 160.00
Perzon 200.00

| Total 2ADT: 400.00

oK I Cancel

Mon-motorised Traffic

= Asset Valuation
Asset valuation is not considered in this case study.

3.3 Specify Alternatives

The four alternatives considered in this case study are described in Table E3.1.
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Table E3.1
Project Alternatives

Alternative Description

This is the base alternative. Routine maintenance (crack sealing and pothole
1 patching) is undertaken each year, as necessary, based on the pavement
condition. In addition, a 50 mm overlay is applied when the roughness level
reaches 6 IRI.

With this alternative, the existing road is widened by 1 m during the first 2 years
2 of the analysis period (i.e. in 2006-07). The maintenance regime of Alternative 1
(Routine + 50 mm overlay), which is condition responsive, is effective from year
3 (i.e. from 2008).

With this alternative, the existing road is widened by 3 m during the first 2 years
3 of the analysis period (i.e. in 2006-07). The condition responsive maintenance
regime of Alternative 1 is effective from year 3 (i.e. from 2008).

With this alternative, the existing road is widened by adding two lanes during the
4 first 3 years of the analysis period (i.e. in 2006-08). The condition responsive
maintenance regime of Alternative 1 is effective from year 4 (i.e. from 2009).

The Maintenance Standard (Routine + 50 mm overlay) comprises the following works items:
Crack sealing if area of wide structural cracking = 10% of carriageway area
Patching potholes if no. of potholes = 10 / km
50 mm overlay if roughness > 6 IR

Each widening alternative includes this Maintenance Standard providing condition
responsive routine pavement works and condition responsive overlay, effective from the year
following completion of the widening works. This Maintenance Standard has been defined
as the base alternative.

Each widening alternative is scheduled to start in year 1 of the analysis period (year 2006),
with a construction period of two or three years A summary of the costs and widths of the
widening alternatives is given in Table 2, together with the existing road.

Table E3.2
Summary of Widening Alternatives
Duration | Economic cost After Widening
Alternative | Widening | of works of widening Carriageway Speed-flow
(vears) (US$/km) width (m) relationship
1 None - - (7) (Two lane road)
2 +1m 2 32,000 8 Two lane road
3 +3m 2 102,000 10 Wide two lane
4 +2 lanes 3 238,000 14 Four lane road

The speed-flow type determines the capacity of the road section. The base alternative
(Alternative 1) has been assigned the speed-flow type for a two-lane road. The same speed-
flow type has been assigned to Alternative 2. For Alternatives 3 and 4, the capacity of the
widened road section will be increased and therefore revised speed-flow types have
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been specified under the respective Improvement Standards.
speeds for the four alternatives are given in Table E3.3.

The capacities and jam

Table E3.3
Capacities of the Alternatives
Alternative Speed Flow Fézgailﬁy ggggiil/ glat;i)g];tt?/ Jan;n?/pheed
1&2 Two lane road 140 1260 1400 25
3 Wide two lane 320 1440 1600 30
4 Four lane road 800 1900 2000 40

Note: Capacities are in PCSE / lane / hr

The various widening alternatives have an impact on the speed reduction due to NMT, MT,
and roadside friction. For the existing road section, these data are specified under Geometry
in the section details (see Section 3.2.2). For the widening alternatives, the data are
specified under Geometry within the Improvement Standard. The values assigned for each
alternative are given in Table E3.4.

Table E3.4
Speed Limit and Speed Reduction Factors
_ _ _ Speed limit Speed reduction factors
Alternative Widening km/h NMT MT Rfogdgide
riction
1 None 100 0.7 0.9 0.7
2 +1m 100 0.75 0.9 0.7
3 +3m 100 0.9 1 0.8
4 +2 lanes 120 1 1 1

The alternatives are assigned to the selected road section as shown in the Specify

Alternatives screen below.
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usk HDM-4 - [Project: 3a. Capacity improvements - without sensitivity analysis]

15ix

[ workspace view ReportjChart Window Help

Define Atematives |
Project
Details ig
Analysis by Froject
Speciy = e =
Atematives £ 1: Base case without widening Alleinative Hame New | Diverted | =)
Captal City to Fort Sections | Traffic
Anaiyse ] 2005 : Project 244: Routi || [1: Base case without widenin | & add | « Edi
¢ Projects EHEg 2: Widening by 1m | |21 idening by Tm ¥ Add | x Edi.|
— aptal Gity to Port || 3 Widening by 3m v Add.| x| Edi.|
- Vi Geia ™ B 2005 - Froject 3 -Fartil 1 ||| 4 Lane addtion (2 lanes] x Add.| « Edt
ik *-[¥] 2008 : Project 384: Routi Add new altenatt
B+ 3: Widening by 3m
@ g:;:f;e aptal Oty to Port
Il 2006 : Project 3 - Partial |
-{E] 2008 : Project 384: Routi
£ 4 - Lane addtion (2lanes)
E-3 Captal Ciyto Port
I 2008 : Project 3 - Lane &
+-[¥] 2009 : Project 384: Routi
3
B Save =
ﬂ . £l ||| Add Atemative Copy Altemative..| Paste Atemative. Delete Atemative
lose

[Project description

3.4 Analyse Projects

3.4.1 Setup Run

The options selected in the Setup Run screen are Conduct Economic Analysis using a
discount rate of 10%, with the ‘without widening’ alternative selected as the base alternative.
The additional models for accidents, energy balance, emissions, acceleration effects and
asset valuation are not included in this analysis.

#sk HDM-4 - [Project: 3a. Capacity improvements - without sensitivity analysis]

[ Workspace View Report/Chart Window Help

SET

Define Setup Run | Sensit Run Analysis
B it it |

Details ¥ Conduct Economic Analysis——— ~ Model Inclusion

Specify
B Fiemaives Base altemative: |1 : Base case wihout wideni = I Energy Balance

Discount rate: [10 % ™ Emissions
b I Agseleration sffacts
Projects
1 Inciude Accident Costs——————————

- Log il
Mk Crtera
B sy o ‘ I Wee Log i

Generste Eatsl: [0 Diamage; (0 Fun Data Export Detail

ident catedory cost [in thausands

Regarts
o i T I~ Exclude annual yehicle data

Assat

I Exclude vehicle period data

‘ I™ Perform run with asset valuation ‘

~Run Deta Export Directory-

|D'Greg'HDM-tS'Case Studies\v2.0\Vol 2 Greg\RunData { Browse I ‘

L3
B Save

& o

|Browse for the run data directory
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For this case study (Project 3a), sensitivity analysis has not been selected (see Project 3b
for sensitivity analysis relevant to this case study).

3.4.2 Run Analysis

This starts the analysis and produces the output necessary for report generation.

3.5 Multi Criteria Analysis

Multi criteria analysis has not been used in this case study.

3.6 Generate Reports

The output reports from the analysis are produced and stored in the appropriate folders.

v HDM-4 - [Project: 3a. Capadcity improvements - without sensitivity analysis] J
[ Workspace  View Report/Chart Window Help (-1

Define Select Reports |
- Project
ol Run Dats Dirsctory
=5 [ [:\Greg\HDM-#\Case Studies V2.0l 2 Greg\RunData ‘
— T
=
~ Generate
Priciye =4 Traffic & Fiepont
- Projects +-€7 AADT Details for Section Alternatives (Graph)
— -7} AADT for Project Road SEEthf (Graph) Show report
B WMuki Criteria 47 AADT for Section Alternatives (Graph) ™ management
Analysis €7 MT AADT (by Vehicie) functions

&5 MT Hourly Traffic (by Period)
Generate +- €7 T Traffic Volume and Loading
— L2 NMT AADT (by Vehicle)

-4 T Traffic Volume:
7 Volume,Capacity Ratio by flow period
3 volume,/Capacity Ratios for Traffic Flow Periods (Graph)
(] Deterioration f Works Effects
(L] Road User Effects
-] Envirormental Effects
=424 Cost Streams and Economic Evaluation
£ Comparison of Cost Streams (Discounted)
+-€7 Comparison of Cost Streams (Undiscounted)
£ 47 Economic Analysis Summary
i~ Economic Indicators Summary
£~ Road Agency and User Cost Streams (Discounted)
% Road Agency and User Cost Streams (Undiscounted)
-] Programme & Strategy Analysis
(] Input Data
E-(] Multi Criteria Analysis
(] Asset Valuation

=
I

3
g =

ﬂ Close

[Select areport to display

=  Traffic
Details on the AADT, motorised and non motorised traffic flows for each alternative over the
20-year analysis period are reported in this folder in both graphical and tabular form.

Also reported are the volume/capacity ratios, which are of particular relevance to this case
study. The volume/capacity ratios are reported for 5 time periods for Alternative 1 because
the traffic flow pattern, Commuter, was split into these periods. For the widening alternatives
volume/capacity ratios are reported for only one time period, once construction has been
completed, because the Free Flow traffic pattern was used, which had been defined with one
traffic period. However, during the construction period of the widening (i.e. initial 2 or 3
years), the five time periods of the Commuter traffic flow pattern were applicable.
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HDM-4 Volume/Capacity Ratio by flow period
Section: Capital City to Port
Alternative: 4 Lane addition (2 lanes)
Sensitivity: Mo Sensitivity Analysis Conducted
SectID: A003-04 Road Class: Primary or trunk
Length: 10.00 km Width: 7.00m Rize+Fall: 10.00 mfkm Curvature: 50.00 degfkm
Period 1 Period 2 Period 3 Period 4 Period 5
2006 0.830 0.760 0.640 0.440 0.060
2007 0.860 0.790 0.660 0.460 0.070
2008 0.890 0.820 0.680 0.430 0.070
2009 0.100
2010 0.100
2011 0110
2012 0110
2013 0110
2014 0120
2015 0120
2016 0.130
2017 0.130
2018 0.140
2019 0.140
2020 0.150

= Deterioration / Works Effects

The progression of the various distresses for each alternative over the analysis period are
reported in this folder in both graphical and tabular form. The Average Roughness by
Section (Graph) report illustrates the roughness progression for each alternative. In the
graph shown below, for example, the roughness of the base alternative is reduced at the end
of the first year because the overlay works item has been triggered.

H D M . 4 Average Roughness by Section (Graph)

Study Name: 3a. Capacity improvements - without sensitivity analysis

AW AY DEVELOPMENT & M =01 Run Cate:

- 29-01-2006
Section Capital Clty to Port
Sensitivity: No Sensitivity Anslysis Conguctsd
o AD0301 Foma Cass: Srmary or Trus Lange 1000Cm
Risz+ Fallk 1Q00m&m Wikt 700m Curvaturs: 50.00degkm

-1 Base case without
widening
—l-2 : Widening by 1m
O 3:widening by 3m
04 : Lane addition (2
lanes)

6.0 é‘
5g

ol
tn
n
1
-
=]
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Also reported in this folder are the timing of the works carried out for each alternative during
the 20-year period. In the Road Works Summary (by Section) report shown below, the
overlay being triggered for the base alternative in year 2006 discussed above, is listed.

H D M _ 4 Road Works Summary (by Section)
HIGHW AY DIVELOPMENT & MANAGEMENT Study Name: 3a. Capacity improvements - without sensitivity analysis
Run Date: 11-07-2006
Currency: US Dollar
Note: only sections that have warks triggered are displayed
Section: Capital City to Port
Alternative: 1: Base case without widening
Sensitivity: No Sensitivity Analysis Conducted
Surface Class:  Bitumninous Road Class: Primary or Trunk
Length: 10.00km Width: 7.00m
Year Description Code Economic Financial Work
Cost Cost Quantity
2006 Overlay 50mm at 6 IRI OVL50 1,050,000.0 1,260,000.0 70,000.0039.m
Prep. Edge Repair 9,386.7 11,264.0 67048 sq0.m
2014 Crack Sealing CRKSL 0.0 0.0 0.00sq.m
2015 Crack Sealing CRKSL 0.0 0.0 0.00sg.m
2016 Patching Potholes PATPOT 29965 35958 24971s0.m
Crack Sealing CRKSL 0.0 0.0 0.00 5. m
2017 Patching Potholes PATPOT 14836 1,780.3 12363 s8g.m
Crack Sealing CRKSL 0.0 0.0 0.00 sq. m
2018 Patching Potholes PATPOT 1,979.5 23754 164.96 sq. m
Crack Sealing CRKSL 0.0 0.0 0.00 5q. m
2019 Patching Potholes PATPOT 23964 28757 19970 s0. m
Crack Sealing CRKSL 0.0 0.0 0.00 sq. m
2020 Overlay 50mmat & IRI OVL50 1,050,000.0 1,260,000.0 70,000.0059.m
Prep. Patching 2,596.9 31162 216.40sq.m
Prep. Edge Repair 176,400.0 211,680.0 12,600.00 5. m
2021 Patching Potholes PATPOT 0.0 0.0 0.00 5q. m
Total cost for the section: 22972395 2,756,687.3

= Road User Effects

The various components of road user effects are reported in this folder. Also reported in this
folder are the road user costs for the non motorised traffic. Of particular relevance to this
case study are the effects of the widening alternatives on vehicle speeds of both the
motorised and non motorised traffic.

= Cost Streams and Economic Evaluation
This folder contains the results of the economic analysis. The Economic Analysis Summary
report indicates that the widening by 3 m alternative produces the highest benefit (NPV).

H D M _ 4 Economic Indicators Summary

Study Name: 3a. Capacity improvements - without sensitivity analysis
Run Date: 11-07-2006
Currzncy. US Dellar (milliens)
Discount Rate: 10.00%

HIGHWAY DEVELOPMENT & MANAGEMENT

Sensitivity: No Sensitivity Analysis Conductad

Alternative Prasent Value | Present valus o Inereass In| Decraass In hel HatPraseni NEVIC o8 NPViCos | InErnal Rate
of Total Agsncy Capltal | Agesncy Costs [ User Costs ExOganous Vallus Ratio Rath of Returr
Ageney Coste Costs [CAP (¢l ] Banafits | [NPV =B+EL| [NPVIRAC [NFWCLP [IRR
[RAC] (E]

1 Base case wihoul widening 1386 1326 0000 e i) 0000 0000 flias) 0000 D000
22 'Widening oy 1m 1674 1316 0288 FIL 0000 26055 15562 19795 T20(2)
32 Widening by 3m 2279 1905 LE-5] 1669 0000 30776 13504 16155 )

4 - 1Lane 3adRion (2 lanes) 3366 2682 1280 44E 0000 22168 (1) T

Flgure In brackets |5 number of IRR s0kthns In range -0 1o +200
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3.7 Sensitivity Analysis

Project 3b. Capacity improvements — with sensitivity analysis investigates the effect of
changes in the value of a number of key variables on the outcome of the economic analysis.

The scenarios which were examined included variations in the following variables, each one

at a time:

= Normal traffic growth (+/- 70%), equivalent to a growth of between 1% and 5% for most
vehicles

= Capital costs (+ 25% and + 50%)

= A combination of high capital cost (+25%) and low traffic growth (-70%)

This case study is located in the Projects folder in the Workspace. Double-click on Project
case study 3b. Capacity improvements — with sensitivity.

The additional steps and results are described below.

3.7.1 Defining Scenarios

The various scenarios are defined in the following screen, and accessed through the
Analyse Projects/Sensitivity tab page.

woM HDM-4 - [Project: 3b. Capacity improvements - with sensitivity analysis]

g Workspace View Report/Chart Window Help - |ﬁ| 1'
Define Setup Run  Sensitivity | Run Analysis I
< Project
Details —I¥ Conduct Sensitivity Analysis
i) Specify
Altematives Traffic Veh Use Net Bens =l
Description T M Mormal Growth Gener- Op. ESALF AKM HRWE, Capital Recunent | Specia
[# Aﬂﬁ_hﬂe MNomal Momal Tralfic Aifter ated ‘wieight
Projects AADT AADT Growth | Diversion | Traffic
L Base Senzitivity Scenario 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
~B- xlj.l;t’;g;:ena Low traffic grovth 1.00 1.00 030 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
High traffic: grawth 1.00 1.00 1.70 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1
AP Generte High zapital cost 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.25 1.00 1
@ Reports Veny Hioh capital cost 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 150 1.00 1
High zapital / Low traffic 1.00 1.00 030 1.00 1.00 1.00 1.00 1.00 1.00 1.25 1.00 1
< ¥
Add New Scenario Delete Scenario
¥
B Save
ﬂ Close

|Analyse the current project
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3.7.2 Run Analysis

This starts the analysis and produces the output necessary for report generation, and is
executed in the normal manner.

3.7.3 Generate Reports

A full set of reports are available for all scenarios. The user may select Generate Reports to
display the folders holding pre-defined report options which they consider relevant to
interpreting the results of this case study. Both input and output/analysis reports should be
examined. The following discussion concentrates on the effects of the scenarios examined
on the congestion performance of the alternatives, and effect on economic viability.

