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ABBREVIATIONS AND DATA NOTES

AADT Annual Average Daily Traffic

ERR Economic Rate of Return

HDM-111 Highway Design and Maintenance Standards Model
HDM-4 Highway Development and Management Model

IRI International Roughness Index

NPV Net Present Value

ROCKS Road Costs Knowledge Systems

All dollar amounts are U.S. dollars unless otherwise indicated.
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1 INTRODUCTION

The Highway Development and Management Model (HDM—4)1 is a software system for evaluating
options for investing in road transport infrastructure. Worldwide, the HDM-4 model is most commonly
used as a basis for feasibility studies, in which a road project is evaluated in terms of its economic
viability. A more comprehensive type of evaluation based on HDM-4 is a network evaluation, which
assesses an entire road network to help decision makers in their strategic planning of road
investments and/or the definition of a rational road works program, with or without budget
constraints. A network economic evaluation is the most challenging use of the model, but the effort is
well justified given the potential savings to be achieved on transport costs by comparing various
project alternatives and performing an optimization under budget constraints.

This technical note presents the author’s experience applying HDM-4 and its predecessor, the Highway
Design and Maintenance Standards Model (HDM—III)Z, to road network strategic planning evaluations
in developing countries, with the objective of providing recommendations and tools to the readers who
are involved in strategic planning activities. The purpose of the evaluations, the methodology itself,
the input requirements, the challenges, and the presentation of results to decision makers are each
reviewed in turn.

The methodology described here attempts to take advantage of all the capabilities of HDM-4, giving
due attention to its limitations, and produce usable results. The examples provided represent actual
HDM-4 inputs and results obtained from many HDM-4 studies in developing countries in recent years;
they were selected from different studies to best illustrate a given evaluation step, but do not
otherwise represent a pattern or relationship.

1 Highway Development and Management Model (HDM-4)
http:// hdmglobal.com

2 World Bank Road Software Tools

http://worldbank.org/roadsoftwaretools/






2 HDM-4 MODEL EVALUATIONS

The objective of a project feasibility study is to assess its economic viability, ensuring that the project
yields positive net economic benefits as expressed by the Net Present Value (NPV), at a given discount
rate. In a project economic evaluation, two project alternatives are evaluated: a “without project
scenario” and a “with project scenario”. Annual road agency and road user costs are computed for
both alternatives over a defined evaluation period, and total costs to society are compared for the two
scenarios. The resulting stream of net benefits to society is used to compute the economic indicators
that help determine the project’s economic viability. It is desirable that more than two project
alternatives be evaluated per project, which permits the economic comparison of the project
alternatives and the recommendation that the project alternative that maximizes the project’s net
benefits (NPV) be implemented.

A network-level evaluation is typically used in cases where strategic planning of all roads is managed
by a road agency or in cases of programming of road works on candidate roads in fair and poor
condition. A network evaluation involves synthesizing the available network data, evaluating many
roads or road classes, evaluating different project alternatives per road, performing a budget
constraints optimization, and summarizing and presenting the results in a useful way.

Although HDM-4 includes a life-cycle analysis of the recurrent maintenance requirements of
different project alternatives, the model is not generally used for planning and programming of
recurrent maintenance road works, such as crack sealing, patching, or routine maintenance. The
model is used for planning and programming of capital activities, such as reseal, overlay,
reconstruction, wideninag, and new construction.

HDM-4 evaluates the performance of paved and unpaved roads; therefore, the model could be used to
evaluate a network comprised both of paved and unpaved roads. However, most strategic planning
evaluations reviewed by the author involved only the country’s network of paved roads. Some reasons
for this approach are that (i) typically there is little information on the condition and traffic load of
unpaved roads; (ii) in some countries, most unpaved roads are not managed by the main road
agency; and (iii) combining paved and unpaved roads in one single evaluation is methodologically
challenging due to the different nature of these roads. If one does perform a combined evaluation,
the “without project alternative” for the paved and unpaved roads need to be carefully defined so as
to avoid being biased in the benefits calculations.






3 STRATEGIC PLANNING ROLE IN A ROAD AGENCY

Strategic planning consists of evaluating an entire road network with aggregate data to provide a
macro view of the network and to help decision makers:

e Define the rational allocation of resources among networks, regions, different types of road
work and so forth;

e Calculate approximate quantities, costs, and benefits;

e Estimate performance outcomes;

e Gain insight into the impact of budget constraints; and

e Program their road works in a rational way.

A strategic planning study shows how budget constraints affect the road agency’s expenditures, the
costs to road users, the benefits to society, and the road network’s condition. The results of a
strategic planning evaluation typically include:

¢ An overview of the network’s current traffic load and condition;

e The routine maintenance, periodic maintenance, and rehabilitation needs under a “without
budget constraints scenario” and several “under budget constraints scenarios”;

e A comparison of the network net benefits for different levels of road agency expenditures
(reflected in different budget scenarios);

e The expected road condition and road user costs for different budget scenarios; and

e For each budget scenario, the solution catalog for each road class that maximizes the
network’s net benefits to society.

Getting an overview of the network’s current traffic load and condition does not require the use of
HDM-4. A series of network monitoring indicators are computed and current network statistics are
presented in graphical form. Table 3-1 presents an example of network monitoring indicators.
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Table 3-1. Example of monitoring indicators

Network Length

Road network length

Road network length that is unpaved

Road network length that is paved

Road network length that is paved

Network Density

Road network per thousand land area

Road network per thousand total population

Road network per thousand rural population

Road network per thousand vehicles

Road network per $ million GDP

Network Condition

Percentage of road network in good and fair condition
Percentage of paved road network in good and fair condition
Percentage of paved road network with roughness 4 IR, m/km,® or less
Paved roads average roughness weighted by km

Paved roads average roughness weighted by vehicle-km
Percentage of unpaved roads that are all-weather roads
Network Standards

Percentage of unpaved roads with 30 AADT* or less
Percentage of unpaved roads with 300 AADT or more
Percentage of paved roads with 300 AADT or less
Percentage of paved roads with 10,000 AADT or more
Network Utilization

Annual motorized vehicle utilization

Annual freight carried over road network

Annual passengers carried over road network

Average network annual average daily traffic

Network Asset

Current road asset value

Current road asset value as a share of maximum road asset value

Current road asset value as a share of GPD

Km

Km

Km
%

Km/1000 sq km
Km/1000 persons
Km/1000 persons
Km/1000 vehicles

Km/million $

%

%

%
IRI, m/km
IRI, m/km

%

%
%
%
%

Million vehicle-km
Million ton-km
Million pass-km
Vehicles/day

Million $
%
%

20,822
18,474
2,348
11.3%

172.08
4.16
10.41
138.81
4.53

27.7%

66.1%

50.1%
5.29
4.35
4.5%

63.5%
1.5%
4.0%
5.0%

2,481
6,027
13,447
326

929.0
80.1%
20.2%

Figure 3-1 shows an example of a network’s current condition and traffic statistics (distribution of

network length by roughness and traffic ranges), derived from actual network data.

3 International Roughness Index (IRl), measures the “bumpiness” of a road—the total anticipated vertical
movement a vehicle would experience over a given stretch of road, usually expressed in meters/kilometer; the

lower the value, the smoother the ride.

4 Annual Average Daily Traffic (AADT), the total volume of vehicle traffic in both directions of a highway or road for

a year divided by 365 days; it is a useful and simple measurement of how busy a road is.
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Figure 3-1. Current network condition and traffic statistics example
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The network costs, benefits, and performance are evaluated with HDM-4 under different budget
scenarios. Figure 3-2 presents an example of a typical efficiency frontier graph that shows the impact
of budget constraints on net benefits to society, where each point represents a budget scenario. It
shows that: (i) the recommended road agency capital expenditures are US$8.0 billion per year, with a
corresponding present value of net benefits to society of US$470 billion; and (ii) the net benefits to
society decrease only marginally if road agency capital expenditures are reduced to US$6.0 billion, but
the net benefits to society decrease considerably for expenditures below US$6.0 billion.