= Volume/Capacity Ratios by Traffic Flow Period (Graph)

This report is accessed through the Traffic folder. The resulting graph for the 1m widening
alternative/low traffic growth scenario is shown below, noting that excess capacity exists for
the duration of the project analysis.

HDM-4 Volume/Capacity Ratios for Traffic Flow Periods (Graph|

Section: Capital City to Port
Alternative: 2 : Widening by 1m
Sensitivity:  Low traffic growth

Sect|D: A003-01 Road Class: Primary or Trunk
Length: 10.00 km Width: 7.00 m Rise+Fall: 10.00 m/km Curvature: 50.00 deglkm

g o[
% o - Pericd 1
2 o EX T paiod 2
2 0 e
2 0.5 O Pesiod §
= 1
% l",_“_,,_m:.:":.:m— 5
£ 2
2 :
" i

R R T T TR

——————————————————————

= Economic Analysis Summary
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H D M - 4 Economic Analysis Summary

Study Mame: 3b. Capacity imp
Run Date: 11-07-2006
Currznzy: US Dellar [millions)
Cizcount: 10.00%

Anzlyzis Mode: Analysis-by-Project

- with

Alternative: 2 : Widening by 1m ws Alternative: 1 : Base case without widening

Sensitivity Scenario: Base Sensitivity Scenario

Increase in Road Agency Costs Sawings in | Sawingsin MT Sawvings in Red uction Nel Ne
MT VoC Travel Time NNMT Travel in Accident Social / Ecenomic
- - Costs | & Operating Costs Excgenous Ben efit:
R it 5 |
G ecurren pecia Cost Benefits NPV
Unediscounted 0.56 0.37 0.00 41.78 43.32 0.01 0.00 0.00 85.29
Discounted 0.01 0.30 0.00 1215 14.21 0.01 0.00 0.00 26.06

Economic Internal Rate of Return (EIRR} =72.0% (No. of solutions = 2}

The Economic Analysis Summary report has been used to populate Table E3.5, Table and
Table E3.7 which form the basis for interpreting the results of the sensitivity analysis.
Table E3.5
Comparison of NPV (millions) and EIRR by Traffic Growth Scenario

Widening Alternative Indicator Low Most Likely High
1m NPV 10.37 26.06 35.69
EIRI 48.8 72.0 119.7
3m NPV 12.37 30.78 46.33
EIRI 42.6 63.7 93.0
s NPV 4.97 2217 36.64
Additional lanes EIRI 18.3 33.7 48.0
Table E3.6
Comparison of NPV (millions) and EIRR by Capital Cost Scenario
Widening Alternative Indicator Most Likely High Very High
1m NPV 26.06 26.06 26.06
EIRI 72.0 80.8 No solution
3m NPV 30.78 30.63 30.49
EIRI 63.7 64.6 65.8
. NPV 2217 21.75 21.34
Additional lanes EIRI 33.7 325 314
Table E3.7
Comparison of NPV (millions) and EIRR by High Cost/Low Growth Scenario
. . . . . High Capital Cost
Widening Alternative Indicator Most Likely I Low Growth
1m NPV 26.06 10.35
EIRI 72.0 50.8
NPV 30.78 12.21
3m
EIRI 63.7 42.2
. NPV 2217 4.54
Additional lanes EIRI 337 173

All of the scenarios confirm the 3m widening alternative as the most viable, even where
combinations of factors are examined as shown in Table E3.7.
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4 CASE STUDY 4 — CONSTRUCTION OF A NEW BYPASS

4.1 Introduction

This case study presents the economic analysis of a project to construct a bypass around a
town centre. The objective is to demonstrate the specification of the bypass (as a section
alternative within a project alternative), and to examine the resulting traffic diversion effects.

Four existing road sections, A, B, C & D represent the network at a town centre. The
proposed project is the construction of a bypass, represented by one section (Section E), 10
km long. The case study considers four project alternatives as follows:

= Alternative 1: Base alternative without the bypass

= Alternative 2: Bypass constructed to a width of 8 m over a period of 2 years
= Alternative 3: Bypass constructed to a width of 10 m over a period of 3 years
= Alternative 4: Bypass constructed to a width of 14 m over a period of 4 years

The AADT values on the four existing sections at the start of the analysis period are as
follows:

Section A 10,000

Section B 4,000

Section C 6,000

Section D 8,000

The traffic flows (AADT) on each section after bypass construction will normally be derived
using an external traffic demand model (i.e. derived outside HDM-4). In this case study the
AADT on Sections A & B are assumed to be only marginally affected after the construction of
the bypass, whereas on Sections C & D there are significant reductions in the traffic flows
after construction. The AADT is reduced on Section C to 1,000 and on Section D to 3,000.
The bypass section (Section E) will have an AADT of 5,000 when opened (i.e. 2008 for
Alternative 2, 2009 for Alternative 3 and 2010 for Alternative 4).

New construction sections, such as a bypass, need to be created in the New Construction
Sections folder in the Workspace, prior to their inclusion in an analysis.

i3 workspace =]

El-igd C:AProgram Files\HDM-4 Wersion 24\Case StudiestVolume 2 :-I% Mew
[#1-{_] Wehicle Flests [2] S
-] Road Netwarks [4]
Eg “Work Standards . U
[:| Maintenance Standards [29] . Delete
-] Improvemsn ki —
E| ‘M Construction Sections [3] Copy
[¥] Project 4 Section E [2 lanes) —

m Project 4: Section E [4 lanes]
sl Froject 4 Section E [wide 2 lanes)
Leed Dafault TSy ek CorzLmption

ah| Bename

t-[_] Programmes [3] ‘@ Export
t-[_] Shrategies [3]
t-[_] Configuration

it

e W e W o W e

&J‘ Import

[Far Help, press F1 A
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For this case study, three new construction sections have been created, each representing
the three construction options for the bypass. The screen from the 4 lanes alternative shown

below, indicates that the Speed Flow Type has been set to Four Lane Road as the width of
the new bypass is 14 metres.

New Construction Section: Project 4: Section E (4 lanes) E

Definition |Cost5 I Geometryl Pavement I Condition I Other I Matorised Traffic I Non-motorised Traffic I Asset Valuation I

&l Project 4: Section E (4 lanes)| Speed How Type: IFour Lane Road j
ID: |Sect E Traffic Flow Pattem: ICommuter j
Link Name: |Mew Link Accident Class: IFour Lane Road j
Link ID: [NEW1 Cimate Zone: |Subtropical-Hot Sub-Humid | |
Lenath: [10 km Road Class: [Primary or Trunk =l
Cway Width: |14 m
Shoulder Width: [15  'm Calibration Set: [Section €

Flow Direction: Im Calibration fem: |Section E-4lanes j
Surface Class: Im Selected Calibration tem Summary ————————————
Pavement type: |ﬁ|spha|t Mo on Granular Base

Surface matenial: Iﬂsphaltic Concrete

oK I Cancel

[Name of section

The construction of the 4 lanes bypass will take 4 years as described in the Costs tab page.

Mew Construction Section: Project 4: Section E (4 lanes) B

Definition  Costs |Geometry| Pavement | Condition I Cther I Matorised Traffic I Non-motorised Traffic I Asset Valuation I

Economic cost: per km*

Financial cost: IBEDDDD perkm™

Duration: [4 =+ | years

Salvage value: |1D %
12 3 4 &
Annual cost stream: IFIFIFIFI— o

* construction costs are expressed in the cument works cumrency (US Dollar)

Corc

Economic cost per km of the new construction

The construction is 100 mm of asphalt on a granular base (AMGB) and will be completed in
2009 (i.e. in the fourth year of the analysis period).
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New Construction Section: Project 4: Section E (4 lanes) [ x]
Definition | Costs | Geometry Pavement |Cnnditinn| Other | Motorised TleCI Mon-motorised Traﬁicl Asset Valuation |
Surfacing r Strength
(L B Asphat Mo on Granular Base BRI SEET TIE R TR
SNP: [4.15 DEF: |0.67
Material type: Ihphalhc Concrete mm
1% Structural Number: (3.1
Most recent sufacing thickness:  |100 mm
Subgrade CBR: |8 %
Previous/old surfacing thickness: |0 mm
" Dry Season = Wet Season
Previous works (HDM-4 Wark Types) [2] ' Caleulated SNP:  Calculate SHE..
Last reconstruction or new construction: (2003 year r Road base ffor stabilised base only)
Last rehabilitation foveray): [2008  year Base thickness: mm
Last resurfacing (resealing):  |2009 year Eesilient modulus: GPa

Last prevertative treatment: (2009 year

Care

Details of pavement construction

The AADT on the new bypass will be 5,000 when opened (i.e. in 2010 for the 4 lanes
alternative) as specified in the Motorised Traffic tab page.

New Construction Section: Project 4: Section E (4 lanes) [x]

Definition I Costs | Geomeiryl Pavement | Condition | Other  Motorised Traffic I Non-matorised Traffic | Asset Valuation I

Vehicle Fleet used for this saction/network: ‘Norlhem Province Vehicles

Survey Year] 2010 Edit Year...
4w/D 0.00
Atic Truck 250.00
Heawp Truck. 250.00
Light G oods Wehicle 500.00
Light Truck 0.00
Medium Bus 260.00
Medium Car 3000.001
Medium Truck 500.00
Mini-bug 260.00
| TotalaDT:[  sooooo

e

[Motorised Traffic

The case study is located in the Projects folder in the Workspace. Double-click on the
Project case study 4. Construction of a new bypass to open the case study.

4.2 Define Project Details

In the Define Project Details screen, the following tab pages may be displayed:
= General
= Study Sections
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42.1 General

The information displayed in the General screen includes the study description, analysis
type, analysis period, the pre-defined Road Network and Vehicle Fleet, and the currency to
be used for the analysis.

As mentioned in Section B2.2, analyses involving new sections and diverted traffic can only
be performed using the Analysis by Project method of analysis.

uak HDM-4 - [Project: 4. Construction of new bypass]

[&F workspace View Report/Chart Window Help == x|
Define General | Study Sections |
Froject
Detail
p— Desaription: [Project : Construction of a new bypass
P
T et
An
B e
Analyseby:  Sectin & Project
. Vi Ci
Analysi Start year: [2006 PBnalysis period: |20 years
/ey Generate
4@ oo Road Network: [Northen Province =
Vehicke: Heet: [Northem Province Vehicles
Cumencif
Fleet: US Dollar =i = output curency
Works: US Dolar x i = output curency
Network: US Dollar = i = output curency
Qutput: [ US Dollar -
i3
CIS
iﬂ Close

|Project description

The analysis period is defined by the start year 2006 and a duration of 20 years (i.e. 2006 -
2025). The existing sections (A, B, C & D) to be analysed are in the Road Network entitled
Northern Province, to which the Northern Province Vehicles have been previously assigned
as the Vehicle Fleet. The currency being used for this analysis is US dollars.

4.2.2 Study Sections

The four sections in the Northern Province road network selected for this analysis are
displayed below. The new bypass (Section E) will be added in the Specify Alternatives
screen (see Section E4.3).
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ok HDM-4 - [Project: 4. Construction of new bypass] [_[5]
[i Workspace  View ReportfChart Window Help =18
Define B smdyssmms|
Project
Details = I = T
nclude in eclion Summary ]
g St Ghll el | ewrem | B || ook
Altematives ¥ | Sect D Section D Priary o burk  Bituminous  Project 4: Section D
= | = = SectC Section C Prirnary o bunk  Bituminous  Project 4: Section C
B :ﬂa’vse I ¥ SectB Section B Prirnary of burk | Biturinous  Prajsct d: Section B
LEEE I Vi Secth Section & Prirnary of burk | Biturinous  Project 4 Section &
Wit Crteria
B iy
/0y Generale
Reports
4 [
. Sections
sign Grot elect by Crteria... | View/Edt Section few/Edit He Hetwork: ]
g = Assign Growth Set_| Select by Crtera... | View/Edit Section...| _ View/Edt et
= | Copy Growth Set Unsclect Al | View/Edit Network.. Gl i
m o Ezste Grouth G2t |~ Show unselected
—————— 11 sections
5 ections selected for analysis

By double-clicking on the section gives access to the section details. However, the Traffic
Growth details can only be seen and edited through the Vehicle Fleets folder. To access
the Traffic Growth Sets that have been previously created, the user needs to open the
appropriate vehicle fleet (in this case Northern Province Vehicles) in the Vehicle Fleet folder
and click on the Edit Traffic Growth Sets button which then displays all the previously created
sets.

Traffic Growth Sets for Vehicle Fleet - Northern Province Vehicles
Mame | Drescription [optional) Al Mew Growth Set...l
Project 1 |Uparading a aravel road

Froject 3 Capacity Improvements Copy... |
Project 4: Section & Section &
Froject 4: Section B Section B Dzlete |
Project 4: Section C Section C Edit.. |
Froject 4: Section D Section D

Project 4: Section E [2 lanez)] Section E - 2 lanes

Froject 4: Section E [wide 2 - lanes] | Section E - wide 2 lanes

Project 4: Section E [4 lanes) Section E - 4 lanes
L
-

4 | LI_ Cancel |

|Close the dialog and accept any changes

For this case study (Project 4) several traffic growth sets have been created: one for each of
the existing four sections and one for each of the three bypass construction alternatives.
Double-clicking on one of the sets displays the details of the traffic changes over the analysis
period for that set.

The traffic growth rates for Sections A, B, C & D are the same (Section A displayed below),
Section E takes 2, 3 or 4 years to construct as described in Section E4.1. Therefore the
growth rate is specified from the year that the bypass is opened (in year 3 for the 2 lanes
altenative shown below).

Applications Guide
HDM-4 Version 2.0 E1-51



Part E Project Analysis Case Studies

Traffic Growth Set: Project 4: Section A H

Hame: |F‘l=|je:t 4; Section &
Description: |Secmcr1 A

Traffic Growth Set: Project 4: Section E (2 lanes)

Namne:

Descriphicon: |Eam=n E-2lanes

Praject 4; Sectian E (2 lan=s)

Motcrsed Growth Pesods | Non-Molorised Growth Pedods | Mstcesed Growth Poricds | Non-Motdsed Growth Fedods |

Anrud =1 Add New Penod... Anngal X Annual % =| Add New Perod...
Wehicke ncrease - Wehicle Incisase ncrease -

from pearl | Edit Period, fram year 1 fom year 3 Edit Period
Medum Bus I 200 M =dium Hus I 0.00 300
fibe Tiuek 00| Dedete Peried fuilie Tiuzk 0.00 200 Dielete Period
Heay Truck 00| Heauy Truck 0.00 200
Madium Tuack 200| Mote: years am Madium Tiuck 0.0D 200 Mote: years ane
Light Truck 000 —| defined elatve te Light Truck 0.00 nan —| cefined relstive te
Licht Gioods Vehicle 200 T Light Goads Vshicle 0.00 300 :‘:;::‘““““
MedumCa 0 | B NedimCax om e | e
1 | ¥ et iz uged. 4 | #[] eetisused.

[ | e rect])

The section details can be accessed by double-clicking on the section shown in the Study
Sections tab page. All four sections were originally constructed in 2002. The construction
was 100 mm of asphalt on a granular base (AMGB) in all cases. Other basic section details
are given in Table .

Table E4.1
Section Details
Section A Section B Section C Section D
Length (km) 6 3 5 7
Carriageway width (m) 8 7.3 7.3 8
Speed Flow Tvpe Two Lane Two Lane Two Lane Two Lane
P yp Wide Standard Standard Wide
AADT (2005) 10,000 4,000 6,000 8,000

The traffic composition for each section is given in the Motorised Traffic tab page which are
shown below.
orctioer Section A Seviioee Section B

Dibrition | Gzometry | Pawersent | Cordon | Otrer Motoriesd Trebio | Man motorised Trabic | Asset Vskustion | Dibrition, | Gaoematry | Pawersens | Condeon | Otrer Molorised Teafio | ran metorsed Trafte | Assat Visksation |

Wizl st Losead for thes sectian netmadc. Moshem Provnce Vehices Vehicle Fibet Losed for s sectian netmadc. Moshem Provncs Vehices

Suvepvea] 05| it Yo Suvepvea]  2005] it Ve
L] 0.0 ] 0.0
iz Tk 500,00 iz Truck: 200,100
Haarap Truck B0 (o Haaray Truck 2000
Light Gocets Vistecke 100000 Light Giocets Visteoke 400,00
Light Tash 0o Light Task oo
Mucium Bur 500 T Mucim Bur 00
M Car G000 Mz Car 240000
Hecm Trak 1000 00 M Track 400, 0o}
Minvbu 00 00 Minvbus 00 [0

Total G T: 1000000 Toal e T: 400000

I o] e |
et el TraMe et aed Trafc
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i Section C
Didirition, | GGeomesry | Parvement | Condion | Othesr | Motorised Tenfio | bon motored] Trafia | Asset Viskuaton | Deirition | Geometny | Paversent | oredion | Gaber  Moloised TeeBio | Nonmotorieed Trafic | Asset Vskuation |
Weticle Fiesl used for fis sectionetmadc. Noshem Prvnce ehickes Vihizke Fisl used lor Tris section nedwadc. Moshem Privnca Vehides
Tuavey Faar] 2008 it Year Fuavey Taar] 2005 Fiét
=] 0.0 ] 0.0 Bl
Aiic Tasck 00,0 | futic Taack: 400 00
Heag Truck 0.0 ey Truck: 0000
Light Boceds Vistick: 0000 Light oods Vit 0000
Light Tauck il Lighl Toak 0.00
Mudum Bur 000G e Bur &0, T
Hecium Cor 360000 Hedum Lo AR ()
M Track: G000 Hesdiun Trk 00, (07
Hinitus L Hintu 400,00}
Tobal BEOT: G000 Tobl &80T o000
OH Concnd OH Concd
htes Tra: Hetoriced Traffic

4.3 Specify Alternatives

The four alternatives considered in this case study are described in Table E4.2.