Figure 3-2. Example of impact of capital expenditures on benefits to society
Present Value of Society Net Benefits (Billion US$)

500

. *
450 M

*
400 +
*
350 4
300 4 ¢
250 ‘ ‘ ‘ ‘
0.0 2.0 4.0 6.0 8.0 10.0
Capital Expenditures per Year (Billion US$ per Year)

It is desirable to compare the budget scenarios in terms of benefits and costs to society. Table 3-2
presents an example based on the comparison of four different budget-constraint scenarios, involving
expenditures in years 1 through 5 equivalent to 75 percent, 50 percent, 25 percent and 5 percent of
the “practical unconstrained budget scenario” (100 percent) respectively. The latter is defined as the
budget scenario that evenly spreads the expenditures during the next five years and that maximizes
the NPV of the network. The table shows: (i) the network’s Net Present Value of benefits to society
(NPV); (ii) the present value of costs to the road agency, road users and society as a whole; (iii) the
present value of the losses to society resulting from budget constraints; and (iv) the benefit-cost ratio.
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For example, under the unconstrained budget scenario, it is estimated that each dollar of incremental
costs brings 5.1 dollars of incremental benefits.

Table 3-2. Economic comparison of different budget scenarios
Scenario Scenario Scenario Scenario Scenario
100% 75% 50% 25% 5%
61 M US$/year | 50 M US$/year | 34 M USS$/year | 17 M US$/year | 3 M US$/year
Net Present Value of Economic Society Benefits, NPV (M US$)
NPV 292 284 245 190 | 55
Agency 289 269 265 250 226
Road Users 4,755 4,783 4,826 4,895 5,055
Total Society 5,044 5,052 5,091 5,145 5,281
Present Value of Total Society Costs Losses Compared with 100% Scenario (M US$)
Losses 0 | 8 47 | 101 | 237
Present Value of Costs and Benefits Compared with Do-nothing Scenario (M US$)
Cost 70 50 46 31 7
Benefit 362 334 290 221 62
Benefit Cost Ratio 5.1 6.7 6.4 7.2 8.6

Budget constraint in years 1 to 5. No budget constraint in years 6 to 20.

Figure 3-3 illustrates the impact budget constraints can have on the total expenditures of a road
agency. The Figure shows total expenditures (in millions of dollars) required, during the periods
2006-2010 and 2011-2025, for different budget constraints in the period 2006-2010. Under the
“without budget-constraints scenario” (US$61 million/year from 2006-2010), US$305 million are
needed from 2006-2010 and US$174 million are needed from 2011-2025, while US$85 million are
needed from 2006-2010 and US$584 million are needed from 2011-2025 if expenditures only amount
to US$17 million/year from 2006-2010. The figures in the latter case represent a 40 percent increase
in the road agency’s total expenditures over the 20-year evaluation period compared to the former
case. The evaluation shows that by spending more now, the road agency will spend less in the future.

Figure 3-3. Example of impact of budget constraints on total road agency expenditures

800

@
D 00 | [2006-2010
S m2011-2025

Road Agency Total Capital Expenditures

61 M 50 M 34 M 23 M 17M 3M
US$lyear US$lyear US$lyear USS$lyear US$lyear US$lyear

Scenario
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Figure 3-4 illustrates the impact of budget constraints on a road agency’s annual expenditures. The
Figure shows road agency expenditures required, in US$ per km-year, during the 2006-2010 and
2011-2025 periods for different budget constraints in the period 2006-2010. The higher the budget
constraints (the lower the annual expenditures) from 2006-2010, the higher the annual expenditures
required from 2011 to 2025. Expenditures in the order of US$34 million/year more or less stabilize
next year’s (2006-2010) and future (2011-2025) annual expenditures.

Figure 3-4. Example of impact of budget constraints on annual road agency expenditures

16,000
14,000 1 o
12,000 A
10,000 -
02006-2010

8,000 -
W2011-2025

6,000 -

4,000 -

2,000 -

Road Agency Annual Capital Expenditures
(US$/km-year)

0

61 M 50 M 34 M 23 M 17 M 3M
US$lyear US$lyear USS$lyear USS$lyear US$lyear US$lyear

Scenario

Figure 3-5 presents an example of the percentage of the network in stable condition under different
budget scenarios in year 2010 and the current percentage in 2006. A network in “stable” condition
contains roads in good to fair condition that require routine or periodic maintenance only. Each
country defines the specific characteristics of these roads. In the example given, stable roads were
defined simply as roads with a roughness profile characterized by an IRI value under 4.5 m/km. In
other countries, surface distress indicators or deflections or traffic load could complement this
definition.

Figure 3-5. Example of a stable network

100%

90% -

80% - —

70% -

60% -

50% -

40% | —

30% -

20% A

Percent of the Netwofk on $table Cdnditioh in 2006 (19%|

Percentage of the Network on Stable
Condition in 2010 (IR<4.5)
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0% T T T T T
61 M 50 M 34 M 23 M 17M 3 M US$lyear
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Table 3-3 presents an example of a road condition forecast presenting the network utilization (vehicle-
km) and network length (km) in each road condition category (good, fair, or poor) per year for the
“without project budget scenario” and the “unconstrained budget scenario”. The table shows that
under the unconstrained budget scenario: (i) the proportion of the network length in good condition
(IRI, m/km<3.5) increases from 51 percent in year zero to around 75 percent in year four; and (ii)
the proportion of the network utilization (vehicle-km) in good condition increases from 60 percent in
year zero to around 83 percent in year four. Under the “without project budget scenario”, the
condition of the network in year four will be much worse—with the network length in poor condition
figure increasing from 2 percent to 18 percent and network utilization increasing from 1 percent to 13
percent. The network utilization per road condition category was found to be a better indicator than
network length per road condition category because it takes into account the number of road users
traveling on a given road condition category.

Table 3-3. Example of impact of budget versus no-budget
scenarios on network utilization and condition

Network Utilization (Vehicle-km) - Without Project Budget Scenario
YearO | Yearl Year2 Year3 Year4d

Good (IRI, m/km < 3.5) 60% 61% 61% 61% 60%
Fair (3.5 < IRI, m/km < 5.5) 40% 37% 35% 34% 27%
Poor (IRI, m/km > 5.5) 1% 2% 4% 5% 13%

Network Utilization (Vehicle-km) - Unconstrained Budget Scenario
YearO | Yearl Year2 Year3 Year4

Good (IRI, m/km < 3.5) 60% 63% 70% 76% 83%
Fair (3.5 < IRI, m/km < 5.5) 40% 37% 29% 23% 17%
Poor (IRI, m/km > 5.5) 1% 0% 2% 1% 1%

Network Condition (km) - Without Project Budget Scenario
YearO | Yearl Year2 Year3 Year4

Good (IRI, m/km < 3.5) 51% 52% 52% 52% 52%
Fair (3.5 < IRI, m/km < 5.5) 47% 44% 39% 38% 31%
Poor (IRI, m/km > 5.5) 2% 4% 9% 10% 18%

Network Condition (km) - Unconstrained Budget Scenario
YearO | Yearl Year2 Year3 Year4

Good (IRI, m/km < 3.5) 51% 54% 61% 68% 75%
Fair (3.5 < IRI, m/km < 5.5) 47% 44% 34% 28% 22%
Poor (IRI, m/km > 5.5) 2% 2% 5% 4% 3%

One of the most useful graphs for budget planning purposes is one that presents the development of a
network’s average roughness (as measured by its IRI-value) in the evaluation period, weighted by
network length or network utilization, under different budget scenarios.

Figure 3-6 presents the example of a network whose roughness is weighted by network utilization
(vehicle-km). It shows that: (i) around US$4.5 billion per year is needed to maintain the network in
the same road condition it is in today; (ii) the optimal level of capital expenditures is US$7 billion per
year, a level which will improve the network’s roughness to around 3.1 IRI in year six; and (iii)
without any capital expenditures on the network, the network roughness will increase to around 11.0
IRl in year six.
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Figure 3-6. Example of impact of capital expenditures on a network’s average roughness

Average Network Roughness (IRI)

14
12 .
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4 -
2
0 1 2 3 4 5 6 7
Year

The impact (of intervention or non-intervention) on the network’s condition over time can be
measured by the change in its IRl value (which quantifies a network’s degree of roughness) or any
other road condition indicator.

Figure 3-7 presents the network’s average surface distress area, with and without a project, along
with the percentage of the network in good, fair and poor condition—defined as a function of the
surface distress area.

Figure 3-7. Example of impact of a project on network condition
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Figure 3-8 presents an example of the impact on the network’s total road user costs, with and without
a project. In this example, road users save US$250 million over the next six years if a road
rehabilitation and maintenance project is implemented.