Table E4.2
Project Alternatives

Alternative Description

This is the base alternative. Routine maintenance (crack sealing and

1 pothole patching) is undertaken each year on all four sections based on
their pavement condition. In addition, a 50 mm overlay is applied when
the roughness level reaches 6 IRI.

With this alternative, the existing four sections are maintained as in

2 Alternative 1. In addition the new bypass is constructed to a width of 8
metres over the first 2 years of the analysis period and then maintained
using the condition responsive maintenance regime of Alternative 1.

With this alternative, the existing four sections are maintained as in

3 Alternative 1. In addition the new bypass is constructed to a width of 10
metres over the first 3 years of the analysis period and then maintained
using the condition responsive maintenance regime of Alternative 1.

With this alternative, the existing four sections are maintained as in

4 Alternative 1. In addition the new bypass is constructed to a width of 14
metres over the first 4 years of the analysis period and then maintained
using the condition responsive maintenance regime of Alternative 1.

The Maintenance Standard (Routine + 50 mm overlay) comprises the following works items:
Crack sealing if area of wide structural cracking = 10% of carriageway area
Patching potholes if no. of potholes = 10 / km
50 mm overlay if roughness > 6 IR

To assign a new section to a project alternative, the user needs to click on the Add button in
the New Sections column of the alternative being created.
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uov HDM-4 - [Project: 4. Construction of new bypass] [_[=]
L] Workspace Wiew Report/Chart Window Help == x|

Define Arematives |

Details i~ Navigation Detail
= Analysis by Project
ety | |[F SRS 2
Altematives = 1: Base Case Without Bypass

New | Diveted T

V4

Alternative Name

=55 Section A Sections | Traffi N
- freivee T [¥] 2006 PROJ3E: Row 1 Base Case Withaut Bypass y 4 * Edit >

%
Projects = 2, With Bypass [Section E - 2 lanes] 1 1

=155 Section B L]
—_——— [¥] 2006 : PROJ384: Rov | |3 "with Bypass [Section E - wids 2 lanes) 1 1
Muti Citeria 555 Setion C 4 With Bypass [Section E - 4 lanes) 1 1

- Aeciyss E-E= Section i

[¥] 2006 : PROJ384: Rou Add new altemative.

-
o
[

-
o
=
fia}
o

i
et
e

Ed
Ed

it
it

i
o
[

N\

= =53 Section D e
@ e [¥] 2006 : PROJ344: Rou
2 5[5 2 With Bypass (Section E-2
=185 Project 4: Section E (21an
[¥] 2008: PROJ3&4: Rov
-5 Section A
[¥] 2006: PROJ384: Rov
£1-E5 Section B
[¥] 2006 : PROJ384: Rov
£ &= Section C
[¥] 2006 : PROJ384: Row
=55 Section D
[¥] 2006.: PROJ3&4: Rov
=-+J&f 3: With Bypass (Section E -wi
-85 Project 4: Section E {wide
[¥] 2009 : PROJ384: Row
=55 Section A
[¥] 2006.: PROJ3&4: Rov
=55 Section B
[¥] 2006: PROJ334: Ro.
=53 Section C
[¥] 2006 : PROJ384: Row
=155 Section D
[¥] 2006 : PROJ384: Row
+ &1 4: With Bypass (Section E - &
B G- = {25 Project 4 Section E (4lan _

[¥] 2010 : PROJ3A4: Ro = =
iﬂ 4 ‘ v Add Atsmative Copy Abemativs._| Pasts Atsmstive Delets Atemative
jose

|Project deseription

The options available to add as a new section are those that have been previously created in
the New Construction Section folder (see Section 4.1). A Construction start year needs to
be specified and a Traffic growth set needs to be selected from those previously created. In
this case study, three ftraffic growth sets have been created — one for each bypass
construction alternative. The appropriate one should be assigned to each alternative.

New Construction Section Option

Mew construction section:

oK I

III Project 4: Section E [2 lanes]
C |

m Project 4: Section E [4 lanes] il

III Praject 4: Section E [wide 2 la...

Select a new construction section from the list above. The list contains
those new sections which are appropriate to this study [Le. use same
wehicle fleet az study]. and which have not already been uzed in the
current project altermative.

Construction ztart year: |2DDB

Traffic growth set: |<undefined> j

As a result of new construction, traffic may be diverted from existing road sections. To
assign new traffic levels for existing sections, the user needs to click on the Edit button in the
Diverted Traffic column for the appropriate alternative.

In this case study, the AADT on Sections A & B are marginally reduced to the values at the
start of the analysis period, whereas on Sections C & D the AADT are significantly reduced
upon opening of the new bypass. The AADT for the four sections are specified for the first
year of opening for each bypass construction alternative. For example, for the 4 lanes
alternative shown below, the AADT is specified for the year 2010.
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For the new traffic levels on each existing section, the traffic composition and the traffic
growth rates need to be specified. The screen for entering this information is accessed by
either clicking on the Edit Diversion Details button or by double-clicking on the New AADT
value. The growth rates for the new AADT on the existing sections have been reduced from
those specified for the base alternative.

iwerted Traffic for Alternative: 4: With Bypass (Section E - 4 lanes) Diverted Traffic Details | x|
- — — - Malecised |
Sackan Irutial r— HwA&DT = fudd Diwerzion Paniod...
ABOT in 2010 —  Gromth Type
- = [elete Diversice Period w
Seclion & 10000.00 006 1000000 e e | @ B
Section B 400000 2005 400000 E dit Diwarzion Pariod... EECA A R
Section © £000.00 005 1000.00 - " Annualincrease in AADT
Section [ 200000 2005 3000.00
— Edft Diversicn Diatals. S —
Hew X 1=
Wehele Eraposiion Girawth
Mledivm Tiack 1000 1.00
Light Truck n.og n.oo
— I OF. Light Groods Wehiche 100 1.00
= Medium Car E0.00 200k
L [+[] vzl Miri-bus 500 1.00[ o
ok | Coes |

|Annual percentage noeass i dierted raffic

The Maintenance Standard (Routine + 50 mm overlay) is assigned from the year 2006 to
Sections A, B, C & D in all four alternatives. The same maintenance standard is assigned to
Section E (new bypass) from the year of opening of the bypass (2008 for 2 lanes, 2009 for
wide 2 lanes and 2010 for 4 lanes).

4.4 Analyse Projects

441 Setup Run

The options selected in the Setup Run screen are Conduct Economic Analysis using a
discount rate of 10%, with the ‘base case without bypass’ alternative selected as the base
alternative. The additional models for accidents, energy balance, emissions, acceleration
effects and asset valuation are not included in this analysis.
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= HDH-A - [Project: 4. Constrection of new bypass ]

& wolgpae Yew BesriCharl Wk e =l8]x

Set P | Sty | P Acoiyss |

Dofine.
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For this case study, sensitivity analysis has not been selected.

4.4.2 Run Analysis

This starts the analysis and produces the output necessary for report generation.

4.5 Multi Criteria Analysis

Multi criteria analysis has not been used in this case study.

4.6 Generate Reports
The output reports from the analysis are produced and stored in the appropriate folders.

=  Traffic
Details on the traffic flows for each alternative over the 20-year analysis period are reported
in this folder in both graphical and tabular form. Also reported are the volume/capacity ratios.

The traffic levels over the analysis period are shown below for the ‘wide 2 lanes’ alternative.
The graph illustrates the reductions in AADT for Sections A, B, C & D when the bypass is
opened in year 4.
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BHDAL-4 AADT for Project Road Secoons {Graphy

Alternabtve: 2 With Bypass (Sechon E - wade 2 lanes)
SENBIity; MO Sensifviy Analyss Condsceg

Annual Average Daily Traffic (AADT) for Motorised Vehicles

16
T

G0 : -
—l- Project 4: Section E
14000 = (wide 2 lanes)
—_ -__“_-u-""" —l- Section A
= 12000 p— e [ Section B
g d e T H-Section C
2 10000 5 T Section D
£ anoo =11 T
= 4%
- JUES S
E; J l A o :—4"4'F Lag o n 99 +
£ L 1 i
2 st
: |
INIBNA S E SR mnE
/ |
o B — Mo o= W =
& 5 oo o o =
{ o I} ™ v} o o

200

2007
20053
2003 |2
2010 |
20

20

2013
2019

2021 |
2022 |
2023
2024
2025

= Deterioration / Works Effects

The progression of the various distresses for each alternative over the analysis period are
reported in this folder in both graphical and tabular form. Also reported in this folder are the
timing of the works carried out for each alternative during the 20-year period.

The Road Works Summary (by Year) report lists the works activities for each alternative,
year by year. As shown in this report for Alternative 3, the ‘wide 2 lanes’ construction takes
place during the first 3 years. Routine maintenance activities that occur on the existing
sections in the first few years of the analysis period are also shown below.
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Alternative:  3: With Bypass (Section E - wide 2 lanes)
Sensitivity: Mo Sensitivity Analysis Conducted
Year Section Works Description Code Economic Financial Work
Cost Cost Quantity
2006 Project 4: Section E (Mew Section: Project 4: Sectio 1,162, 1200 1,360,000.0 1.00 km
Total Annual Cost 11621200 1,360,000.0
2007 Project 4. Section E (Mew Section: Project 4: Sectio 1,127,940.0 1,320,000.0 1.00 km
Total Annual Cost: 1,127,940.0 1,320,000.0
2008 Project 4: Section E (Mew Section: Project 4: Sectio 1,127,940.0 1,320,000.0 1.00 km
Total Annual Cost: 1,127,940.0 1,320,000.0
2010 Section A Crack Sealing CRKSL 26,316.8 31,5802 5263.36s0.m
Total Annual Cost: 26,316.8 31,5802
2011 Section A Fatching Potholes PATPOT 516.7 620.1 43.0659.m
Section B Fatching Potholes PATRPOT 112.0 1344 933sqg.m
Section D Patching Potholes PATROT 180.9 2281 1891 s0. m
Total Annual Cost: 819.7 983.6
2012 Section A Patching Fotholes PATPOT 2211 2653 1843 sq.m
Crack Sealing CRKSL 26.316.8 31,5802 B526336sg.m
Section B Fatching Potholes PATPOT 47.5 571 39650 m
Crack Sealing CRKSL 12,0071 144085 240141sg.m
Section D Patching Potholes PATROT 76.9 923 6.41s0.m
Crack Sealing CRKSL 326247 39,1496 652494 sq.m
Total Annual Cost: 71,2941 85,552.9

At the end of this report the total costs for each alternative for each year are summarised.

Summary of Total Annual Costs

3se Case Without Bypass |1ass(Section E - 2 lanes) | Section E - wide 2 lanes) | 1ass (Section E -4 lanes)
2006 0.00 1,367,500.00 1,162,120.00 1,196,500.00
2007 0.00 1,367,500.00 1,127,940.00 1,196,500.00
2008 0.00 0.00 1,127,940.00 1,196,500.00
2009 0.00 0.00 0.00 1,196,500.00
2010 57,019.78 26,316.82 26,316.82 57,019.78
2011 21,660.90 825.79 819.66 803.03
2012 69,744.01 71,473.90 71,294.10 69,471.32
2013 20,717.16 21,305.17 21,363.56 21,232.92
2014 69,727.91 69,639.09 69,550.85 69,618.86
2015 20,600.77 20,252.07 20,239.02 20,260.85
2016 69,584.97 69,196.95 69,200.35 69,312.60

HDM-4 Version 2.0 Page 11 of 12
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= Road User Effects
The various components of road user effects are reported in this folder.

= Cost Streams and Economic Evaluation
This folder contains the results of the economic analysis. In the Economic Indicators

Summary report, the results of this analysis indicates that Alternative 2 (2 lanes) produces
the highest benefits of the three bypass construction alternatives.

H D M _ 4 Economic Indicators Summary

Study Mame: 4. Construction of new bypass
Run Dtz 12-07-2006
Currzncy. U5 Dollar {millions)
Discount Rate: 10.00%

UIGHWAY DEVELOPMENT & MANAGEMENT

Sensitivity: No Sensitivity Anahysis Conductad

Altarnative Prasent Value | Present valus o Inzreass In | Decrazss In hel NatPraseni NEVIC o8l NPvICos | InBrnal Rat
of Total Agency Capltal | Agency Costs | User Costs Exoganous Valug Ratin Ratk of Raturr
Ageney Coste costs [CAP ci (& Banefits | [NPV=B+E<L]| (NPVIRLE [NPWELP [IRR
[RAC] (E]
1: B=se Case WOl Bypass Lo PSS wooa 0000 0000 i) 0000 0000 wooa
k1ol 72 235 A% 0000 23210 2352 10252 ThA (1)
3489 3232 2807 28 0000 25480 8140 8313 8.1 (1)
57 4230 T3E s 0000 oL 6180 B.5T6 456(1)

Flgure In Drackets |5 numiber of IRR S0kilons In range -20 fo +900
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PART F PROGRAMME ANALYSIS CASE STUDIES

1 CASE STUDY 1 - PRIORITISED WORKS PROGRAMME

1.1 Introduction

This case study demonstrates the application of Programme Analysis in the production of a
prioritised works programme for part of a road network, using the life cycle analysis method
described in Section 0.

The objective is to prepare a prioritised list of road projects from a candidate list of road
sections that are in a range of conditions. The analysis is expected to investigate the long
term investment levels to meet the agency’s target intervention levels, and to examine the
impact of possible budget constraints.

The case study is located in the Programmes folder in the Workspace. Double-click on 1.
Works Programme to open the case study.

1.2 Define Project Details

In the Define Programme Details screen, the following tab pages may be displayed:
= General
= Study Sections

1.2.1 General

The information displayed in the General screen includes the study description, analysis
type, analysis period, the pre-defined Road Network and Vehicle Fleet, and the currency to
be used for the analysis.

Genersl | Study Sections |

Study Description: [Frogramme 1. Works Programme - Life Cycle Analysis

Type of analysis: F Lifecycle ( Multi-Year Forward Programme

Start year. |2006 Analysis period: |15 years

Road Networc: [State Roads =]
Vehicle Fleet: [National Flest
Curencies
Flest: Malaysian Ringgt x lw_ = output cumency
Works: US Dollar [T =output cumency
Metwork: Malaysian Ringgt x |1_ = output cumency
Ouput: [Molayson Ringgt x| Discourtrates [12

+
B Save

ﬂ] Close

Far Help, press F1
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This case study uses the life-cycle method of analysis. The analysis period is defined by the
start year 2006 and a duration of 15 years (i.e. 2006 - 2020). The sections to be analysed
are in the Road Network entitled State Roads, to which the National Fleet has been
previously assigned as the Vehicle Fleet. The discount rate has been selected as 12% and
the currency being used for this analysis is Malaysian Ringgit.

1.2 Study Sections

The road sections selected for analysis comprise a total of 29 bituminous sections.