Figure 3-8. Example of impact of capital works on road users

2200

2100 4

2000 +

1900 +

1800 4

1700 + =
Road User Costs Savings = 205 M US$

1600 -

Network Road User Costs (M US$)

1500 4

1400 4

1300

2006 2007 2008 2009 2010 2011 2012
Year

=—Without Project == With Project

Once a given budget scenario is selected, one can summarize the resulting work program. Table 3-4
presents an example of allocation of expenditures per network type and per year for a given budget
scenario (US$34 million per year on average), which shows that 61 percent of the road agency’s
expenditures should be dedicated to works on international roads.

Table 3-4. Example of road works allocation of

resources
Recommended Road Works Allocation for 50% Budget Scenario (M US$)
Network 2006 2007 2008 2009 2010 Total | Percent
International 3475 2488 033 12.07 30.19 | 102.22 61%
National 0.23 10.10 2047 19.77 093 | 51.50 31%
Local 11.75 2.82 14.57
Grand Total 3498 3498 3254 34.67 31.12 | 168.28 100%

Table 3-5 shows an example of a road works program that specifies expenditures (in million US$) and
total length (in km) of the affected roads per type of road work and per year, for a given budget
scenario, which shows that: (i) the average expenditures are around US$315 million per year; (ii)
almost half of the expenditures are needed for 50 mm overlays; and (iii) the total length of the roads
affected will diminish in year 4, which will consist exclusively of 50 mm overlays. In this example, the
expenditures are more or less evenly distributed over time; one could evaluate a different budget
scenario, in which the expenditures increased over time, taking into account the ability of local
contractors to ramp up to meet the construction requirements.
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Table 3-5. Example of a road works program
Expenditures (Million US$)
Road Work Activity Year 1 Year 2 Year 3 Year 4 Total
Slurry Seal 1334 455 132.2 311.1
Overlay 25 mm 146.5 98.1 244.6
Overlay 50 mm 191.0 106.3 85.7 306.4 689.5
Overlay 80 mm 7.8 2.6 10.4
Total 332.2 300.9 316.0 306.4 | 1,255.6
Road Works (km)

Road Work Activity Year 1 Year 2 Year 3 Year 4 Total
Slurry Seal 6,804 2,322 6,746 15,872
Overlay 25 mm 3,077 2,061 5,138
Overlay 50 mm 2,354 1,310 1,056 3,774 8,494
Overlay 80 mm 64 21 85
Total 9,222 6,729 9,863 3,774 | 29,588

Table 3-6 presents a typical solution catalog optimized for a specific budget scenario, which is a useful
planning tool. For each road class, the catalog presents a recommended type of road work and its
optimal timing (identified by a “solution code”). In Table 3-6, the recommended road work is
identified by a code on the left of the solution code (O1, O2, etc.) and the optimal calendar year by a
code on the right of the solution code (Y1, Y2, etc.). Separate tables can present the corresponding
road agency expenditures and economic indicators (NPV, ERR, etc.) per road class.

Table 3-6. Example of a solution catalog

Total Bituminous Network (2-lane equivalent length, km)

Traffic Range Road Condition Range (Roughness, IRI, m/km)

(Vehicles/day) <3 3to4 4to5 5to6 6to8 >=8
1 to 200 Base Base Base Base
201 to 500 Base Base O3Y5 O0O3Y5 O5Y5 0O5Y4

501 to 1000 01Y6 02Y5 0O3Y2 03Y4 0O5Y3
1001 to 2000 01Y6 01Y3 0O3Y3 03Y3 04Y2
2001 to 4000 01Y3 03Y4 0O3Y1L O0O3Y1L 04Y1 0O4Y1
4001 to 6000 01Y2 02Y2 0O3Y1L O0O3Y1 04Y1

6001 to 10000 [02Y6 0O3Y4 O0O3Y1 04 Y1
> 1000- O3Y5 03Y2 04Y1 0O4Y1
Base: Base alternative Y1: Work in 2004
O1: Slurry Seal Y2: Work in 2005
02: Reseal 25 mm Y3: Work in 2006
03: Overlay 50 mm Y4: Work in 2007
O4: Overlay 80 mm Y5: Work in 2008
O5: Reconstruction Y6: Work in 2009

Another option is to present a similar table per road condition and traffic load, this time presenting the
appropriate road work per road class, from an economic point of view, assuming that the road works
are done in year 1. A second table can present the appropriate road work per road class if the
recommended road works are postponed by one year, a third table postponing the road works by two
years, and so on.






4 STRATEGIC PLANNING EVALUATION STEPS
Strategic planning of road works with HDM-4 involves the following steps:

e Collect all available road network data per homogeneous road section and enter it into a road
network database if needed;

e If road network data is not available per homogeneous road section, collect network
aggregate data instead;

e Analyze the road network database or the road network aggregate data to establish a
representative matrix of road classes;

o Define representative matrix cells’ length and other attributes;

e Identify possible country-specific types of road work and estimate unit costs of the identified
types of road work in financial costs and economic costs (net of taxes and subsidies);

e Define proper pragmatic project alternatives to be evaluated per matrix cell, considering the
condition and traffic load of the roads and current practices in the country;

e Establish country-specific road user costs;

o Define the planning period, evaluation period and discount rate;

e Enter input data into HDM-4 and run HDM-4;

e Evaluate different budget scenarios with HDM-4;

e Obtain from the HDM-4 output files, the raw results;

e Import the HDM-4 results into Excel and prepare output tables, charts and reports;

e |If a road network database is available, optionally, bring the results of the strategic planning
study into the road network database, for example, to produce maps of the results per road
section.

Figure 4-1 presents a flowchart of the above steps, which are presented in more detail in the following
sections. Annex 1 presents a case study of a strategy evaluation based on HDM-4 version 2.04.

4.1 Establishing a representative road matrix

Network data is collected on an aggregate level, without obtaining detailed information per road
section, and the evaluation is typically based on an analysis of representative road classes. Aggregate
attributes are typically collected for network length, surface type, traffic load, and road condition, and
assembled to characterize a series of typical road classes representing the network. If the network’s
total length is relatively small (less than 3,000-4,000 km) and there is a network database with
detailed information per homogeneous road section (traffic load, condition, surface type, etc.), then
the network can be evaluated on the basis of each homogeneous road section, without the need to
define a matrix of road classes. Evaluating homogeneous road sections yields more precise results,
but can become a cumbersome process if there are too many different road sections (>300),
particularly in the definition of project alternatives per road section, and it is not always feasible due
to the lack of a complete network database. The disadvantage of evaluating a matrix is the fact that
the results are not as precise because one characterizes each road class with averages of averages of
the road attributes.

15
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Figure 4-1. Strategic planning of road works flowchart
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Table 4-1 presents an example of road classes, which shows that: (i) the entire bituminous network
was evaluated and converted to a two-lane equivalent network length, (ii) eight traffic levels were
identified to reflect motorized daily traffic load, (iii) six road condition classes were defined exclusively
as a function of roughness, and (iv) of the 48 possible road classes, 41 road classes (the ones with a
length unequal to zero km.) were characterized and evaluated with HDM-4.

Table 4-1. Example of road classes for strategic planning evaluation
Total Bituminous Network (2-lane equivalent length, km)
Traffic Range Road Condition Range (Roughness, IRI, m/km)
(Vehicles/day) <3 3to4 4to5 5to6 6to8 >= g TotallPercent
1 to 200 161 93 143 77 474 1%
201 to 500 290 792 362 163 11 21| 1,638 4%
501 to 1000 1,659 2,371 993 92 77 5,191 12%
1001 to 2000 4,040 4,472 952 252 14 9,731 22%
2001 to 4000 5,445 4,060 1,005 21 2 8| 10,541 24%
4001 to 6000 3,808 2,050 117 12 9 5,996| 14%
6001 to 10000 4,449 1,587 134 10 3| 6,183 14%
> 10000 2,552 1,293 88 9 2 3,945 9%
Total 22,404 16,717 3,794 636 114 31| 43,697 100%
Percent 51% 38% 9% 1% 0% 0%| 100%

Table 4-1 is an example of a very simple network matrix where only traffic load and road condition are
considered. The size and structure of the network matrix varies from case to case and is a function of
the country, the network characteristics and available network data. To illustrate this point, Table 4-2
presents the road classes adopted for bituminous roads in different countries and shows that: (i)
surface type, traffic load and condition are common to most evaluations; (ii) sometimes, to define the
road condition, roughness is complemented by cracking or deflections or a surface distress index; (iii)
geographic region, number of lanes, road width, functional classification or percentage of trucks may
also be considered to better characterize the network; and (iv) the total number of possible road
classes varies. Surface type, roughness and traffic load are typically included as criteria to define road
classes because road user costs and user comfort are both functions of surface type and roughness,
and road user benefits and road deterioration are functions of traffic load. If the matrix definition
does not consider the number of lanes or the road width, the network length is expressed in two-lane
equivalent length, converting four-lane roads into equivalent two-lane roads.
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Table 4-2. Examples of road class categories

Country Road Class Categories No of Road Classes
Thailand Traffic, Roughness 48
Pakistan Surface Type, Traffic, Roughness, Cracking 120
Bangladesh Functional Class, Number of Lanes, Traffic, Roughness 630
Brazil (DNIT) Surface Type, Traffic, Roughness, Deflection 128
Brazil (Goias) Surface Type, Traffic, Roughness, Cracking 168
Brazil (Bahia) Surface Type, Traffic, Roughness 50
Kyrgyz Surface Type, Traffic, Roughness, Number of Lanes, Functional Class 750
Morocco Surface Type, Climate, Traffic, Roughness, Cracking, Width 648
Mexico (SCT) Surface Type, Traffic, Roughness, Cracking, Width 360
Mexico (Guanajuato) Surface Type, Traffic, Roughness, Deflection 100
Vietnam Surface Type, Number of Lanes, Traffic, Condition Class 252
Kosovo Traffic, Roughness, Cracking, Deflection 72
Chile* Surface Type, Traffic, Road Condition Class, Geographic Region 72
Honduras* Surface Type, Traffic, Roughness, Cracking 120
Lebanon* Surface Type, Traffic, Roughness, Road Width 112
Nepal* Traffic, Roughness, Surface Distress Index 80
Uruguay* Surface Type, Traffic, Trucks Percent, Roughness, Surface Distress 129

* HDM-III evaluation

The total number of road classes doesn't necessarily coincide with the road classes evaluated with
HDM-4 because a road class containing zero kilometers of the network is not included in the
evaluation. In the studies presented in Table 4-2, on average, 45 percent of the road classes had zero
kilometers. It is recommended that many road classes be defined, but to try to limit the evaluation to
less than 400 road classes, thus enabling the use of HDM-4 more precise EBM-32 optimization
algorithm, which cannot evaluate more than 400 road classes or road sections at one time. If more
that 400 road classes are defined in HDM-4, the model will still perform the optimization, but with a
less precise algorithm.

For a better optimization, one should have many road classes and, if possible, with broadly the same
order of magnitude of number of kilometers. When defining the traffic level thresholds, one can
adjust them in order to distribute the number of kilometers more or less evenly among traffic levels
but, when defining the road condition categories, one should not attempt to distribute the kilometers
evenly among these, as they should be defined purely on technical considerations. While several road
classes should be defined, one should avoid having road classes with a very small number of
kilometers (less than 5 or 10 kilometers) because they represent a very small percentage of the
network. In this case, it is better to combine them into another cell.

The definition of the road condition categories varies by country, as these are a function of the
network’s specific characteristics, current practices and available network data. Table 4-3 presents
some examples of road condition categories. Example 1 considers only roughness in five categories.
Example 2 considers roughness and deflections in eight categories and is tailored for a network with
roads characterized by low roughness and deflections. Example 3 considers roughness and cracking in
12 categories. In this case, it is important to include a category with zero cracking because that will
indicate to HDM-4 that the cracking progression has not yet started. Example 4 considers an overall,
subjective, condition index that varies from 1 (very good) to 5 (very poor). In this case, one can have,
for example, the following definition: (i) very good requires only routine maintenance; (ii) good
requires routine maintenance and preventive maintenance; (iii) fair requires routine maintenance and
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periodic maintenance; (iv) poor requires routine maintenance and partial reconstruction; and (v) very
poor requires reconstruction. Example 5 considers a combination of roughness or cracking, which is
not advisable because by combining the indicators one loses the individual characteristics of the road
condition. The definition of the roughness, cracking and deflection ranges varies by country and there
is no international standard for them.

It is possible to assign a label (for example, good, fair, poor) to each condition category (see example
1 in Table 4-3), but this should be done with care because typically this is associated with only one
road condition indicator (for example, roughness, cracking or deflection), which represents only one
dimension of the overall condition of the road. While one road may have low roughness and therefore
could be labeled in “good” condition, it could also have high surface distress or deflections requiring
rehabilitation works. If the road condition categories are defined with more than one road condition
indicator (examples 2 and 3 above), it is recommended not to assign a label (good, fair, poor, etc.) to
each condition category and to just identify them by letter (A, B, C, etc.).

Table 4-3. Examples of road condition categories
Example 1 Very Good IRl < 2.5 m/km Roughness
Good 2.5 m/km < IRl < 3.5 m/km Roughness
Fair 3.5 m/km < IRl < 6.0 m/km Roughness
Poor 6.0 m/km < IRl < 10.0 m/km Roughness
Very Poor IRl >= 10.0 m/km Roughness
Example 2 < 2.5 IRI, m/km Roughness and < 0.4 mm Benkelman Beam Deflection
< 2.5 IRI, m/km Roughness and >= 0.4 mm Deflection
2.5 - 3.0 IRI, m/km Roughness and < 0.4 mm Deflection
2.5 - 3.0 IRI, m/km Roughness and >= 0.4 mm Deflection
3.0 - 4.0 IRI, m/km Roughness and < 0.4 mm Deflection
3.0 - 4.0 IRI, m/km Roughness and >= 0.4 mm Deflection
>= 4.0 IRI, m/km Roughness and < 0.4 mm Deflection
>= 4.0 IRI, m/km Roughness  and >= 0.4 mm Deflection
Example 3 < 3.5 IRI, m/km Roughness and 0 % Cracks
< 3.5 IRI, m/km Roughness and 1 - 20 % Cracks
< 3.5 IRl, m/km Roughness and >= 20 % Cracks
3.5 - 5.0 IRI, m/km Roughness and 0 % Cracks
3.5 - 5.0 IRI, m/km Roughness and 1 - 20 % Cracks
3.5 - 5.0 IRI, m/km Roughness and >= 20 % Cracks
5.0 - 7.0 IRI, m/km Roughness and 0 % Cracks
5.0 - 7.0 IRI, m/km Roughness and 1 - 20 % Cracks
5.0 - 7.0 IRI, m/km Roughness and >= 20 % Cracks
>= 7.0 IRI, m/km Roughness and 0 % Cracks
>= 7.0 IRI, m/km Roughness and 1 - 20 % Cracks
>= 7.0 IRI, m/km Roughness and >= 20 % Cracks
Example 4 1-Very Good Subjective evaluation
2-Good Subjective evaluation
3-Fair Subjective evaluation
4-Poor Subjective evaluation
5-Very Poor Subjective evaluation
Example 5 < 2.5 IRI, m/km Roughness and < 5 % Cracks
2.5 - 4.0 IRIl, m/km Roughness  or 5 - 30 %Cracks
>= 4.0 IRI, m/km Roughness or >= 30 % Cracks
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Later, during the presentation of the results of the evaluation, one can define which road classes
should be considered in good, fair, poor condition, etc. It is possible to define different road condition
ranges for different paved surface types, for example, Asphalt Concrete or Surface Treatment Roads,
but it is better to use the same ranges for all surface types, provided the road condition categories are
not associated with a road condition label (good, fair, poor, etc.), such as in examples 2 and 3 above.
By doing so, one can compare the distribution of the network by road condition categories among
surface types.

4.2 Defining road class attributes

The number of kilometers in each road class can be obtained from: (i) querying a road network
database or a pavement management system, which yields the precise number of kilometers that are
needed for a refined evaluation; or (ii) from engineering estimates of the distribution of the network
length by surface type, traffic load, condition, etc., which yields estimates that are sufficient for an
approximate evaluation for broad planning purposes.