#as HDM-4 - [Programme: 1. Works Programme] M=
W& Workspace Wiew Report/Chart Window Help |8
Defirne o SludySem\or\sl
Details Number sslected sections: 29
Speciy Inchide in | Section Summary | -]
B Hiematies sk | Gow | D | Descrintion T | e
I oI0T010001 | 010-101-0001 Bituminous  Programme 1
B E;’;E’E"‘fm 7 0101020001 |010-102000-1 Bituminous | Programme 1
I 0101030001 | 0101030001 Bituminous | Programme 1
Pefom ] DI07070001 | 0101070001 Biluminous | Programme 1
- Budget I 0107090001 | 0101030001 Biuminous | Programme 1
I 4 0101100001 |010-110:0001 Biuminous | Programme 1
Ry Genersts I oI0T110001 (0101110000 Biluminous | Programme 1
@ Regoris ] 01071130001 | 01041130000 Biluminous | Programme 1
— I 0107155231 | 01041155291 Biluminous | Programme 1
I 107155671 | 0101155671 Biluminous | Programme 1
I 0101240001 | 0104124000 Biluminous | Programme 1
I 0101270001 | 01041270000 Biuminous | Programme 1
I 010760000 | 010-76-0001 Biuminous | Programme 1
I 010770000 | 010-77-0001 Biuminous | Programme 1
I 010800001 | 010-80:0001 Biuminous | Programme 1
I 01081000 | 0104610001 Biuminous  Pragramme 1
I 010840000 010840001 Biuminous  Pragramme 1
I 010850001 | 0104850001 Biuminous  Pragramme 1
I 010860000 010-86:0001 Bituminous  Pragramme 1
I 010900001 | 010900001 Biuminous  Pragramme 1
I 010910001 010910001 Biuminous  Pragramme 1
I 010920000 010920001 Shett  Bituminaus  Programme 1
I 010920861 010920851 Biuminous  Pragramme 1
I 01092273 010492273 Bituminous  Pragramme 1
I 010940000 | 010-94-0001 Bituminous  Pragramme 1 —
I 010949900 010949901 Shert  Bituminaus  Programme 1
I 010950001 | 010-95-0001 Bituminous  Pragramme 1 -
e T o e n I»IJ
Assign Growth Set..|  Selectby Cteria..|  View/Edt Section..|  View/Edt et
é Save Copy Growtn St | Unselect Al | View/Edt Networc..|
‘Shaw unselected
_— Baste Broti Set | 1 7880 Groups.
5 o
Sections selected for analpsis

Double-clicking on a section gives access to the section details. However, the Traffic
Growth details can only be seen and edited through the Vehicle Fleets folder. To access
the Traffic Growth Sets that have been previously created, the user needs to open the
appropriate vehicle fleet (in this case National Fleet) in the Vehicle Fleet folder and click on
the Edit Traffic Growth Sets button which then displays all the previously created sets.

Double-clicking on the appropriate set (in this case Programme 1) displays the details of the
traffic changes over the analysis period. The traffic growth rates for this case study indicate
that the traffic is expected to increase at a rate of 4.5% per year.

Applications Guide
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Traffic Growth Set: Programme 1 [ x|

Name: IPnglamme 1

Description: IWUst Programme:

Motorised Growth Periods

Annual % A1 Add New Period..
Wehicle INCTease —
from year 1 Edit Period...
Motarcycles | 4.50
tatar Car 4.50 Delete Period |
2-anle Truck, 480
-aule Heavy Truck 4.50 Mete: years are
Bus 450 defined relative to
drale Atic 450 SR
e —| analysis in whi
Lltilities van 4.50 ~| the traffic growth
4] | #[ | setisused
N

= Definition

Section: 010-101-000-1
Definition IGeometryl Pavemert | Condition | Other | Motorised Traffic | Asset Valuation |
Name: |D1 0-101-0001 Speed How Type: ITwo Lane Road j
1D: |0101010001 Traffic Flow Pattem: IFree—FIow j
Link Name: |010-101KM-101.71KM[L-3-F-2{CRE10)] Accident Class: IT\c\'D Lane Road j
Link 1D: [o10 Cimate Zone: [Tropical Humid =l
Length: [071 | km Road Class: [ Primary or Trunk =l
Cway Width: |62 m
Shoulder Width: 51 m Calbration Set: [State
Fow Direction: [Twoway 7| Calbration ktem: [Low Traffic - AMAP =
Surface Class: Im Selected Calibration tem Summary
Pavement type: I.ﬂsphalt Mix on Asphalt Pavement
Surface material: |.P|sphaltic Concrete
oK I Cancsl
|Length of section (in km)

The State calibration set is assigned to the road sections in this case study. Details may be
viewed within the Configuration folder. The State calibration set has two Calibration Iltems
defined: High Traffic — AMAP and Low Traffic — AMAP. These calibration factors alter the

performance characteristics of the network for each associated distress.
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£ RD Calibration Set : State I[=] B3

MName: IState

Btuminous |Concrete| Unsealed

Model ibrary (DLL): [HDM-4 Defautt DLL | B Browse...
RD Calibration ltem . FPavement Type Surface Material CDS
High Traffic - AMAP Aszphal Mix on Azphalt PavementLI Aszphaltic Concrete LI 1.00
Lo Traffic - AMAP Azphal Mis on Asphalt Pavement « | Asphaltic Concrete - 1.00
| | d
?1% MNew tem | Copy ttem | ii[‘ Delete tem

ok | cancel |

RN

= Geometry
The geometry characteristics of each section are described in this screen.

Section: 010-101-000-1

Definition  Geometry I Pavement I Condition I Cther I Motorised Traffic I Asset Valuation I

Rise = Fall mAkm Speed Reduction Factors
Mo. of rises +falls: F no./km XNMT: |1 0.4 <= ¥NMT =1
Superslevation: |r % Road side fiiction: [1 0.4 <=XFRI <= 1
Avg horiz curvature: [52 deg/km XMT: [T DA<=XMT <=1
adral: [}'1— m/s?

Speed limit: 100 lemsh
Speed limit enforcement: 1.1
Altitude: |47 m

OK I Cancel

Average road rise plus fall {in mfkm)

= Pavement

The pavement type, years of construction and periodic maintenance, and pavement strength
are detailed on this screen.

Applications Guide
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Section: 010-101-000-1

Definition I Geometry Pavement |Condi‘tior1 | Cther | Motorised Traffic | Asset Valuation |

Surfacing — Strength
Calculated Dry season model parameters

SNF: |3.50 DEF: |D.88 o
[1] ¢ Structural Mumber: |2.45

Most recent surfacing thickness:  |135 mm
= . Subgrads CER: B %
Previous/old sufacing thickness: |25 mm

eV =y 8508l Asphalt Mix on Asphalt Pavement

Material type: I.ﬂsphaltic Concrete

¢ Dry Season { Wet Season

Previous warks (HDM-4 Work Types) [2] ¢ Calculated SNP: | Calculate SHE... |

Last reconstruction or new construction: I1 995 | year r~ Road base for stabilised base only)
Last rehabilitation {oveday): |2000 year Baze thickness: I mm
Last resurfacing (resealing):  |2000 year Resilient modulus: I GPa

Last preventative treatment:  |2000 year

QK I Cancel

|Details of pavement construction

= Condition

The roughness of the selected sections varies from approximately 2 to 6.5. This indicates
that some sections are overdue for treatment whereas others are likely to last a considerable
time before requiring periodic maintenance. Many sections are also affected by low to
moderate amounts of surface cracking and rutting of varying extent.

Section: 010-101-000-1
Definition | Geometryl Pavement Condition |Other | Matorised Traffic I Asset Valuation |

Condition at end of wear 2005

Roughness [IBI - mdkm 284

All Structural Cracks [3 1.50

‘wide Stuctural Cracks [% 0.50

Thermmal Cracks [% 0.00

Bavelled area [ 1.00

Mumber of Pothales [Mo. Aam 0.00

E dge break. area [ré/km] 0.00

tean rut depth [mo 615

But depth standard deviation [mm 210

Texture depth [mm 0.70

Skid resistance [SCRIM S0km/h 0.50

Drainage Excellent «

OK I Cancel

[Yearly condition data

= Other
The value of ELANES for all the sections is 2.
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Section: 010-101-000-1

Definition I Geometryl Pavement I Condttion Other | Motorized Traffic I Aszet Valuation I

Humber of lanes: I:

—Compaction (Btuminous only)——————

Relative compaction: |55 7

r Shoulders {Concrete only)

Shouldertype: |MNon-concrete

width of widening IC m

— Previous suface condition (Bituminous onfy)

Area of all structural cracking: ID )
Area of wide cracking: ID k4
Transverse themal cracks: ID no/km

r Drainage

Drain type: |Mo change in drainage effect j

ELANES: |2

Cancel

[Model seperate lanes for non-motorised traffic

= Motorised Traffic
The initial AADT values in 2005 for the sections in this case study range from approximately

8,000 to 12,000.

Section: 010-101-000-1

Definition | Geometr)'l Pavement I Condition | Other  Motorised Traffic |P|sset Valuation |

Vehicle Fleet used for this section/network: |Nationa| Fleet

Survey Year | 2005 Edit Year... |
2-axle Truck 730,10
S-avle Heawy Truck 27654
4+aule Atic 157.52
Buz 158.02
hdokor Car 355545
b atorcpcles 2133.27
Utilities var 730,10
Total 24DT: [ 7301.00

oK I Cancel

[Motorised Traffic

= Asset Valuation
Asset valuation is not considered in this case study.
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1.3 Specify Alternatives

The two Maintenance Standards that are considered in this case study are described in

Table F1.1.
Table F1.1
Maintenance Alternatives
Alternative Works ltems Criteria
Edge Repair Edge break > 1 m%/km

B 1 Pothole Patching Potholes > 1 no./km

ase
Alternative | Patching Wide Cracks Wide Cracks > 5%

Pavement Reconstruction — 150mm asphailt

IRI > 10

Edge Repair

Edge break > 1 m%km

Pothole Patching

Potholes > 1 no./km

Patching Wide Cracks

Wide Cracks > 5%

40 mm Overlay

IRI >3 & AADT > 15000

2 Minimum interval 5 years

Compound 40 mm Overla IRI > 4.5 & AADT < 15000
Standard y Minimum interval 5 years

4 <|RI <6.5 & AADT > 15000
Minimum interval 7 years

IRI > 5 & AADT > 15000
IRI > 6 & AADT < 15000

80 mm Overlay

Reconstruction — 150 mm asphalt

Reconstruction — 150 mm asphalt

Alternative 1 is the Base Alternative. It comprises routine maintenance which includes edge
repairs, pothole patching and patching of areas affected by wide cracks. In addition, a
reconstruction is applied if the roughness level reaches 10 IRl. The other alternatives
include the same routine maintenance, with different periodic maintenance items.

Sixteen section-alternatives have been specified for each section. They comprise the Base
Alternative and 15 periodic maintenance options comprising the Compound Standard timed
to start in Year 1, Year 2, etc up to Year 15, the final year of the analysis. Where the
Compound Standard is delayed, the Base Alternative is applied.

This method of creating alternatives allows the optimum timing of major treatments to be
investigated, and therefore provides a wider choice of section-alternatives for analysis under
budget constraint. If it is not possible to choose an alternative for a section at the ideal
timing, then this method allows selection in another year still to occur.
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uiu HDM-4 - [Programme: 1. Works Programme] [_T&[x
B3 Workspace View Report/Chart Window Help _|&| x|
Define Atematives |
Programme
Details i~ Navigation Detail
=3 sl by Secton — || Analysis by Section » 010-101-000-1
- TR s Assirments B
- Bl e Base Atemative Altemative Name e L
e | Bl Perdoc 2010 {Post Inp. Maint )
Programme 1 Perodic 2008 Biase Allemative : 5
Pt i @} Perodic 2007 | |Periadic 2006 : g
- Budget | BJig Perodic 2008 | |Periodic 2007 2 o
Optimisation &g Periodic 2009 | |Periodic 2008 = :
= i EJud Perodic 2011 |_|Perindic 2009 . 4
@ S | i Perodic 2012 | |Peridos 2010 5 *
i i m-Jad Perodic 2013 | _|Periadic 2011 . 9
| m-Jig Perodic 2014 | |Peradic 2012 z :
- Periodic 2015 | |Perindic 2013 5 ’
 B-Jud Perodic 2016 |_|Perindic 2014 5 .
B Jad Perodic 2017 | |Periodic 2015 5 .
i -5 Perodic 2018 |_|Perindic 2016 5 i
{ E-Jud Perodic 2019 |_|Periadic 2017 5 .
B i Periodic 2020 | |Perindic 2016 5 5
-5 010-102:000-1 | |Perodic 2019 . ;
5= 010-103-000-1 | |Periodic 2020 = .
i B 010107000 i e e
-5 010-108-000-1
-5 010-110-000-1
g 010-111-000-1
-85 010-113-0001
010-115-529-1
B-55 010-115-567-1
B2 010-124-000-1 1]
B 010-127-000-1
B2 010760001
-5 010770001
B-55 010-80-000-1
% -5 010810001 |
B = &5 010-84-000-1 .
B85 010850001 4 e
== 010860001
ﬂ Closs rn == n1nonnon 1 ||| Add Atemative Copy Altemative...| Pasts Atemative Delete Atemative

|Dessiiption of the Progiamme Analysis

1.4 Generate Programme

1.4.1 Per

form Run

The destination of the outputs from the analysis are specified in the Run Set-up dialogue.
Options are available for the inclusion of the other models.

Run Setup

i ulti=rear Faveard Frogramme

) Berfarm i without econamic analysis
[Unconstrained Frogramme]

% Ferform i with econamic analysis
[Constrained Programme - required befare
budaet optimization)

— Life Cycle Analpsi

Basze altenative: I EBaze Alternative

I

— Run D ata Export D etail

W Exclude annual wehicle dats

W Enxclude wehicle peniod data

r— Model Inchuzsion
[~ EnergyBalance |~ Emissions

[~ Model acceleration effects

Include Accident Cogts In Economic Analysis

Lyerage accident eategory cost [in thousands
of: M alaysian Hinggit]:

Eatal: |0 Damage: |0
jur: ID Al aceidents: ID
— Log File

[~ Wwiite Log file

—&zzet valuation

[~ Perform run with asset valuation

— Run Data Export Directory

ID:\Greg\HDM-4\Case Studies\EngiAunData

Browse... |

o]

Cancel |

[To reduce the size of the exported run data omit the Vehice data
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Clicking ‘Start’ executes the run and enables the results of the unconstrained programme
analysis to be viewed.

1.4.2 Unconstrained Programme

Having completed the run, the Unconstrained Programme can be viewed by pressing the
associated tab.

W workspace View Report/Chart Window Help =] =l
O Ere:ign;mme Perform Run  Unconstrained Programme |
Details Budgst Seenania: |I_Incnnst|ained Programme j
- i'r;:;gim Life Cycle Analysis - peformed at 12-07-2006
. T Cost | Recurent Capital et
— Road Section Fioad class Length | SADT Pavement Road Works r'ear mii] Cum. Cost Cum?[ﬁost MPY/CAP —
l# Programme 010-94-930-1 Shart Primary ar Trunk 0.01 8256 Bituminous Recon@ B WLLE 2008 0. = 0.00 1.98
010-84-000-1 Primary or Trunk 051 8628 Bituminous Thin Overay » 451 2007 0.04 - 0.04 1243
- ESE;Q 010-127-000-1 Primary ar Trunk 1.16 13070 Bituminous | Thin Overday > 451 2007 0.15 - 013 9.06
Optimisation 010-30-000-1 Primary ar Trunlk 052 9016 Bituminous Thin Overay > 451 2008 0.05 - 024 10.47
) 010-109-000-1 Primary ar Trunk 0.9 14273 Bituminous | Thin Overday > 451 2009 0.03 - 0.33 14.40
Generats 010-86-000-1 Primary ar Trunlk 345 9846 Bituminous Thin Overay > 451 2010 0.28 - 061 14.22
Reports 010-92-000-1 Shart Prirnary or Trurk 0.09 9846 Bituminous Thin Overday > 451 2010 0.0 - 0.62 1355
010-7&-000-1 Primary ar Trunlk 0.68 9846 Bituminous Thin Oweray > 451 2010 0.06 - 0.68 13.07
010-115-567-1 Primary ar Trunk 8.39 14915 Bituminous Thin Overday > 451 2010 0.78 - 1.45 1251
010-92-273-1 Primary ar Trunlk 1.72 9846 Bituminous Thin Oweray > 451 2010 017 - 1.63 10.82
010-101-000-1 Primary ar Trunk 0.71 10289 Bituminous Thin Overday > 451 2011 0.06 - 1.69 13.66
010-85-000-1 Primary ar Trunlk 0.51 10283 Bituminous Thin Owveray > 451 2011 0.04 - 1.73 12.84
010-80-000-1 Primary ar Trunk 0.50 10289 Bituminous Thin Overday > 451 2011 0.04 - 1.77 12.78
010-81-000-1 Primary ar Trunlk 2.97 10283 Bituminous Thin Owveray > 451 2011 0.26 - 2.03 1277 ]
010-97-000-1 Primary or Trunk 368 10289 Bituminous Thin Oveday » 451 2011 0.32 - 235 12.58
010-77-000-1 Primary ar Trunlk 2.45 10289 Bituminous Thin Owveray > 451 2011 0.22 - 287 12.20
010-96-000-1 Primary or Trunk 0.51 10289 Bituminous Thin Oveday » 451 2011 0.05 - 262 10.44
010-94-000-1 Primary ar Trunlk 0.99 10283 Bituminous Thin Owveray > 451 2011 0.07 - 289 10.21
010-91-000-1 Primary or Trunk 0.99 10289 Bituminous Thin Oveday » 451 2011 0.11 - 2.80 9.80
010-107-000-1 Primary ar Trunlk 1.98 15586 Bituminous Thin Overay @ 31F 2011 0.16 > 296 9.69
010-115-523-1 Primary or Trunk 0.04 15586 Bituminous Structural Overlay & 2011 0.0 - 297 .94
010-111-000-1 Primary ar Trunlk 1.93 15586 Bituminous Thin Overay @ 31IF 2011 0.17 > 314 8.36
010-113-000-1 Primary or Trunk 2.52 15586 Bituminous Structural Overlay & 2011 0.51 - 365 831
010-110-000-1 Primary ar Trunlk 1.00 15886 Bituminous Structural Overlap G 2011 0.18 > 3.83 77
010-124-000-1 Primary or Trunk 2.98 15586 Bituminous Thin Oveday & 31IF 2011 033 - 416 7.02
010-95-000-1 Primary ar Trunlk 0.57 10752 Bituminous Thin Owverlap > 451 202 0.05 - 4.21 9.80
010-127-000-1 Primary or Trunk 116 16288 Bituminous Thin Overday & 31IF 2012 015 - 436 9.06
010-102-000-1 Primary ar Trunlk 0.71 10752 Bituminous Thin Owverlap > 451 2012 0.08 - 4.42 7.98
010-103-000-1 Primary or Trunk 387 10752 Bituminous Thin Overday » 451 2012 0.35 - 477 6.22
+ 5 010-92-086-1 Primary ar Trunlk 0.19 10752 Bituminous Thin Owverlap > 451 202 0.03 - 4.80 411
m Close Manual assignment | ™ Display recumert works

|Selecl a Budget Scenario from the list to show its \Work Programme

The screen displays the selected sections and treatments for the section-alternative, one per
section, which has the highest NPV. This can include the base case, which by definition has
a NPV of zero, or a particular section with a positive NPV. Key parameters shown include
the treatment year, capital cost, cumulative capital costs and NPV/CAP, the latter being the
preferred prioritisation indicator for capital budgeting.