Once the number of kilometers is defined, the next step is to characterize each road class by defining
the HDM-4 road attributes that represent the average characteristics of the road sections that belong
to a road class. The HDM-4 road attributes can be roughly estimated based on engineering judgment,
characterizing HDM-4 inputs based mostly on aggregate data, or can be obtained from statistically
analyzing the data available in the road network database or pavement management system. If
aggregate data is used, the data is converted to HDM-4 inputs using corresponding default values.
Table 4-4 presents the HDM-4 road attributes, highlighting in bold the main road attributes.

In most cases, simple HDM-4 inputs based on aggregate data are used because, typically, detailed
data covering the entire network is not available. An effort should be made to quantify the key HDM-4
attributes of a road class, i.e., the length, width, pavement type, climate zone type, geometry type,
traffic load and traffic composition, roughness, deflection or structural number, cracking, raveling,
potholes, rut depth, pavement age and construction quality. Engineering judgment and HDM-4
defaults can be used to define the other HDM-4 inputs.
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Table 4-4. HDM-4 road attributes

Simple Aggregate HDM-4 Inputs

HDM-4 Inputs

Length (km)

Carriageway width (m)

Motorized traffic (AADT)

Traffic composition per vehicle type (26)
Last surfacing year (calendar year)
Pavement type

Climate zone type

Speed flow type

Traffic flow pattern type

Length (km)

Carriageway width (m)

Motorized traffic (AADT)

Traffic composition per vehicle type (%)
Last surfacing year (calendar year)
Pavement type

Climate zone type

Speed flow type

Traffic flow pattern type

Geometry type

Rise + Fall (m/km)
Horizontal Curvature (deg/km)

Structural adequacy type

Benkelman beam (mm) or FWD deflection
(mm) or structural number (#)

Most recent surfacing thickness (mm)
Previous/old surfacing thickness (mm)

Ride quality type

Roughness (IR1, m/km)

Surface condition type

All structural cracking area (%26)
Ravelled area (20)

Number of potholes (No./km)

Mean rut depth (mm)

All transverse thermal cracking area (%)
Wide structural cracking area (%)

Edge break area (m2/km)

Surface texture type

Texture depth (mm)
Skid resistance (SCRIM 50km/hour)

Road Works History

Last rehabilitation (calendar year)
Last construction (calendar year)
Last preventive treatment (calendar year)

Drain type

Drain type

Drain condition type

Drain condition type

Construction quality type

Construction quality type

Key HDM-4 road attributes in bold

4.3 Defining road class identification codes

Each road class needs an identification code composed of up to six characters. For a simple matrix
that is a function of surface type, traffic load and road condition, typically the following scheme of

identification codes is used:

First character assigned to the surface type, for example:

A for Asphalt Concrete Roads
S for Surface Treatment Roads
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Second character — a number — assigned to the traffic level, for example:

1 for O to 10 AADT

for 10 to 30 AADT

for 30 to 100 AADT

for 100 to 300 AADT

for 300 to 1,000 AADT

for 1,000 to 3,000 AADT
for 3,000 to 10,000 AADT
for 10,000 to 30,000 AADT

0O ~NO OO~ WN

Third character — a letter — assigned to the road condition category, for example:

A for < 2.5 IRI, m/km Roughness and < 0.4 mm Deflection

for < 2.5 IRI, m/km Roughness and >= 0.4 mm Deflection
for 2.5 - 3.0 IRI, m/km Roughness and < 0.4 mm Deflection
for 2.5 - 3.0 IRI, m/km Roughness and >= 0.4 mm Deflection
for 3.0 - 4.0 IRI, m/km Roughness and < 0.4 mm Deflection
for 3.0 - 4.0 IRI, m/km Roughness and >= 0.4 mm Deflection
for >= 4.0 IRI, m/km Roughness and < 0.4 mm Deflection
for >= 4.0 IRI, m/km Roughness and >= 0.4 mm Deflection

IO T mQgoOow

Following this system, road class A6B represents an asphalt concrete road with 1,000 to 3,000 AADT
with < 2.5 IRI, m/km roughness and >= 0.4 mm reflection. Another option could be to assign the
third and fourth character to the road condition, using the third character for the roughness and the
fourth character for the deflection. In this case, for example, the road condition characters could be
the following:

RX for < 2.5 IRI, m/km Roughness and < 0.4 mm Deflection

RY for < 2.5 IRI, m/km Roughness and >= 0.4 mm Deflection
SX for 2.5 - 3.0 IRI, m/km Roughness and < 0.4 mm Deflection
SY for 2.5 - 3.0 IRI, m/km Roughness and >= 0.4 mm Deflection
X for 3.0 - 4.0 IRIl, m/km Roughness and < 0.4 mm Deflection

TY for 3.0 - 4.0 IRI, m/km Roughness and >= 0.4 mm Deflection
UXx for >= 4.0 IRI, m/km Roughness and < 0.4 mm Deflection
uy for >= 4.0 IRI, m/km Roughness and >= 0.4 mm Deflection

4.4 Defining road works

For an economic evaluation, the total cost of road works has to be estimated in financial and economic
terms (net of taxes and subsidies) for all possible capital and recurrent road works that could be
executed on the network. The country’s design standards should support the road works to be
performed; for example, there is no point in testing 40 mm overlay if the minimum overlay in the
country is 50mm, unless one wants to use the evaluation to explore possible new design standards.

The number of capital types of road work evaluated is country-specific. While the minimum number of
types of road work evaluated for bituminous networks is generally three (surface treatment
resurfacing, asphalt concrete overlay and reconstruction), the maximum can reach more than 30 if
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different kinds of work, thicknesses, and other options are considered as well (with or without
improving shoulders).

Table 4-5, an example of capital road work costs defined in a Latin American country, shows that: (i)
different levels of periodic maintenance (P1 to P5) and rehabilitation (R1 to R2) were considered, and
(ii) different predominant work activities were defined per type of road work. It is recommended that
a 2-character code be assigned to each type of road work, which differentiates between periodic
maintenance and rehabilitation works.

Table 4-5. Example of road work costs
Financial | Economic
Work Class Type of road work Predominant Work Activity Code | US$/m? | US$/m?
Periodic Preventive Treatment|Slurry Seal 4 mm P1 1.74 1.31
Maintenance |Resurfacing with Single Surface Treatment 10 mm P2 2.07 1.55
Surface Treatment  |Double Surface Treatment 25 mm P3 4.22 3.17
Resurfacing with Asphalt Overlay 30 mm P4 7.68 5.76
Asphalt Concrete Asphalt Overlay 50 mm P5 12.14 9.11
Rehabilitation |Strengthening Asphalt Overlay 70 mm R1 18.02 13.52
Reconstruction Reconstruction 50mm AC/200mm GB| R2 16.71 12.53

AC=Asphalt Concrete, GB=Granular Base

It is good practice to present a list of types of road work commonly performed in a given country
(Table 3-6), following the road work classification given in the Road Costs Knowledge System (ROCKS)
(available at http://worldbank.org/roadsoftwaretools/ and presented in Annex 2), to compare the unit
costs of each type of road work in different countries. It is also good practice to present a bar chart of
the unit costs of each type of road work to highlight the fact that rehabilitation costs are much higher
than periodic maintenance costs. Figure 10 presents an example of this type of chart, showing
different overlay and reconstruction options for a country in Asia.

Figure 4-2. Example of unit costs of road work
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4.5 Defining project alternatives

The analyst has many options for defining the project alternatives in HDM-4 in relation to the timing of
the road works. More specifically, HDM-4 allows for the definition of condition-responsive and
scheduled project alternatives; for example, the maintenance schedule can be set up to execute an
overlay when roughness reaches 4.0 IRl (condition-responsive) or to execute an overlay every 15
years (scheduled).

Table 4-6 presents an example of condition-responsive and scheduled project alternatives. Purely
condition-responsive or purely scheduled project alternatives are not recommended because: (i) the
interval between roads works should change over time on account of traffic growth; (ii) in the course
of an evaluation period, the same types of road work typically should not be repeated (for example, if
one defines an alternative as 100 mm overlay when roughness reaches 4.0 IRI, the first overlay of
100 mm may be reasonable if the road needs strengthening, but another overlay of 100 mm as a
second capital type of work may be unreasonable).