In this screen the following two options can also be selected:

= Select sections for Manual assignment (shown in the bottom left of the screen). This
allows works which have an NPV of zero or greater to be selected as committed works
and the budget reserved for their treatment. Where budget optimisation is performed the
total value of the works for these sections is removed from the available budget prior to
performing budget optimisation.
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= Selecting Display recurrent works (shown in the bottom right of the screen) shows the
treatments and associated costs for all recurrent works in addition to the capital works.

It is useful at this point to scroll through the active screen and note the capital budget
distribution by year as this will be important for assessing investment needs and for budget
optimisation purposes.

1.5 Perform Budget Optimisation

1.5.1 Define Budget

For this case study the year-by-year cumulative unconstrained capital budget is summarised
in Table F1.2. A total of 10.52 million is required to cover the captal costs of the prioritised
works. Three budget scenarios are also shown which require approximately 90%, 75% and
50% of the unconstrained budget over a period of 15 years. These budet scenarios will be
considered, together with an unconstrained budget of 11 million, in the budget optimisation
procedure.

Table F1.2
Capital Costs and Budget Scenarios
Cumulative Need Budget Scenario
Year Capital Cost i:(rji%?jt for
(millions) Period 90% 75% 50%
2006 0.00
1 A . . :
2007 019 0.19 0.5 0.5 0.5
2008 0.24
2 14 . . :
2009 0.33 0 0-5 0-5 0-5
2010 1.63
2011 216 3 3.83 1 1 0.75
2012 4.80
2013 4.80
2014 .89 4 1.51 25 2 1.5
2015 5.67
2016 6.42
2017 6.57
2018 7.08 5 4.85 4.5 3.5 1.75
2019 8.67
2020 10.52
Total 9 7.5 5.0

The budget scenarios that are to be investigated need to be defined. These include a time
profile of the budget.
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v HDM-4 - [Programme: 1. Works Programme] M= S
¥ Workspace  View Report/Chart Window Help ==X
Defins Define Budget | Optimised Programme |
Programme
Detais ~Budget Scenarios
Number 4] Add Budget Scenaro
N s Selected™ Name e Budget NYW"E'
ematives Perinds ars £t Budget Seenaro.. |
¥ [f=%Long Tem J75% Long Tem Need 5 15
Generat Copy Budget § ..
A e e W Onconchaned | No budget conshiaint 1 15 .
¥ |50% Long Tem ... 50% Long Tem Need 5 15 Dt Budget Scanaro
Pefomn ¥ |530%Long Tem .. 90% Long Tem Meed 5 15 =
Budgat
Qptimisation
{72} Genemte
Reports
4 I+ ]
~Optimisation
E Optimisation
%y Setup
Perform Budget
Optimisation
&)
+ Analysis Stage:
| = Click-on Start to begin the analysis

ﬂ Close

[Budaet Periads for Pragramme & Stiategy Analysis

The three constrained budget scenarios have been split into 5 time periods as defined in
Table F1.2.

Budget Scenario Details - 75% Long Term Need

Mame: IFSX Long Term Meed

Diescription: IFEX Long Term Meed

r— Budget Detaik
| Inzert period
Start of year | End of year Capital Budgst = M
1 2 1500000 Append period |
3 4 0.500000
5 6 1.000000)_|
7 10 2.000000 =
11 15 2500000 = | - Delete periad |
The capital budget iz expressed in I—?5
millions of b alaysian Ringgit z .

()8 I Cancel |

|A unique name to identify the Budget Scenario

1.5.2 Optimised Programme

Having set up the budget scenarios, then the user needs to click on Perform Budget
Optimisation to produce the Optimised Programmes for each defined scenario.
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W workspace View Report/Chart Window Help =] =l
O Ere:ign;mme Define Budget Optimised Programme |
Details Budget Scenario:
Ak iﬁ:;givas Optimisation of aftes 7
Road Sect EDngoLanT,%.Izgn Ne=d || MT Pavement Road Works | r'ear Cost | Recunent Capital MNP /CAP =
- EFrrmm Unconstrained Programme AADT [m#f] | Cum. Cost | Cum. Cost
Programme 010-127-000-1 FTITETY TIFiF; 6 16288 Bituminous Thin Overay @2 31F 2012 0.15 = 245 9.06
010-110-000-1 Primary or Trunk 1.00 17021 Bituminous Structural Overlay @ 2013 018 > 267 935
# ESE;Q 010-109-000-1 Primary ar Trunk 0.98 17767 Bituminous Thin Oweray & 31F 2014 0.09 s 276 14.40
T 010-94-000-1 Primary ar Trunlk 093 11741 Bituminous Thin Overay > 451 2014 0.07 - 283 14.05
) 010-92-086-1 Primary ar Trunk 0.19 11741 Bituminous Thin Overday > 451 2014 0.03 - 286 5.81
@ Generats 010-102-000-1 Primary or Trunk 0.71 12270 Bituminous Recon @B MLLE 2015 0.29 > 315 315
Reports 010-84-000-1 Prirnary or Trurk 0.51 12822 Bituminous Thin Overday > 451 2016 0.04 - 319 1243
010-90-000-1 Primary ar Trunlk 0.52 12822 Bituminous Thin Overlay > 451 2016 0.05 - 3.24 10.47
010-107-000-1 Primary ar Trunk 1.98 19423 Bituminous Thin Overay & 31IF 2016 0.16 s 3.40 9.69
010-111-000-1 Primary ar Trunlk 1.93 19423 Bituminous Thin Overay @ 31F 2016 017 = 357 8.36
010-113-000-1 Primary ar Trunk 2.52 19423 Bituminous Recon @ 5IRIH." 2016 1.04 > 4.61 4.28
010-127-000-1 Primary ar Trunlk 1.6 20298 Bituminous | Thin Overay @ 31F 2017 0.15 > 476 9.06
010-86-000-1 Primary ar Trunk 345 14002 Bituminous Thin Overday > 451 2018 0.28 - 5.04 14.22
010-7&-000-1 Primary ar Trunlk 0.68 14002 Bituminous Thin Owverlap > 451 2018 0.06 - 510 13.07
010-92-2731 Primary or Trunk 1.72 14002 Bituminous Thin Overday » 451 2018 017 - 527 11.10
010-109-000-1 Primary ar Trunlk 0.93 22165 Bituminous | Thin Overay @ 31F 2019 0.03 > 536 14.40
010-101-000-1 Primary or Trunk 0.71 14632 Bituminous Thin Overay » 451 2019 0.06 - 542 13.66
010-92-000-1 Short Primary ar Trunlk 0.09 14632 Bituminous Thin Owveray > 451 2019 0.0 - 543 13.55
010-81-000-1 Primary or Trunk 297 14632 Bituminous Thin Overay » 451 2019 0.26 - 569 1321
010-97-000-1 Primary ar Trunlk 368 14632 Bituminous Thin Owerayp > 451 2019 0.32 - E.01 12.86
010-85-000-1 Primary or Trunk 0.51 14632 Bituminous Thin Overay » 451 2019 0.04 - 6.05 12.684
010-80-000-1 Primary ar Trunlk 0.50 14632 Bituminous Thin Overay > 451 2019 0.04 - E.09 12.78
010-77-000-1 Primary or Trunk 245 14632 Bituminous Thin Overday » 451 2019 0.22 - 6.31 12.55
010-96-000-1 Primary ar Trunlk 0.51 14632 Bituminous Thin Owveray > 451 2019 0.05 - E.36 10.44
010-91-000-1 Primary or Trunk 0.99 14632 Bituminous Thin Overday » 451 2019 0.11 - 6.47 9.80
010-95-000-1 Primary ar Trunlk 0.57 14632 Bituminous Thin Overay > 451 2019 0.05 - E.52 9.80
010-115-523-1 Primary or Trunk 0.04 22165 Bituminous Thin Overday & 31IF 2019 0.00 - 6.52 .94
010-94-000-1 Primary ar Trunlk 0.99 15290 Bituminous Thin Overay @ 2 1F 2020 0.07 = E.59 14.05
010-92-086-1 Primary or Trunk 019 15290 Bituminous Thin Overday & 31F 2020 0.03 - B.62 581
é & 010-94-990-1 Short Primary ar Trunlk 0.07 15290 Bituminous Structural Overlap & 2020 0.00 > E.62 1.98 =
== | [ [+
m Close Manual assignment | ™ Display recumert works

|Selecl a Budget Scenario from the list to show its \Work Programme

As can be seen in the screen for the 75% budget constraint, the cumulative capital costs of
6.62 million are within the budget constraint of 7.5 million.

1.6 Generate Reports

Having run the analysis it is now possible to Generate Reports and perform a similar check
of key reports to ensure the data inputs and modeling are as expected. These should be
examined and verified as any subsequent results are dependent on the performance of
individual sections, with results aggregated to represent the network.

For Programme and Strategy analysis case studies a wider selection of reports are available,
and examples of a selection of useful reports for the particular case study are given below.
The following screen shows the list of reports available in the Programme and Strategy
Analysis folder.
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u2# HDM-4 - [Programme: 1. Works Programme] HE S|
B3 Workspace View Report/Chart Window Help _|&| x|
Define Select Repots |
- p
D™ | - Fun Data Dirsctory
Specty [D-\Greg\HDWM-4\Case Studies\Eng\RunData
AR S
g Some | |2 e s
Programme [-(_] Deterioration [ Works Effects
—————— | ©-[] Road User Effects
Show report
m gﬁ‘g;g‘ F#-(] Enviranmental Effects I ;aﬂage,ﬂem
Optimisation| | (] Cost Streams and Economic Evaluation functiors
143 Programme & Strategy Analysis
» Generste i€} Optimum Section Alternatives {Constrained Budget)
Reports ;

{47 Optimum Section Alternatives (Unconstrained Budget)
7 Pavement Surface Condition Summary by Budget Scenario (Graph)
{47 Pavement Surface Condition Summary by Link 1D (Graph)
:-{ Pavement Surface Condition Summary by Road Class (Graph)
€7 Road Agency Cost Summary by Section {Graph)
147 Roughness: Average for Road Network by Budget Scenario (Graph)
4 Roughness: Average for Road Netwark by Link ID (Graph)
147 Roughness: Average for Road Network by Road Class {Graph)
1477 Roughness: Average for Road Network by Surface Class (Graph)
17 Speed Averages by Link ID (Graph)
147} Speed Averages by Pavement Surface Class (Graph)
¢} Speed Averages by Road Class (Graph)
147 Volume fCapacity Ratio by Link ID (Graph)
147 VolumefCapacity Ratio by Road Class (Graph)
7 volume fCapacity Ratio by Surface Class (Graph)
147 Work Programme Optimised by Section
¢ Work Programme Optimised by Year
147 Work Programme Unconstrained by Section
147 Wark Programme Unconstrained by Year
(] Input Data
B Multi Criteria Analysis
(] Asset Valuation

+
B Save

ﬂ Closa

[Select a report ta display

The Optimum Section Alternatives (Constrained Budget/Unconstrained Budget) report
presents the list of section-alternatives (one per section) chosen for each section as a result
of the constrained or unconstrained analyses as shown below.

H D M _ 4 Optimum Section Alternatives (Unconstrained Budget)

Study Name: 1. Works Programme
MGHWAY DEVELOPMENT & MANAGEMENT Run Datz: 12-07-2006

Currancy. Malaysian Ringagit {millions)

Saction Road Class Length  Surlce Inttial Allrnative 4verags  Discountsd Agency  Discountsd Agancy Na
[km| Class AMDT Desc. Roughnsss Finzncial Capitsl  Financlsl Recurrs v Presen
1R Costs Coste Valus
010-101-000-1 Primary or Trunk BRuminous 8256 Periodic 2006 36 aos aoz as3
010-102-000-1 Primary or Trunk Q710 BRuminous 8256 Periadic 2005 36 Q08 1] a4
010-103-000-1 Primary or Trunk 3870 Shuminous 8256 Periodic 2006 35 03 o
010-107-000-1 Primary or Trunk 1530 Bhuminous 12507 Periodic 2006 23 15 oS 119
010-108-000-1 Primary or Trunk 0980 BRuminous 12507 Periodic 2006 3z a1z am 140
010-110-000-1 Primary or Trunk 1000 BRuminous 12507 Periodic 2006 ) a1z a4 ar
010-111-000-1 Primary or Trunk 1930 BRuminous 12507 Periadic 2005 7 Q15 1] 108
010-113-000-1 Primary or Trunk 2520 Bhuminous a Periodic 2006 3o 035 o5 58
D10-115-521 Primary or Trunk 0040 BRuminous 12507 Periodic 2006 30 and am as
010-115-567-1 Primary or Trunk 8390 BhRuminous 12507 Periodic 2006 33 083 018 230
010-124-000-1 Primary or Trunk 2980 BRuminous a Periodic 2006 ) k] a4 171
010-127-000-1 Primary or Trank 1.160 BRuminous Q Periodic 2006 30 X e ) 197
010-76-000-1 Primary or Trunk 0630 BRuminous 8156 Periodic 2006 k1) L) ooz 036
G-77-000-1 Primary or Trk 2450 BRumbous 825%  Perodic 2006 36 a7 0% 176
010-80-000-1 Primary or Trunk 0500 BRuminous 8256 Periodic 2006 36 Lx] am 036
010-81-000-1 Primary or Trunk 2970 Bhuminous 8256 Periodic 2006 36 a1 008 z
010-84-000-1 Primary or Trunk 0510 Bhuminous 8256 Periodic 2006 36 %5 ilird 043
010-85-000-1 Primary or Trunk 0510 BRuminous 8256 Periodiz 2006 k1) % am
010-86-000-1 Primary or Trunk 3450 BRuminous 8256 Periadic 2005 35 az2s aos 303
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At the end of this report a summary is given for the complete set of selected alternatives,
including average IR, discounted capital and recurrent costs and the total Net Present Value
of the particular scenario. Summarising this data for each scenario enables a comparison
across scenarios to be made, on the assumption that a common base case has been
applied.

For the scenarios examined, a summary of the results is presented in Table F1.3.

Table F1.3
Summary of Constrained Budget Scenario Analysis
Scenario Average Piscounted Agency Costs NPV
IRI Capital Recurrent Total
Unconstrained 3.35 4.34 1.05 5.39 38.76
90% need 3.96 2.86 1.93 4.79 27.84
75% need 4.11 2.67 1.97 4.64 23.35
50% need 4.58 1.59 2.48 4.07 14.90

The results confirm the magnitude of the NPV is proportional to the investment cost.
However, a relatively similar NPV/C can be achieved where funds are lower, this being a
result of the optmisation process selecting the ‘optimum’ combination of section-alternatives
including timing options.

The Roughness: Average for Road Network by Budget Scenario graph presents the average
roughness weighted by length for each scenario.