Table 4-6. Condition-responsive and scheduled alternatives

Type of Project Project
Alternative (timing) Alternatives

Condition-Responsive | Execute Single Surface Treatment at 5% cracking
Execute Single Surface Treatment at 10% cracking
Execute Single Surface Treatment at 15% cracking
Execute Asphalt Overlay 50 mm at IRl = 3.5 m/km
Execute Asphalt Overlay 50 mm at IRl = 4.0 m/km
Execute Asphalt Overlay 50 mm at 4.5 IRI

Execute Asphalt Overlay 70 mm at 3.5 IRI

Execute Asphalt Overlay 70 mm at 4.0 IRI

Execute Asphalt Overlay 70 mm at 4.5 IRI

Scheduled Execute Single Surface Treatment every 5 years
Execute Single Surface Treatment every 9 years
Execute Single Surface Treatment every 12 years
Execute Asphalt Overlay 50 mm every 10 years
Execute Asphalt Overlay 50 mm every 15 years
Execute Asphalt Overlay 50 mm every 20 years
Execute Asphalt Overlay 70 mm every 10 years
Execute Asphalt Overlay 70 mm every 15 years

Execute Asphalt Overlay 70 mm every 20 years

The methodology proposed in this paper calls for an alternative way of defining project alternatives,
which consists of first identifying the possible types of road work in the country and next determining
which types of road work to evaluate for each road class as a function of its traffic load, condition and
other specific characteristics. For example, having identified the possible road works given in Table 4-
5, the types of road work selected could be: (i) preventive treatment or surface treatment resurfacing
for roads in good condition, (ii) surface treatment resurfacing or asphalt concrete resurfacing for roads
in fair condition, and (iii) strengthening or reconstruction works for roads in poor condition.

It is important that the selected types of road work per road class be feasible from a technical point of
view, yielding a reasonable design life, to produce realistic results. Each road work has a different
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design life estimated by the HDM-4 Model, for example, HDM-4 could estimate that a surface
treatment will last eight years, a 50mm overlay will last 15 years and a 70mm overlay will last 20
years. The purpose of the evaluation is to identify a recommended type of road work for each road
class, which translates to a recommended design life and level of investment, based on the road
condition, traffic characteristics and the network’s budget constraints. For example, even if a 70mm
overlay gives the longest design life, maybe under budget constraints the recommended road work is
a 50mm overlay with a shorter but still reasonable design life. It would be unrealistic and not
advisable to evaluate a 50mm overlay if the resulting design life is too short and impractical.

Under the methodology proposed in this paper, project alternatives are defined so that a given initial
capital road work is scheduled in a given calendar year, followed by a condition-responsive
maintenance standard that keeps the road in good condition after the initial capital road work is
executed. Typically, two to four road works are evaluated per road class and the HDM-4 analyst
schedules them to be executed in different alternative calendar years.

Table 4-7 presents an example of the definition of project alternatives following the proposed
methodology. In this example, a set of project alternatives are defined per road condition category;
in a more comprehensive study, the project alternatives could also have been differentiated by traffic
level. In this example, for roads in good condition, slurry seals and single surface treatments are
being scheduled in 2007 or 2008 or 2009 or 2010. If these good condition roads do not require these
road works so soon, another option could have been to postpone these works, for example, scheduling
the road works in 2009 or 2010 or 2011 or 2012 for the good condition roads. In this example, for
roads in fair condition, 50 mm overlays are scheduled in 2007 or 2008 or 2009 or 2010. Considering
that if one postpones the 50 mm overlay, a road might need a thicker overlay in the future, one could
have improved the definition of project alternative by scheduling, for example, 50 mm overlay in 2007
or 60 mm overlay in 2008 or 70 mm overlay in 2009 or 80 mm overlay in 2010.

By defining the project alternatives in this way, reasonable combinations of road work and timing of
road work are considered in the evaluation. HDM-4 only evaluates the project alternatives defined by
the user; accordingly, a different combination that was not defined by the user could yield a higher
NPV. Therefore, the definition of the project alternatives is critical for a good evaluation. One
approach taken to ensure a sound definition of project alternatives is to perform first a preliminary
evaluation that evaluates for each road class, all possible road works identified in the country,
occurring in year 1, even if some of them don’t make sense from a technical point of view. This
evaluation indicates the economically optimal road work on each road class and what are the road
works that are not economically justified, because of a negative NPV. This preliminary evaluation then
serves as a guide to select the few road works that will be evaluated per road class, including their
possible postponement. For example, one could select for a road class the road work with the highest
NPV and the road work next up in road work cost and the two road works next down in road work
costs.

The road works scheduled in different calendar years bring the road back to good condition. Therefore,
after these road works are executed, a condition-responsive maintenance standard is activated that
will keep the road in good condition over the rest of the evaluation period. This condition-responsive
maintenance standard could include recurrent works (like routine maintenance, drainage works and
patching) and, for example, a 50mm overlay when the roughness reaches 4.0 IRI. It would not be
realistic to expect that the future periodic maintenance will take place only a few years after the first
intervention. Consequently, a minimum reasonable interval in years should be defined between the
initial intervention and the next periodic maintenance road work. The optimal condition-responsive
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maintenance standard to be used could vary by surface type and traffic level; its definition can
therefore be the product of a separate HDM-4 study designed to determine the country’s optimal
maintenance standard for different road classes in good condition, for example, analyzing different
condition-responsive maintenance standards with different overlay-thickness and roughness trigger
thresholds. In the proposed methodology, when a specific road work is not scheduled in year 1, then
one also needs to specify the maintenance standard that will be implemented the years prior to the
execution of the road work, which typically includes only recurrent maintenance works.

Table 4-7. Schedule of first intervention alternatives

Project alternative

Road Condition Code |Description (First Road Work)

Good Condition O1lY1l [Execute Slurry Seal in 2007

O1lY2 [Execute Slurry Seal in 2008

01Y3 [Execute Slurry Seal in 2009

01Y4 [Execute Slurry Seal in 20010

02Y1 [Execute Single Surface Treatment in 2007
02Y2 [Execute Single Surface Treatment in 2008
02Y3 [Execute Single Surface Treatment in 2009
02Y4 [Execute Single Surface Treatment in 2010
Fair Condition 02Y1 [Execute Single Surface Treatment in 2007
02Y2 [Execute Single Surface Treatment in 2008
02Y3 [Execute Single Surface Treatment in 2009
02Y4 [Execute Single Surface Treatment in 2010
O5Y1 [Execute Asphalt Overlay 50 mm in 2007
O5Y2 [Execute Asphalt Overlay 50 mm in 2008
O5Y3 [Execute Asphalt Overlay 50 mm in 2009
05Y4 [Execute Asphalt Overlay 50 mm in 2010
Poor Condition 06Y1 [Execute Asphalt Overlay 70 mm in 2007
0O6Y2 [Execute Asphalt Overlay 70 mm in 2008
0O6Y3 [Execute Asphalt Overlay 70 mm in 2009
06Y4 [Execute Asphalt Overlay 70 mm in 2010
O7Y1 [Execute Reconstruction in 2007

0O7Y2 [Execute Reconstruction in 2008

07Y3 [Execute Reconstruction in 2009

0O7Y4 [Execute Reconstruction in 2010

Project alternatives include annual routine maintenance and patching during the evaluation period and a
condition-responsive 50 mm overlay at 4.0 IRI after the initial capital road work.

A limitation of HDM-4 is the fact that the HDM-4 budget optimization using the EBM-32 algorithm
cannot evaluate more than 400 different road classes and 17 project alternatives per road class. The
challenge then is to define the road classes and project alternatives within these constraints. If these
limits are exceeded, HDM-4 performs the budget optimization with a less precise algorithm. To
remain within the 17 project alternatives per road class and to maximize the number of road works
evaluated per road class, one typically considers one of the following options: (i) schedule four
possible road works in years 1, 2, 3 or 4 or three possible road works in years 1, 2, 3, 4 or 5 (short-
term evaluation to identify annual program); (ii) schedule four possible road works in years 1, 3, 5 or
7 (medium-term evaluation to identify biannual program); or (iii) schedule two possible road works in
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years 1, 2, 3, 4, 5, 6, 7 or 8. That way, the total number of project alternatives is 15 or 16 and the 16
th or 17" alternative is reserved for the “without project —alternative”.

The model compares the different project alternatives with a “without project alternative” that should
represent a “do the minimum scenario”, not a “do nothing scenario”. The proposed methodology
typically defines the “without project alternative” for bituminous roads to include recurrent works (for
example, routine maintenance, drainage works and patching) and a condition-responsive
reconstruction, triggered when the road is in poor condition (for example at 8 to 10 IRI), including an
extra condition ensuring that the reconstruction will not be done during the first six to 12 years of the
evaluation period—to avoid having a reconstruction done during the planning period in the “do the
minimum scenario”.