(Gi;a,pm 1. Werks Programme

Run Datz: 14-07-2008

H D M _ 4 Roughness: Average for Road Network by Budget Scenario

HGHWAY DEVELOPMENT

Surface Class: Bituminous

Annual Average Roughness for each Surface Class of the Optimised Work
Programme (weighted by length)

6.5
6 /l/ “u —B-50% Long Term
T 55 Need
£ ' —B-75% Long Term
I 5 A Need
@ /lr/ ""JE'\I O 90% Long Term
( ]
@ 45 /J“fJ 1 Need
£ A,_ﬂﬁ*!!\, /.,/:] C T-Unconstrained
2 4 B N
5 il j p
mo 35 ] o Dt
G o} C =]
3 [u] 0 5]
25

2006
2007
2008
2009
2010
2011
2014
2015
2016
2017
2018
2019
2020
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The long term performance is shown to vary considerably depending on budget availability.
In this case, the unconstrained budget enables conditions to be held relatively constant over
a period of years, whereas in the other cases conditions worsen as the available budget
decreases. This information assists in examining the impact of budget constraints on road
users.

Reports such as the Work Programme Optimised (or Unconstrained) by Year (or by Section),
display the lists of physical works carried out. They are of practical benefit to those charged
with planning and implementing works and provide an indicative list of requirements.
Verification of the outputs should be undertaken on a selection of sections prior to accepting
the results of the analysis and commencing the project preparation stage.

HDM -4 Waork Programme Optimised by Year

Budget Scenario:

50% Long Term MNeed

50% Long Term Nesd

Year Section Road Class Length Surface Clas AADT Work Description HPVICAP Financial Cum.

{km] Costs Costs

2006 010-54-550-1 Short Primary or Trunk 0.0 Bituminous 8258 Recon @ 6 (VLL & M) 1582 0.004 0.004

2007 010-84-000-1 Frimary or Trunk 0.5 Bituminous 8628 Thin Overlay > 4.5 IRI (W 12.4285 0.039 0.042

010-127-000-1 Primary or Trunk 1.2 Bituminous 13070 Thin Overlay > 4.5 IRI [V 8.061 0153 0.158

2008 010-20-000-1 Primary or Trunk 0.5 Bituminous 8016 Thin Overlay > 4.5 IRI (W 10.486 0.048 0.244

2009 010-105-000-1 Primary or Trunk 1.0 Bituminous 14273 Thin Overlay > 4.5 IRI [V 14,259 0.086 0.320

2010 010-52-000-1 Short Primary or Trunk 0.1  Bituminous 8845 Thin Overlay > 4.5 IRI [V 13.548 0.006 0336

010-75-000-1 Primary or Trunk 0.7 Bituminous 2845 Thin Overlay > 4.5 IRI [V 13.088 0.087 0.382

20 010-101-D00-1 Primary or Trunk 0.7 Bituminous 10289 Thin Overlay > 4.5 IRI (W 13.665 0.058 10.451

010-85-000-1 Primary or Trunk 0.5 Bituminous 10288 Thin Overlay > 4.5 IRI [V 12.826 0.042 0.434

010-80-000-1 Primary or Trunk 0.5 Bituminous 10285 Thin Overlay > 4.5 IRl 12775 0.042 0.536

010-57-000-1 Primary or Trunk 3.7 Bituminous 10288 Thin Overlay > 4.5 IRI [V 12.578 0.322 0.859

010-115-525-1 Primary or Trunk 0.0 Bituminous 15585 Structursl Overay @ 4 IF £.5935 0.005 0.854

010-110-000-1 Primary or Trunk 1.0 Bituminous 15588 Structursl Overay @ 4 IF T.165 0.182 1.045

2012 010-85-000-1 Primary or Trunk 3.5 Bituminous 10752 Thin Overlay > 4.5 IRI (¥ 15.081 0.285 1.331

010-81-000-1 Primary or Trunk 3.0 Bituminous 10752 Thin Overlay > 4.5 IRI [V 13.208 0.260 1.550

010-127-000-1 Primary or Trunk 1.2 Bituminous 16288 Thin Overlay @ 3 IRI (=} 9.061 0.153 1.744

010-113-000-1 Primary or Trunk 2.5 Bituminous 16288 Structursl Overay @ 4 IF 8592 0.515 2.258

2014 O10-105-000-1 Primary or Trunk 1.0 Bituminous 17787 Thin Overay @ 3 IRI =+ 14.383 0.085 2.344

2015 010-52-085-1 Primary or Trunk 0.2 Bituminous 12270 Recon @ & {VL.L & M) 2788 0.078 2.42%

2016 010-54-000-1 Primary or Trunk 0.5 Bituminous 12822 Thin Overlay > 4.5 IRI (W 12.425 0.035 2.451

010-20-000-1 Primary or Trunk 0.5 Bituminous 12822 Thin Overlay > 4.5 IRI (W 10.486 0.048 2.508

2017 010-127-000-1 Primary or Trunk .2 Bituminous 20258 Thin Owerlay @ 3 IRI (=F 5.061 0.153 2862

2018 010-75-000-1 Primary or Trunk 0.7 Bituminous 14002 Thin Overlay > 4.5 IRI (W 13.088 0.057 2718

2019 010-85-000-1 Primary or Trunk 3.5 Bituminous 14632 Thin Overlay > 4.5 IRI (W 15.081 0.285 3.004
Applications Guide
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PART G STRATEGY ANALYSIS CASE STUDIES

1 CASE STUDY 1 - LONG TERM NETWORK NEEDS

1.1 Introduction

The subject of this strategy analysis is a network of state roads. Due to lack of funding in
recent years, the network is in generally poor condition exhibiting high levels of roughness
with many links being single or intermediate lane. There is a large backlog of works needed
to provide the service levels expected of this road network. The needed works encompass
periodic maintenance of those roads in good or fair condition, rehabilitation or reconstruction
of roads in poor condition and widening to two lane where traffic levels justify it.

This case study covers approximately 1,000 km of the road network, with the essential data
being inventory (in particular pavement width), traffic and pavement condition (roughness).

The objectives of the study are:

= Determine the network needs — the unconstrained optimum solution with no budget
constraints

= Examine the effects of constrained budgets over a 5-year period on network service
levels and the distribution of expenditure between maintenance, rehabilitation and
improvement works

1.2 Road Network

The network under study has a significant length of single (3 — 4 m) and intermediate (5 — 6
m) lane sections. Although most are of sealed standard, on many sections the surfacing has
deteriorated severely with roughness in excess of 10 IRI. Traffic levels range from a few
hundred to several thousand vehicles/day. The traffic mix contains a high proportion of two
wheelers, three wheelers and agricultural tractors. There is also a significant volume of non-
motorised traffic, mainly cycles and bullock carts.

A network matrix comprises a series of representative sections defined by ranges of the
parameters that are of the most significance to the study being performed. For this case
study the parameters selected to form the matrix are traffic volume (6 categories),
carriageway width (3 categories) and roughness (5 categories). Thus the network matrix
potentially comprises 90 (6 x 3 x 5) representative sections (network cells). However, some
combinations do not exist in the road network (e.g. high traffic levels on narrow roads). The
number of representative sections used in the analysis was 54, although all possible
representative sections were created in the Road Network.

Traffic

The distribution in terms of AADT for the six traffic categories used in this case study are
shown in Table G1 for both Motorised and NMT vehicle classes.
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Table G1.1

Traffic Categories

Representative AADT by Traffic Category

Vehicle Type 1 2 3 4 5 6
<500 500 - 1000 | 1000 - 2000 | 2000 - 5000 | 5000 - 10000 | > 10000

Two wheeler 184 427 997 2560 3372 6744
Three wheeler 3 11 45 95 713 1425
Car 25 66 145 287 715 1429
Jeep 37 97 149 332 664 1329
Minibus 3 19 36 47 197 394
Bus 19 53 126 226 387 775
Light truck 7 17 40 153 611 1221
Medium truck 18 107 118 431 1186 2373
Heavy truck 2 24 110 260 253 506
Truck/trailer 7 8 13 37 48 96
Tractor 54 106 215 274 1058 2116
Total Motorised 359 935 1994 4702 9204 18408
Animal cart 53 86 164 207 264 527
Bicycle 70 336 536 2035 2665 5331
Total NMT 123 422 700 2242 2929 5858
Roughness

The range and representative values for each of the five roughness categories are shown in

Table G1.2.

Carriageway Width

Table G1.2
Roughness Categories
Roughness (IRI)
Category Representative
Range
Value
1 <4 3
2 4-6 5
3 6-8 7
4 8-10 9
5 >10 12

Three carriageway width categories were used, representing single, intermediate and two

lane roads.

G1.3. There were no four lane roads in the network being studied.

The range and representative values for each category are shown in Table

Applications Guide
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Table G1.3
Carriageway Width Categories
Carriageway Width (m)
Category Representative Lanes
Range
value

1 <4 3.5 Single
2 4-6 5.5 Intermediate
3 >6 7.0 Two

1.3 Define Project Details

In the Define Strategy Details screen, the following tab pages may be displayed:
= General

= Study Sections

1.3.1 General

The information displayed in the General screen includes the study description, analysis

type, analysis period, the pre-defined Road Network and Vehicle Fleet, and the currency to
be used for the analysis.

sz HDM-4 - [Strategy: Long Term Network Needs]

[ Workspace View Report/Chart Window Help

NEES
Define General | Study Sections |
Strateay
Detals | Study Description: [
Spesty
. e
- Gererate Optimisation ( Maximiss NPY ¢ Masdmiss dIRI
Strategy method: ~
) Minimise ost for target IR
Perfom
- Budget Start year. (2006 Analysis period: |20 ars
Optimisation S Bralysis p i
Ay Ganerat Road Network: [P Network =
l/ R ;
Vehicls Flset: WP Vehicles
Curencies
Fleet. Indian Rupee =i = qutput camency
Works: Indian Rupee =i = output cumency
Network: [Indizr Fupes - =i = output cumency
Output: [indian Rupes ~|  Discount rate: [12 %
I
a8 =
4 o
Description of the Strategy Analysi

The optimisation method selected for this case study is Maximise NPV. The analysis period
is defined by the start year 2006 and a duration of 20 years (i.e. 2006 — 2025). The sections
to be analysed are in the Road Network entitled MP Network, to which the MP Vehicles have
been previously assigned as the Vehicle Fleet. The currency being used for this analysis is
Indian Rupees and the discount rate has been set to 12%.
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1.3.2 Study Sections

In this case study, 54 representative sections have been selected for analysis. Each
representative section was given an identifier signifying the traffic category, the roughness
category and the carriageway width category. Thus section TIR2W3 had the representative
values from traffic category 1, roughness category 2 and carriageway width category 3.

unit HDM-4 - [Strategy: Long Term Network Needs] M
[EE] Workspace View ReportfChart Window Help o []]
Define = Study'Ser:tmnsl
&
Details
Include i | Section Summary [ Teaffic Gronth ]
Jp Sty Study | D [ Desorpon | Class [ Pavement |
Atematives W Jr4REwW3  T4R5WS Secondayorman  Bituminous | MP
M |T4RSw2 | T4RSW2 Secondamormain  Biuminous | MP
- Generte ¥ | TARSw1  T4RSwI Secondayorman  Bituminous | MP
srategy W T4RAW3  TAR4W3 Secondarpormain  Bituminous | MP
W
Perforn ¥ T4Rdw2  T4R4w2 Secondayormain  Biuminous | MP
-~ Budget ¥ TaR4w T4R4w1 Secondary of main Bituminous  MP
Optimisation ® [T4R3wW3I | T4RIW3 Secondamormain  Biuminous | MP
L Generte ¥ |T4RIwW2  TARIwW2 Secondayorman  Bituminous | MP
§ Reparts ¥ TR T4RIwI Secondayorman  Bituminous | MP
= = | ¥ |TR2w3  TARZw3 Secondayormain  Biuminous | MP
¥ T4RZW2  THRZwW2 Secondayorman  Bituminous | MP
B T4RW3  T4RTW3 Secondamormain  Biuminous | MP
¥ |TIRSwW3 T3R5I Secondayorman  Bituminous | MP
¥ TIREW2  T3RSW2 Secondayorman  Bituminous | MP
¥ TIRSwW1  TIRSwWI Secondayormain  Biuminous | MP -
¥ TERMW3  TIR4WS Secondayorman  Bituminous | MP
®  [T3Rdw2 | TIR4wW2 Secondamormain  Biuminous | MP
¥ T3Rdw1 TIR4wl Secondayorman  Bituminous | MP
¥ TIRIW3  TIRIWE Secondayorman  Bituminous | MP
¥ TIRMA TIRIWI Secondayormain  Biuminous | MP
¥ T3RIWE  TIRZWIB Secondayorman  Bituminous | MP
®  [T3R2w3A | TIR2w3A Secondamormain  Biuminous | MP
¥ | TIRAWIA  TIRZwiA Secondayorman  Bituminous | MP
¥ TIRW3  TIRIWS Secondayorman  Bituminous | MP
¥ |T2ROwW3  TR5wW3 Secondayormain  Biuminous | MP
¥ ToREwW2  TzRBW2 Secondayorman  Bituminous | MP
®  [T2R9WIC | T2RSWIC Secondamormain  Biuminous | MP
¥ |T2RSwWIB | TzR5wiB Secondayorman  Bituminous | MP
¥ TIROW1A  TZRSwIA Secondayorman  Bituminous | MP 5
.| br]
- Assign Growth Set..| Select by Crtena... | View/Edt 5 | viewrEdt B o
B == sign Growth Set. elect by Criteria fiew/Edit Section. fiew/Edit Flest. Metwark: a5
—_ Copy Growth Set Unselect Al View/Edit Network..| Sude Tl
Show unsslected
E(n Close Bl Gioiei G [ Showun
Seclions selected for analysis

By double-clicking on the section gives access to the section details. However, the Traffic
Growth details can only be seen and edited through the Vehicle Fleets folder. To access
the Traffic Growth Sets that have been previously created, the user needs to open the
appropriate vehicle fleet (in this case MP Vehicles) in the Vehicle Fleet folder and click on the
Edit Traffic Growth Sets button which then displays the previously created sets.

Double-clicking on the appropriate set (in this case MP) displays the details of the traffic
changes over the analysis period. The MP traffic growth rate has been created with three
traffic growth periods; from year 1, from year 6 and from year 11.
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MName: IMP
Description: IMP

Motorised Growth Periods | Non-Motorised Growth Periods

Annual % Annual & Anni2]|  Add New Period...
Wehicle increase increase incre —_—
from year 1 | from year 6 | from y Edit Period...
M /cycle E£.50 5.90
3 wheeler RA0 500 Delete Period |
Car 14.50 14.00
Jeep E.00 475 T | Mote: years are
Miribusz 735 6.20 dheﬁned relEiti\r:f t:}:
the start year of the
B.us 7.90 810 amalysis in which
Light Truck 8.50 7.50 v | the traffic growth
5 0 ~ T LIJ st is used.
oK I Cancel

The section details are are described below.

= Definition

The representative section T3R5W1 is illustrated which indicates that the traffic on this
section is as detailed for category 3 (see Table G1.1), the roughness is 12.5 (category 5) and
the carriageway width category is 1. The carriageway width for this representative section is
3.5 m and the selected Speed Flow Type reflects this width.

The length indicates that there were a total of 48.6 km of this type of road in the network.
Note that the length of road is the total length of road in the network of this type, which is not
necessarily a continuous length.

Definition |Geome1ry| Pavement I Condttion I Other I Motorised Traffic I Non-motorised Traffic I Asset Valuation I
Name: [T3R5W1 Speed Fow Type: [SF3 |
1D: [T3R5WA Traffic: ow Pattem: [P 4|
Link Name: [MF Accident Class: [aC3 =l
Lin 1D: 1P Cimate Zone: [MP |
Length: [486 km Boad Class: ISecondary or main j
Cway Width: |25 m
Shoulder Width: (1 m Calbration Sat: [MP

Flow Direction: | Two-way 'I Calibration ttem: |PMC 4|

Surface Class: |Bituminous 'l Selected Calibration kem Summary

Pavement type: Iﬂsphalt Mix on Granular Base
Surface material: Iﬂsphaltic Concrete
OK I Cancel
LLabel for section

=  Geometry
The geometry characteristics were held constant for all representative sections.
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Definition  Geometry | Pavement I Condition I Other I Matorised Traffic I Non-motorised Traffic I Asset Valuation I

Bise + Fall: i Speed Reduction Factors
No. of rises +falls: |2— no./km T i 0.4 <= XNMT <=1
Superelevation: [25 3 Road sidefriction: [T 0.4 <= XFRI<=1
Avg horiz curvature: [15 deg/km XMT: I 04 <=XMT <=1
adral: (0.1 m/fs?

Speed |imit: [100 km/h
Speed limit enforcement: 1.1

Aftitude: |1 Doo m

OK I Cancel

\Average road rise plus fall (in mfkm)

= Pavement

The pavement characteristics were varied with roughness category. It was assumed that
sections with higher roughness would be older and have weaker pavement structures. The
roughness category for this section (T3R5W1) was the highest (IRl > 10), and thus the
pavement details indicate that the road was 20 years old in 2005, with no periodic
maintenance over the past 15 years.

Definition | Geometry Pavement |Cond'rtior1 I Cther | Motorised Traffic | Mon-motorised Traffic I Asset Valuation I

Surfacing — Strength
Calculated Dry season model parameters

SNP: |2.67 DEF: (140  mm

[11 % Structural Number: |2
Most recent surfacing thickness: l?;l}— mm I %
ubgrade :

Previous/old surfacing thickness: |5D mm

Ji- V= 8=l Asphalt Mix on Asphalt Pavement

Material type: I.&'sphallic Concrete

¢ Dry Season { Wet Season

Pravious warks (HDM-4 Work Types) [21 I Calculated SNP: ~ Calculate SHE... |
Last reconstruction or new construction:  |198%  year - Road base ffor stabilised base only)
Last rehabilitation {overay): |1950 year Base thickness: l— mm
e 1200 | Besilient moculus: |— GPa

Last preventative treatment: (1550 year

0K I Cancel

[Details of pavement construction

= Condition

A roughness of 12.0 has been used as the representative roughness for category 5. High
representative values for the other distresses were used in conjunction with this roughness
category.

Applications Guide
HDM-4 Version 2.0 G1-6



Part G Strategy Analysis Case Studies

Definition I Gecmetryl Pavement Condition |Other I Motorised Traffic I Non-motorised Traffic I Asset Valuation I
Condition at end of year 2005
Roughress (IRl - mikm 12.00
All Stiuctural Cracks [%] 50.00
‘wiide Structural Cracks [% 25.00
Thermal Cracks [# 0.0
Ravelled area [ 25.00
Nurnber of Potholes [Mo. Ak 0.0
Edae break area [rf Ak 30.00
ean rut depth [mm| 20.00
Fiut depth standard deviation frm]| 6.00
T exture depth (mm 0.50
Skid resistance [SCRIM S0km/h 0.40
Drainage Fair hd
Cencel_ |
[rearly condition data

= Other

All values were held constant for all the representative sections with the exception of
ELANES which was related to pavement width. A value for ELANES of 1 was used for single
lane sections, 1.5 for intermediate lane and 2 for two-lane roads.

Section: T3R5W1 [ %]

Definition | Geometry | Pavement | Condition ~ Cther | Motorised Traffic | Non-motorized Traffic | Asset Valuation |

—Ci ion (Bituminous only)
HHumber of lanes: I: Relative compaction: |55 =
r Shoulders {Concrete onby) r— Previous surface condition (Bituminous only)

Sk Area of all structural cracking: ID %

wfidth of widening: I: m Area of wide cracking: ID %

Transverse themmal cracks: ID noskm

r Drainage

Drain type:  |Shallow - soft j ELANES: |1

0K I Cancel

[Model seperate lanes for non-motorised traffic

= Motorised Traffic
The total motorised AADT on this representative section is 1994 and the AADT for the
individual vehicle classes are as listed for traffic category 3 in Table G1.1.
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Definition | Geometryl Pavement I Condition | Other  Motorised Traffic | Non-motorized Traffic | Asset Valuation |
Vehicle Fleet used for this section/network: |MP
3 wheeler 45.00 - Edit Year... |
Bus 126.00
Car 145.00
Heawy Truck 110.00
Jeep 1459.00
Light Truck. 40,00
M fopcle 997.00
Medium Truck 118.00
Minibus 36.00
Tractor 215.00
Trucktrailer 13.00
Total AADT: 1934.00 -
OK I Cancel
[Motorised Traffic

= Non-motorised Traffic
The non-motorised traffic is listed on this screen. The distribution of the NMT between carts
and cycles for this representative section is as listed in Table G1.1 for traffic category 3.

Section: T3R5W1 [ %}

Definition I Geometryl Pavement I Condition I Cther I Motorised Traffic  Non-motorised Traffic |Asset Valuation I

Vehicle Fleet used for this section/network: |MP

Survey Vear|| 2004 Edit Year... |
Cart 164.00
Cycle 536.00

Tatal AADT: 700.00

oK I Cancel

[Non-motorised Traffic

1.3.3 Asset Valuation

This case study contains asset valuation, allowing the asset value of the total network to be
estimated over time under different investment levels. To apply asset valuation in HDM-4,
inputs are required in both the section details and in the works items details. The asset
valuation screen from the section details is shown below.

Applications Guide
HDM-4 Version 2.0 G1-8



Part G Strategy Analysis Case Studies

Section: T3R5WL

Definition I Geometr'_.rl Pa\rementl Condition I Other I Motorized Trclﬁicl Non-motorised Traffic  Asset Valuation I

Replacement cost: IZ.??D23+DDS

r— Asset valuation method for Road Pavement Layers
¥ Condition based ¢ Production based

Initial roughness: 25 IRI {m.Aem)
Teminal roughness: |1 2 IRI {m.Aem)

Year asset component age defined for: IEDDS year

Azset Component gl Hesoi?gzls:talue Wil ff st cii?pii?t?;
CeellE] compaonent [%] EEIEAE year 2005

Road formation and sub-grade 5.00, 0,00 10,000.00 years 50.00) years
Road pavement layers B0.00 75.00
Footways, footpaths and 0.an 0.a0 0,00 pears 0.00) pears
cycle-ways(NMT lanes]
Bridages and structures .00 0.a0 50.00 years 25.00 years
Traffic facilities, signs and 4.00 n.aon 20,00 years 10,00 years
road furniture

MESAL: Milion Equivalent Standard fxde Loads, THGmm: Initial gravel thickness

All costs are in <Indian Rupee>

OK I Cancel

[tnitial roughness

For all the sections used in this case study, the condition based asset valuation method has
been chosen. Also in each case the initial roughness has been set to 2.5 IRl and the
terminal roughness to 12 IRI.

The replacement costs for the three categories of road used in this case study are
summarised in Table G1.4. The replacement costs in Table G1.4 are given on a per km
basis, whereas the costs in the asset valuation screen are the total costs for the section (i.e.
takes into account the length of the section).

Table G1.4

Replacement Costs

Single Lane Intermediate Two Lane
Total Cost (Rs/km) 5,700,000 8,200,000 9,900,000
Earthworks 5% 5% 5%
Pavement 60% 60% 58%
Footways etc. 0% 0% 0%
Bridges and culverts 31% 31% 33%
Road furniture 4% 3% 3%

As condition based depreciation is selected for the pavement component, values are not
needed for useful life and age as these are defined in terms of roughness. The value of 75%
for residual value of the pavement is to reflect the fact that the pavement structure will still
contribute to performance after maintenance (overlays) is applied. These remaining input
values used in this case study are summarised in Table G1.5.
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Table G1.5

Asset Valuation Data

Residual Value Useful Life Age in 2005
Earthworks 0% 10,000 50
Pavement 75% n/a n/a
Footways etc. 0% 0 0
Bridges and culverts 0% 50 25
Road furniture 0% 20 10

For maintenance standards, the only input relates to the pavement.
depreciation is used, the useful life of the item is not needed and the only input is residual

The asset valuation details required in relation to works standards are stored in the works
items/asset valuation tab page for each works item within a maintenance standard as shown
below. The exceptions are routine maintenance activities such as edge repair, which do not
require asset valuation details.

If condition based

For the maintenance standards used in this case study, the residual values for each works

Maintenance Works Item: 30mm Overlay E3
(General I Design I Intervention | Costs I Effects Asset Valuation |

Proportion of | Besidual Useful life of new wark
Aizzet Component the cost of walue of

niew work 7% | new work, %

Years ESAL
Road formatioh and sub-grade
Road pavement layers 100.00 25.00 0.00 0.0o
Footways, footpaths and cycle-waps(NMT lanes)
Proportion of existing aszet decommizsioned; I: Z
oK I Canesl Apply

|General maintenance works parameters

item are listed in Table G1.6.

Table G1.6

Works Items Residual Values

Works Item Residual Value
Overlays (20, 30, 40, 110 & 140 mm) 25%
Reconstruction (40 & 100 mm) 50%
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For improvement standards more comprehensive inputs are needed, as shown below.

Improvement Standard: Widen to 7m
General | Design | Intervertion | Costs | Construction | Pavement | Geometry | Efects Asset Valuation I
Propartion of | Residual Uizl vz ol e e
Azzet Component the cost of value of
new work % | new work %
ears ESAL
Fioad formation and zub-grade 10.00 100.00 0ao
Fioad pavement layers 90.00 50,00 0o 0.00
Footways, footpaths and cycle-waps(NMT lanes) 0.00 0.00 0.ao
Proportion of existing asset decommissioned: |5D A
ok | cance |
[Enter parameter values for different asset components

For the improvement standards used in this case study, the asset valuation details are
summarised in Table G1.7. The per cent of asset decommissioned has been set at 50% to
represent the removal and replacement of existing pavement layers.

Table G1.7
Asset Valuation Details for Improvement Standards
Proportion Residual Useful
of Cost Value Life
Earthworks 0% 0% 0
Reconstruction Pavement 100% 50% n/a
Footways etc. 0% 0% 0
Earthworks 10% 100% 0
Widening Pavement 90% 50% n/a
Footways etc. 0% 0% 0

1.4 Specify Alternatives

The types of roadworks applied in this case study were as follows:

= Renewal — thin overlay using various types of asphaltic material and thickness depending
on the level of traffic

= Rehabilitation — thick overlay

= Reconstruction — rebuilding of the base and surfacing layers, while retaining the existing
width

= Widening — rebuilding the sub-base, base and surfacing layers to a standard two lane
width of 7m

= Routine — patching potholes and edge repair
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The works items and the intervention criteria within each maintenance and improvement
standard are listed in Table G1.8.

Table G1.8
Works Items and Intervention Criteria
Works Type Standard Works Items Criteria
. Edge Repair Edge break > 1 m%/km
Routine

Patch Potholes Potholes > 10 no./km

20 mm Overlay | AADT <2000 & IRI<6

Renewal 30 mm Overlay | 2000 < AADT < 10000 & IRI<6

40 mm Overlay | AADT > 10000 & IRI<6

o 110 mm Overlay | AADT < 10000 & 5<IRI <12
Rehabilitation

170 mm Overlay | AADT > 10000 & 5<IRI <12

AADT <2000 & 5<IRI<6
20 mm Overlay | or
AADT <2000 & IRI<6 & 10<ACA<20

Maintenance 2000 < AADT < 10000 & 5<IRI <6

or

30 mm Overlay | 5500 < AADT < 10000 & IRI<6 & 10 < ACA <
20

Long Term
Maintenance AADT > 10000 & 5 < IRI < 6
Policy 40 mm Overlay | or

AADT > 10000 & IRI <6 & 10 < ACA <20

110 mm Overlay | 6 <IRI <12

Reconstruct— | A\ApT <500 & IRI> 12

40 mm surface

Reconstruct- | A\ApT > 500 & IRI> 12

100 mm surface

Pavement

Reconstruct 40 rgconstructlon IRI > 10
with 40 mm
surface
Improvement Pavement
reconstruction
Reconstruct 100 with 100 mm IRI > 10
surface

Widen to 7m Widento 7 m AADT > 1000

Alternatives that apply a maintenance or improvement standard are assigned to each section
with an effective year within the 5-year planning period. The Long Term Maintenance Policy
(LTMP) is assigned as the Base Alternative to each section after the 5-year planning period,
i.e. from year 2011.
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Not all standards need to be tested for all sections; for example, widening does not need to
be assigned to the lower traffic sections, the renewal alternative does not need to be
assigned to sections with high roughness, etc. The alternatives that have been assigned to
each section are listed in Table G1.9. Routine maintenance is applied to all the sections.

Table G1.9
Assignment of Maintenance and Improvement Standards

Section Renewal Rehab Recon 40 Recon 100 Widening
T1R1W1 - W3 Y
T1R2W1 - W3 Y Y
T1R3W1 - W3 Y
T1R4AW1 - W3 Y
T1R5W1 - W3 Y
T2R1W1 - W3 Y
T2R2W1 - W3 Y Y
T2R3W1 - W3
T2R4AW1 - W3 Y
T2R5W1 - W3 Y
T3IR1W1 - W2

T3R1W3
T3R2W1 - W2

T3R2W3
T3R3W1 - W2

T3R3W3
T3R4AW1 — W2

T3R4W3
T3R5W1 - W2 Y Y

T3R5W3 Y
T4AR1W1 - W2

T4R1W3
T4R2W1 — W2

T4R2W3
T4R3W1 - W2

T4R3W3
T4R4AW1 — W2

T4R4W3
T4R5W1 — W2 Y Y

T4R5W3 Y

<

<|<|=<|=<

<|=<|=<|=|=<|=<

<|<|=<|=<

<|=<|=<|=|=<|=<

The number of alternatives assigned to each section are listed in the screen below. The year
that the maintenance and/or improvement standards are applied can be viewed by
expanding the assignments in each section in the navigation menu. For example, for section
T1R1W1, the maintenance standard Renewal is applied in each year of the 5-year planning
period (i.e. 2006 to 2010 inclusive) together with the LTMP alternative the following year.
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sek HDM-4 - [Strategy: Long Term Network Needs] -E x|
[ Wiorkspace  View ReportfChart Window Help _18] %
Arematives |
- Navigation Detail
= — || Analysis by Section
E E%REW‘NW Ah Section Name Secal ([ Hinoeii e =
£ [i Base Atemative
[¥] 2006 : Routine TIRTW TIRTW1 3
[¥] 2011 : Long Tem Mai | ||| [T1RTw2 TIRTwW2 &
==l = REN_1 | |[T1R2w1 T1RZw1 1
- Eﬁg;!f [X] 2006 : Renewal || TiR2w2 TIRZW2 1
Optimisation [X] 2006 : Routine | |T1IR2w3 T1RZw3 1
| [2] 2007 - Long Term Wai | [||[_|T1R3w1 TIRIW1 6
T ot o B REN 2 | [TiRaw2 TIR3w2 6
Hepots [2] 2006 - Routine LGEDE] TIRTW3 6
[¥] 2007 : Renewal | [T1R4w1 T1R4w/1 5
[X] 2008 : Long Tem Mai | |TIRSwW1A TIRGW14, [3
=] REN3 |_|T1RgW2 TIRGw2 E
[¥] 2006 : Routine | |TIREwz TIRBW3 3
[¥] 2008 - Renewal | [T2R1w1 T2RTW1 ]
[X] 2009 : Long Tem Mai |_|T2RTwW2 TZR1W2 B
=58 REN_¢ || TeR2w1 T2R2w1 1
[¥] 2006 : Routine | |ToRzwz T2RZw2 1
[ 2009 : Renewal | |ToR2w3 T2R2W3 11
[¥] 2010 Long Tem Mai ||| |T2R3w1 T2RIw 3
=-Jif REN_5 | |TeR3w2 T2R3w2 3
[X] 2006 : Routine | |T2Rawa T2R3wW3 B
[¥] 2010 : Renewal | [ToRaw T2ZR4w1 3
[¥ 2011 : Lomg Tem Mai ||| |T2R4w2 T2R4W2 &
o8 TIRIW2 | |TeRaws3 T2R4w3 5
=[5 Base Atemative | |TeREw1A TZREW1A &
[X] 2006 : Routine | |T2R5w2 T2R5wW?2 B
[¥] 2011 : Lomg Tem Mai ||| |T2R5w3 T2RSW3 3
=-Jgf REN_1 | |T3RTW3 T3RTW3 E
[X] 2006 : Renewal | |TaRZw1a T3IRZW14 16
[¥] 2006 : Routine | [T3R2w3a T3R2W3A 1
3 [X] 2007 : Long Tem Mai | |T3R3w1 TaR3Iw1 11
= =B REN 2 BEENE I3 5
—_ D - T3R4w T3R4w/ 111
[¥] 2006 : Routine
ia a < ’ Copy Section’s Atematives| Paste Section's Atematives Detais
lose

|Description of the Strateqy Analysis

1.5 Generate Strategy

1.5.1 Perform Run

The destination of the outputs from the analysis are specified in the Run Set-up dialogue.
Options are available for the inclusion of the other models. When using asset valuation, the
box must be checked in Run Setup.