If one needs to show the consequences of doing nothing, one can include in the evaluation a
project alternative that represents doing nothing over the evaluation period (or doing just routine
maintenance and patching), but this alternative should be considered a new project alternative and
not the “without project alternative”.

4.6 Defining project alternatives’ names

HDM-4 produces many output results for each project alternative and evaluation year. To make it
easier to explore the results, it is fundamental in the proposed methodology to name each project
alternative systematically. It is recommended that the scheduled road work code (2 characters),
followed by the timing of the scheduled road work (2 characters), be put at the beginning of the
project alternative’s name, making it easier to identify the solution of each road class just by looking
at the alternative’s name. For example, if one project alternative would apply a slurry seal in 2009,
the project alternative’s name could be:

e “O1Y3 - Slurry Seal in 2009”, which indicates that the solution is to perform road work
“01” (Slurry Seal) in year 3 of the evaluation period “Y3”; or

e “0O109 - Slurry Seal in 2009”, which indicates that the solution is to perform road work
“0O1” (Slurry Seal) in year 2009 “09”; or

e “SSY3 - Slurry Seal in 2009”, which indicates that the solution is to perform a slurry
seal “SS” in year 3 of the evaluation period “Y3”.

The advantage of naming the project alternatives this way is that once we get the HDM-4 results into
Excel, the results may be summarized using Excel pivot tables. For example, Table 4-8 presents the
selected project alternatives for some road classes. In this case, one could easily compute in Excel
the costs and NPV distribution per road work type and year by extracting the road work code and the
year code from the project alternatives’ names and using Excel pivot tables.
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Table 4-8. Example of names for project alternatives
Road Project Cost NPV
Class Alternative (m US$) (m US$)
O2AY O1Y1 -Reseal 12 mm in 2001 0.08 0.4
0O5BX 03Y1 - Overlay 80 mm in 2001 1.64 6.63
T3CX 02Y2 - Overlay 50 mm in 2002 1.96 5.45
02Cz 03Y2 - Overlay 80 mm in 2002 0.43 1.11
T2AZ 01Y3 - Reseal 12 mm in 2003 0.01 0.02
02BY 03Y3 - Overlay 80 mm in 2003 0.27 0.74

4.7 Defining vehicle fleet characteristics and road user costs

HDM-4 estimates the benefits to society in terms of reduced costs to road users; therefore, economic
road user costs are characterized for a given country as a function of the vehicle fleet unit costs,
utilization and characteristics, and road characteristics. Table 4-9 presents a sample of the vehicle
fleet data required by HDM-4.

Table 4-9. Example of vehicle fleet data

Medium Light Medium Heavy Articulated Medium

Car Truck Truck Truck Truck Bus

Economic Unit Costs
New Vehicle Cost (US$/vehicle) 13,000 30,000 47,000 75,000 104,000 86,000
New Tire Cost (US$/tire) 58.00 164.00 275.00 319.00 343.00 278.00
Fuel Cost (US$/liter) 0.38 0.32 0.32 0.32 0.32 0.32
Lubricant Cost (US$/liter) 2.90 2.90 2.90 2.90 2.90 2.90
Maintenance Labor Cost
(USs$/hour) 5.00 5.24 5.86 5.77 6.60 5.17
Crew Cost (US$/hour) 0.67 5.29 5.29 5.79 6.11 4.94
Overhead (US$/year) 94 81 1716 2222 12084 267
Interest Rate (%) 12 12 12 12 12 12
Working Passenger Time
(USs$/hour) 2.20 0.80 0.80 0.80 0.80 0.80
Non-working Passenger Time
(USs$/hour) 1.10 0.50 0.50 0.50 0.50 0.50
Cargo Delay (US$/hour) 0.00 0.07 0.07 0.07 0.07 0.00
Basic Characteristics
Kilometers Driven per Year (km) 21000 48000 55000 74000 94000 85000
Hours Driven per Year (hr) 600 1300 1600 1900 2300 2000
Service Life (years) 11 10 11 11 11 9
Percent Private Use (%) 100.0 0.0 0.0 0.0 0.0 0.0
Number of Passengers (#) 2.0 1.0 1.0 1.0 1.0 30.0
Work Related Passenger-Trips (%) 75.0 0.0 0.0 0.0 0.0 75.0
Gross Vehicle Weight (tons) 1.2 4.6 10.1 20.0 35.6 9.5

Key HDM-4 vehicle fleet attributes in bold
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A road user costs sensitivity study has shown that the most responsive inputs to road user costs
benefits are: (i) new vehicle cost, (ii) kilometers driven per year, (iii) service life, (iv) maintenance
labor cost, (v) gross vehicle weight, (vi) fuel cost, (vii) new tire cost, (vii) number of passengers and
(viii) passenger time cost.

Table 4-10 presents an example of unit road user costs and composition computed by HDM-4 for a
given country in Latin America. While this example only includes four-wheel motorized vehicles, HDM-
4 can also be used to evaluate road user costs of motorcycles and non-motorized vehicles.

Table 4-10. Example of unit road user costs
Typical Road User Costs for Roughness = 2.0, US$/vehicle-km
Medium Light Medium Heavy Articulated Medium

Car Truck Truck Truck Truck Bus
Fuel & Lubricants 0.04 0.05 0.08 0.15 0.22 0.07
Tires 0.00 0.01 0.02 0.03 0.06 0.02
Maintenance 0.04 0.09 0.16 0.26 0.40 0.13
Crew 0.00 0.06 0.06 0.07 0.06 0.05
Depreciation & Interest 0.06 0.07 0.08 0.10 0.11 0.12
Time 0.04 0.01 0.01 0.01 0.01 0.24
Total 0.18 0.29 0.40 0.62 0.87 0.64

It is good practice to present the sensitivity of unit road user costs to roughness. For example, Figure
4-3 shows the sensitivity for seven vehicle types, with roughness varying from a paved road in good
condition (2 IRI, m/km) to a paved road in extremely poor condition (16 IRI, m/km).

Figure 4-3. Example of unit road user costs sensitivity
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4.8 HDM-4 calibration

Calibration of HDM-4 focuses on adjusting the road user effects—comprised of vehicle operating costs
and travel time—and the road deterioration and works effects. It is recommended that at least a
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Level 1 calibration of the model be performed, which determines the values of required basic input
parameters, adopts many default values, and calibrates the most sensitive parameters with best
estimates, desk studies or minimal field surveys. If possible a Level 2 calibration should be performed
that uses direct measures of local condition to verify and adjust the predicted capability of the model.
It requires a higher degree of data collection and precision than in a level 1 calibration, and extends
the scope. One should refer to Volume 5 of the HDM-4 documentation for information on calibrating
the model and the sensitivity of the main input parameters.

4.9 Performing budget constraints optimization

The strategic analysis is done to estimate the budget requirement for a given planning period.
Typically the planning period is defined as the initial three to six years of the evaluation period,
depending on the country’s budgeting process. It is recommended that the evaluation period be two
to three times the planning period, to be able to capture the future repercussions of budget
constraints during the planning period and because HDM-4 does not take into account that the
condition of the roads will be different at the end of the evaluation period. Typically, the evaluation
period is set to 20 years, also in part because the HDM-4 budget optimization using the EBM-32
algorithm is limited to a 20-year evaluation period.

The definition of the project alternatives as proposed in this paper includes the scheduling of road
work in specific years. Therefore, it is important that the initial road works be scheduled during the
planning period and that the future condition-responsive road works not be executed during the
planning period. It is also recommended that the reconstructions of the “without project alternative”
not be executed during the planning period either.

HDM-4 evaluates each road class and identifies the project alternative that maximizes the NPV of the
road class. The aggregation of the results for all road classes represents the theoretical unconstrained
budget scenario. Typically the unconstrained budget scenario will have a road work pattern that has
road work expenditures concentrated in the first few years. While this solution does maximize the
network NPV, it is difficult to implement from a practical point of view because the flow of
expenditures is not evenly distributed over the years.