— tulti-rear Foward Frogramme————— — Model Incluzsion

€ Perfarm run without econamic analysis [~ EnergyBalance [ Emissions

[Uncanstrained Frogramme] [~ Model acceleration effects

{% Perfarm n with economic analsis . . .
[Corstrained Pragramme - required Before Include Accident Cozts [n Economic Analysis

byt opiim zatior) Syerage aceident categony cost [in thousands

of Indian Fupes]:

— Life Cycle Analysis

Basze alternative: IEage Alternative j Eatal; ID Damage: ID
jurys ID Al accidents: ID
—Run Data Export Detail

W Exclude annual vehicle dat= r— Log File

v Exclude vehicle period data [~ “wirite Log file

Azzet valustion

[V Perform min with asset valuation

Fiun Data Export Directory

ID:\Greg\HDM-dWolume 2vfersion 25FinalBunD ata Browse. . |
oK I Cancel |

[To reduce the size of the exported run data omit the Vehide data
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It is normal to exclude annual and period vehicle data as, if these are saved in the output file,
run time is much longer and the output file can be very large. This information would
normally only be saved if one wanted to check some of the details because the analysis
results are suspect. The export directory must be specified in order for the analysis to be
carried out.

Clicking ‘Start’ executes the run and enables the results of the unconstrained programme
analysis to be viewed.

1.5.2 Unconstrained Programme

Having completed the run, the Unconstrained Programme can be viewed by pressing the
associated tab.

ua HDM-4 - [Strategy: Long Term Hetwork Needs] HE E
Workspace View Report/Chart Window Help ===
& g'a’:{\:gy Perform Run  Unconstrained Programme: |
Detalls Budget Scenaro: [Unconsirancd Progamme v
- iﬁ:;gw% Life: Cycle Analysis - performed at 30-01-2006
p— sl Gzl ‘ Foadclass  |Length AK'ST Pavemenl| FoadWoks | Year [EmD;; Ej;“’éi’;‘t E\Er?gst NPVCAP =
Strategy T4RGwW1 JSecondary orMain 11.00 5033 Bituminous Widen to 7m 2008 71.23 - 71.23 718
TaREW1 Seconday orMain 500 5038 Bituminous Widento 7m 2005 3238 - 10361 577
NS ;ﬁgg;‘ TARSW2 Secondary or Main 580 5039 Bituminous Widen to 7m 2006 3756 a 14117 545
Optimisation| | T4R3w1 Secondaip orMain 590 5039 Bituminous Widento 7m 2008 |20 - 17337 437
- TaR#w2 SecondaiyorMain 200 5039 Bituminous 'Widento 7m 2005 1295 - 19232 404 =
@ Generate T4RGW3 Secondaiy orMan 640 5039 Biuminous Reconstuct 100 2008 41.44 - 23378 33
Regorts T4RFW2 Secondaryor Main 360 5033 Bituminous Widen to 7m 206 2331 - 25707 287
TaR2w2 SecondaiyorMain 560 5039 Bituminous 'Widento 7m 2006 3% - 29333 227
T3RGW1 Seconday orMain 4360 2139 Bituminous Widento 7m 2005 31468 - 60801 186
T3IRSW2 SecondaiyorMain 200 2139 Bituminous Widento 7m 2005 1295 - 62096 157
TIRMW Secondary orMain 1900 2139 Bituminous Widento 7m 2005 12303 - 743.99 118
T3RGW3 SecondayorMan 440 2139 Biuminous Reconstuct 100 2008 28.49 - 77248 1,04
TZRSW1A Secondary orMain 3690 1001 Bituminous Reconstuct100 2005 113.46 - 89194 097
TZRGW1B Secondary orMain 3690 1001 Bituminous Reconstuct 100 2008 113.46 - 1011.40 057
TZRSWIC Secondany orMain 3590 1001 Bituminous Reconstuct 100 2005 119.46 - 1130.86 097
TIRLwW2 SecondaiporMain 460 2139 Bituminous Widento 7m 2005 2979 - 1160.65 095
TIRGW1A Secondaiy orMain 4640 384 Biuminous Reconstuct 40 2008 71.46 - 123211 084
TIRSWIC SecondaiyorMain 4640 384 Bituminous Reconstuct40 2005 71.46 - 130357 084
TIRGW1B Secondarp orMain 4640 384 Biuminous Reconstuct 40 2008 71.46 - 1375.03 084
LEGET! Seconday or Main  27.20 2139 Bituminous Widento 7m 2005 17612 - 1551.15 067
T2RSwW2 Secondayorbain 120 1001 Bituminous Reconstuct100 2005 611 - 1557.26 042
TZRGW3 SecondaporMan 500 1001 Biuminous Reconstuct 100 2008 32.38 - 1583.64 026
TaR4w3 Secondary orMain | 050 5403 Bituminous Rehab 110mm 2007 125 - 1530.83 496
T4RIW3 Secondary orMain | 600 5403 Bituminous Rehab 110mm 2007 1499 - 1605.88 23
T4R2W3 Seconday or Main | 1360 5403 Bituminous 30mm Overlay 2007 880 - 1615.78 168
T3IR4wW3 Secondary orMain | 1.00 2236 Bituminous Rehab 110mm 2007 250 - 1618.28 130
TZR4w1 Seconday or Main | 2600 1073 Bituminous Rehab 110mm 2007 243 - 1650.77 1.25
T2R2w2 Seconday or Main | 1040 1073 Bituminous 20mm Overlay 2007 423 - 1655.00 115
3 TZR2w1 Seconday or Main | 4880 1073 Bituminous 20mm Overlay 2007 1264 - 166764 114
B =- TZ‘F\Z\JB Seconday or Main | 500 1073 Bituminous | 20mm Overlay 2007 268 - 1670.23 114 ' ';|
—_ 4 »
ﬂ Close e I™ Display recument works
Select 2 Budget Scenario fram the list ta shaw its Werk Programme

The unconstrained programme shows the alternative for each section that has the highest
NPV and is the optimum solution when there is no budget constraint. Key parameters shown
include the treatment year, capital cost, cumulative capital costs and NPV/CAP, the latter
being the preferred prioritisation indicator for capital budgeting.

In this screen the following two options can also be selected:

= Select sections for Manual assignment (shown in the bottom left of the screen). This
allows works which have an NPV of zero or greater to be selected as committed works
and the budget reserved for their treatment. Where budget optimisation is performed the
total value of the works for these sections is removed from the available budget prior to
performing budget optimisation.

= Selecting Display recurrent works (shown in the bottom right of the screen) shows the
treatments and associated costs for all recurrent works in addition to the capital works.

It is useful at this point to scroll through the active screen and note the capital budget
distribution by year, as this will be important for assessing investment needs and for budget
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optimisation purposes. The total budget needed to the five year plan (i.e. the cumulative
capital cost at the end of year 5 (2010)) is 2242 million. This figure can then be used to
examine various budget constraint scenarios in the budget optimisation procedure.

1.6 Perform Budget Optimisation

1.6.1 Define Budget

The budget scenarios that are to be investigated need to be defined. For this case study, the
analysis considers budget constraints only for the 5 years of the planning period. For years 6
to 20 an unconstrained budget is assigned.

uax HDM-4 - [Strategy: Long Term Network Needs] [_[&]x]
[1] Workspace View Report/Chart Window Help _[8]x
Define: Define Budget | Optimised Programme:
<P Strateqy I I
Details -~ Budget Scenaros
Humber ] #dd Budget Scenario.
B iﬁ“g Selected Mame Description Budget N;‘;";‘f:‘ —_
Smatves Perinds Edt Budgst Scenano...
Generate I ) 5 = Copy Budget Scenario.
B Gy ¥ Medum 3 20 =
—— M Low & El] e
Budget
Optimisation
/%y Generste
Reports

14l

« >

~Optimisation

E Optmisation

L5 Setup.
Perform Budget
Cptimisation

x

3 Analysis Stage:
Save Click-on Start to begin the analysis

A o=

Budget Periods for Programme & Strategy Analusis

Three budget constraint scenarios have been created in this case study; high, medium and
low. The high scenario budget level was obtained by taking the unconstrained five year total
(approx 2250 million) and splitting this total evenly between the five years — a more balanced
‘unconstrained’ solution. The medium budget was set at 75% of high and the low budget at
50% of high. An unconstrained budget was assigned for the remaining part of the analysis
period.

Budget Scenario Details - High ]
Marne: IHigh
Drescription: I
r— Budget Detail
| Inser period
Start of year | End of year Capital Budget wl

2 2 450000000 | Apeend period
3 3 450.000000
4 4 450.000000]_|
B B 450.000000 ;
5 20 5335959 apoopa| » | _Delete period |

The capital budget iz expressed in

millionz of Indian Rupee z |1'000223+DD?

ak I Cancel |

|A unique name to identify the Budget Scenario
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1.6.2 Optimised Programme

Having set up the budget scenarios, then the user needs to click on Perform Budget
Optimisation to produce the Optimised Programmes for each defined scenario.

v HDM-4 - [Strategy: Long Term Hetwork Heeds] [_ =] x
[[] Workspace View Report/Chart Window Help IR
Define Optimised Frogramme:
— B Define Budget  Op g |
Detais Budget Seenario -
- it":;gm Optimisation of altematives - performed at 30-01-2006
p— Road Section Roadclass  [Lengin | M1 | Pavenent | Roadworks | Year [Em°§; e | e Nwﬂ'u\i =
B e EEETH JSecondar orbain 580 5038 Biuminous Widen to 7m 2006 3756 - 3756 545
TARAWZ Secondam orMain 200 5033 Bituninous widen to 7m 005 1285 - 5051 404
g:z;g‘ T4REWE Secondary or Main 640 5039 Bituminous Reconstuct 100 2006 41.44 - .95 333
Dptimsation | |T3R5W1 Secondam orMain 4860 2138 Biuninous Feconstuct 100 2006 157.34 - 24329 268
- T4RZW2 Secondam orMain 560 5035 Bituminous widen to 7m 005 326 - 285,55 221 —
Generate T3REW2 Secondam orMain 200 2133 Bituminous widen to 7m 005 1285 - 290,50 157
Reports T3REWA Secondary or Main 440 2139 Bituminous Reconstuct 100 2006 2849 - 376,99 1.04)
T2R5W1A Seconday o Main 3590 1001 Bituminous Fleconstuct 100 2006 11945 - 446,45 097
TdR4w1 Secondary or Main | 5.00 5403 Bituminous Widen to 7m 007 3238 - 478,63 598
T4R4W3 Secondary or Main | 050, 5403 Bituminous Fiehab 110mm 07 125 - 480,08 43
4RIV Secondary o Main | 590 5403 Bituminous Widen to 7m 07 |20 - 518,28 456
TR Secondary or Main | 19,00 2296 Bituminous Fiehab 110mm 07 34 - 542.02 407
T4RIW2 Secondary o Main | 360 5403 Bituminous Widen to 7m 007 233 - 565,33 295
T3RAW2 Seconday o Main | 460 2296 Bituminous Fiehab 110mm 07 80 - 574.36 256
T4RIW3 Seconday o Main | B.00 5403 Bituminous Fiehab 110mm 07 1488 - 520,35 233
T4RZW3 Secondary or Main | 1360 5403 Bituminous 30mm Overlay 07 88 - 533,25 168
T3RAWE Seconday o Main | 1.00 2296 Bituminous Fiehab 110mm 07 250 - £01.75 1.30
TR Secondary or Main | 26.00 1073 Bituminous Fiehab 110mm 07 3248 - 634,24 1.25
TIRZW2 Secondary or Main | 10,40 1073 Bituminous 20mm Overlay 07 4z - 638,47 1.15
T2RZW Secondary or Main | 48:80 1073 Bituminous 20mm Overlay 07 1264 - £51.11 114
TIRZW3 Seconday o Main | 5,00 1073 Bituminous 20mm Overlay 07 253 - 65370 114
TiRZW1 Secondam or Main | 5120 412 Bituminous 20mm Overlay 07 13 - 666,96 1.13
TIRZW2 Secondam or Main | 11.00, 412 Bituminous 20mm verlay 07 448 - 67144 111
TIRZW3 Secondam or Main | 2500 412 Bituminous 20mm Overlay 07 1285 - 62439 1.10
TIRZWIE Secondany or Main | 4570 2295 Bituminous 30mm Overlay 07 3400 - 7839 1.08
T3RZW 38, Secondary or Main | 4670 2296 Bituminous 30mm Overlay 2007 34.00 - 75239 1.08
TT1REW1A Secondary or Main | 46.40 412 Bituminous Reconstuct 40 2007 7146 - B2385 080
T1REW1B Secondary or Main | 4640 412 Bituminous Reconstuct 40 2007 7146 - 89531 080
3 T4RTWZ Secondary or Main - 1300 5795 Bituminous 30mm Overlay 2008 946 - 804 77 215
B - ﬂlﬂa\mc Secondaw orMain  46.40 442 Biuminous Reconstuct40 2008 7146 - 976,23 1.00 ' ';|
P — 4 »
E{n Close Tr e I~ Display recumert works
S elect 5 Budget Scenario from the st to show its Work Programme

As can be seen in the above screen, the cumulative capital costs for each year in the high
budget scenario (450 million/year) is not exceeded.

1.7 Generate Reports

Having run the analysis it is now possible to Generate Reports and perform a similar check
of key reports to ensure the data inputs and modeling are as expected. These should be
examined and verified as any subsequent results are dependent on the performance of
individual sections, with results aggregated to represent the network.

For Programme and Startegy analysis case studies a wider selection of reports are available,
and examples of a selection of useful reports for the particular case study are given below.
The following screen shows the list of reports available in the Programme and Strategy
Analysis folder.
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Ho# HDM-4 - [Strategy: Long Term Network Needs] -
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Define Select Reports |
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JG e MD \Greg\HDM-4\Case Studies\Eng\RunData
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(1 Road User Effects
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Optimisation
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Generste i€} Optimum Section Alternatives {Constrained Budget)
Reports 77 Optmum Ssction Alternatives (Unconstrained Budgst)

7 Pavement Surface Condition Summary by Budget Scenario (Graph)
{47 Pavement Surface Condition Summary by Link 1D (Graph)
:-{ Pavement Surface Condition Summary by Road Class (Graph)
€7 Road Agency Cost Summary by Section {Graph)
147 Roughness: Average for Road Network by Budget Scenario (Graph)
4 Roughness: Average for Road Netwark by Link ID (Graph)
147 Roughness: Average for Road Network by Road Class {Graph)
1477 Roughness: Average for Road Network by Surface Class (Graph)
17 Speed Averages by Link ID (Graph)
147} Speed Averages by Pavement Surface Class (Graph)
¢} Speed Averages by Road Class (Graph)
147 Volume fCapacity Ratio by Link ID (Graph)
147 VolumefCapacity Ratio by Road Class (Graph)
7 volume fCapacity Ratio by Surface Class (Graph)
147 Work Programme Optimised by Section
¢ Work Programme Optimised by Year
147 Work Programme Unconstrained by Section
147 Wark Programme Unconstrained by Year
(C] Input Data
([ Multi Criteria Analysis
#)-(C] Asset Valuation

=-E-F

+
B Save

ﬂ Closa

|Select a report ta display

The Roughness: Average for Road Network by Budget Scenario graph presents the average
roughness weighted by length for each scenario.

H D M _ 4 Roughness: Average for Road Network by Budget Scenario
(Gga)pm Long Term Network Needs

Run Diate: 14-07-2008

Surface Class: Bituminous
Annual Average Roughness for each Surface Class of the Optimised Work
Programme (weighted by length)
9
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E .
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Others are tabular and these can be exported and used for further analysis or summary
outside HDM-4 (e.g. in Excel).
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The report Work Programme Optimised by Section was exported and the analysis results
summarised to show the total cost and length of different categories of works over the five
years.
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These graphs show that, as the budget level is reduced, the proportions spent on
maintenance and improvement works remain broadly the same.

1.8 Asset Valuation Analysis

The asset valuation reports currently available in HDM-4 show annual asset value by section
for each section alternative generated. There is no summary reporting showing the total
asset value for the network. To obtain this information the relevant data from the output file
(rundata.mdb) must be extracted.

Figure G1.1 shows the change in the asset value of the total analysis network over the 5-
year planning period.
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Figure G1.1
Asset Valuation for the Budget Scenarios

Table G1.10 compares the increase in asset value with the total expenditure over the five
year period.

Table G1.10
Comparison Of Increase in Asset Value and Expenditure
Budaet Increase in Total Increase in Asset
Levgel Asset Value Expenditure Value as % of
(Rs million) (Rs million) Expenditure
High 1,416 2,064 69%
Medium 1,154 1,671 69%
Low 566 1,112 51%

The increase in asset value is less than expenditure. The asset as initially defined in the
road network includes components for bridges, road furniture etc. which depreciate over time
while no work is applied to these items by HDM-4 to enhance their asset value. At the same
time as maintenance and improvement is applied to different sections, the other sections are
also depreciating.

The results of the optimisation, presented earlier, showed around 70% of expenditure was for
improvement works (reconstruction and widening). It is this component that increases the
asset value. Maintenance works are simply keeping pace with depreciation of the pavement,
given an adequate budget. With a low budget, depreciation is more than maintenance
expenditure.
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