The first step when performing a budget constraints optimization is therefore to find a practical
unconstrained budget scenario, in which the road expenditures are by and large equally distributed
during the planning period and the NPV is maximized. First one finds the HDM-4 unconstrained
budget scenario and the total expenditures needed during the planning period, for example the first
five years of the evaluation period. Next one imposes a budget constraint for each year of the
planning period, equal to the total expenditures found before, divided by the number of years in the
planning period, and a large budget for the rest of the evaluation period. It is assumed there will be
no budget constraints after the planning period. This does not cause substantial loss in network NPV.

An illustration should clarify the procedure outlined above. In Table 4-11, the planning period is 2006
to 2010, and the road works needed in this period under the “unconstrained budget scenario” amount
to US$337 million, of which US$194 million are concentrated in 2006. The practical unconstrained
budget scenario (100 percent) was computed by applying to HDM-4 a budget constraint of US$67
million per year (337 divided by 5) from 2006 to 2010 and an unlimited budget from 2011 to 2025.
The practical unconstrained budget scenario yields slightly less expenditures and a slightly lower
network NPV compared to the unconstrained budget scenario, but is easier to implement.
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Table 4-11. Example of comparison of road agency’s financial costs
Scenario Scenario Scenario Scenario Scenario
Unconstrained 100% 75% 50% 25%
Budget 60 M US$/year 49 M US$lyear 34 M US$l/year 17 M US$lyear
Year Total Financial Road Agency Capital Costs (M US$)
2006 194 67 52 35 17
2007 67 52 35 17
2008 61 45 33 17
2008 52 45 35 17
2010 138 54 53 31 17
2006-2010 337 301 246 168 87
2011-2025 128 174 248 435 584
Period Annual Financial Road Agency Capital Costs (M US$/year)
2006-2010 67 60 49 34 17
2011-2025 9 12 17 29 39

The second step is to evaluate other budget scenarios with lower expenditures during the planning
period, but keeping unconstrained the expenditures after the planning period. In Table 4-11, for
example, three other scenarios were evaluated: US$49 million, US$34 million and US$17 million per
year, which represent roughly 75 percent, 50 percent and 25 percent respectively of the practical
unconstrained expenditures.






5 SUPPORT FOR PROGRAMMING OF ROAD WORKS

The results of the strategic planning study, for a given budget scenario, can be related to
homogeneous road sections to support the decision making process on programming of road works
per homogeneous road sections, provided the strategic planning evaluation was based on a network
database of road information per homogenous road sections. The results per road class are related to
the individual road sections by the road class identification code that should be added to the road
sections database, as shown in Figure 5-1.

Figure 5-1. Example of the relationship between road sections and road classes
Road Sections Database Matrix of Road Classes
Road Length Road Road Length
Section km) Class Relation Class (km)  Results per Road Class
.................... 9.3 02AY O2AY 66.2
.............. 215 02AY f 02BY .
. 03BY
.............. 35.4 O2AY 05BX
............... 15.1 05BX T2AZ
........ 1 03BY T3CX
. T4BX
............ 30.9 T3CX
...... 5 02CZ
I |
1 1
| |
..... 10.7 T4BX
..... 0.8 T2AZ
....... 4.6 0O2BY

Once the strategic evaluation results are related to the homogeneous road sections, one can present
per road section: (i) section name and basic road characteristics, (ii)) recommended road work (overly,
reseal, etc.), (iii)) the timing (year) of the recommended road work, (iv) the financial cost of
performing the road work in that year, (v) the economic benefits of performing the road work (NPV),
and (vi) a priority index (NPV per road work cost) to sort the sections by economic priority.

Table 5-1 presents a typical useful table for programming of works. In this case, the financial cost
and the NPV are for the road section and not the total of the road class; therefore, one has to
compute the road section financial cost and NPV, adopting the same financial cost and NPV per km of
the corresponding road class results.
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Table 5-1. Example of programming of works

Road Length Width Traffic Rough. Road Recommended Cost NPV NPV/
Section (km) (m) (AADT) (IR) Class Road Work Year (M US$)(M US$) Cost
Villanueva - San Manuel 9.3 7.9 1333 3.2 O2AY Reseal 12 mm 2001 0.08 0.40 4.73
Occidente — El Portillo 35.4 7.3 1521 2.9 O2AY Reseal 12 mm 2001 0.32 152 4.73
Acceso a Guaimaca 1.0 6.7 2772 4.2 0O3BY Overlay 80 mm 2001 0.08 0.30 3.82
Alto Verde — Coyolito 30.9 7.3 1256 5.8 T3CX Overlay 50 mm 2001 196 545 2.78
Las Tapias — Mateo 5.0 7.3 1384 53 02CZ Overlay 80 mm 2001 0.43 1.11 2.60
Siguatepe. - Intibucca 10.7 7.5 2028 5.0 T4BX Overlay 80 mm 2002 094 310 3.31
Acceso a Morazan 0.8 8.5 960 3.5 T2AZ Reseal 12 mm 2002 0.01 0.02 273
Acceso a Truijillo 4.6 7.2 1437 4.9 02BY Overlay 80 mm 2002 0.27 074 271

The results of the economic evaluation, presented on Table 5-1, are a support element for the
definition of a candidate annual or 2-3 year rolling program. A final definition of the program is
typically done when the results of the economic evaluation are presented on different maps and other
aspects are taken into account, such as contracts packaging, economic development priorities,
balanced distribution of resources, and other strategic and political considerations. Once the final road
works program is defined, each road section is submitted to a project-level economic evaluation with
detailed project-level road characteristics data and refined cost estimates, complemented by a
sensitivity analysis.




6 STRATEGIC PLANNING CHALLENGES
This type of network evaluation presents the following challenges:

e Estimation of the network length corresponding to each road class is sometimes complicated by
the fact that traffic load, road condition data, and other road attributes typically are not collected
by the same road agency unit nor at the same time; therefore, the available data cannot be easily
combined and correlated.

e The characterization of each road class requires estimates of average values of roughness,
cracking, traffic load, surface age, deflections, and the like, with the biggest challenge being the
characterization of the road strength by the estimation of the road class average deflection or
structural number. Deflections are costly and time-consuming to measure, and often there is a
lack of knowledge regarding the network’s history, surface layers, and thickness.

e Road agencies must make a commitment to the evaluation of different road work alternatives per
road class. Generally, a road agency has a predefined technical solution matrix with one
recommended solution per road class, based on current practices or purely on engineering
considerations, without considering network budget constraints. The proposed methodology
suggests that more than one road work should be evaluated per road class, always making sure
that the proposed road works are feasible from an engineering point of view.

e The optimized economic evaluation (HDM-4) solution for a road class under network budget
constraints could differ from a recommended solution considering only technical aspects and
without considering network budget constraints; therefore, a road agency must commit to
consider a network economic evaluation under a budget constraint optimization as a useful tool to
better plan road works and to define the proper level of investments for each road class.

e Producing the types of graphs and tables presented in this paper is complicated because HDM-4

version 2.04 does not produce them automatically; therefore, they have to be produced in Excel,
based on HDM-4 results collected from the HDM-4 reports or HDM-4 output files.

35






7 CONCLUSIONS

The HDM-4 model can be used for strategic planning of road works requiring different levels of input
data, which can be measured or estimated by subjective evaluation. For planning purposes, an
evaluation of road classes is typically conducted characterizing representative road classes with
aggregate data on traffic load and road condition.

The key characteristics of the evaluation methodology presented in this paper are:

o The definition of project alternatives, for each road section or road class, by programming the
first road work of the evaluation period in different calendar years, to be followed by a
condition-responsive maintenance standard;

e The attempt to work within the HDM-4 version 2.04 limitation of evaluating up to 17 project
alternatives for up to 400 road sections or road classes; and

e The need to manipulate the HDM-4 results in Excel to produce useful charts and summary
tables.

The paper presents the methodology that is typically followed and a series of helpful sample graphs
and tables used for planning and programming purposes that can be obtained from the HDM-4
evaluation, but are not produced automatically by HDM-4 version 2.04. HDM-4 is a very useful tool to
help decision makers assess options related to the planning and/or programming of road works,
helping them to evaluate different project alternatives and examine the impact of budget constraints
on planning and programming.

The biggest challenges in carrying out a network HDM-4 evaluation are:

e Collecting the network data, which should not be too difficult as long as proper simplifications
and assumptions are made;

e The limitations of HDM-4 2.04, particularly in the presentation of the evaluation results and
the limits of the EBM-32 optimization; and

e The commitment of decision makers to the evaluation of different project alternatives per
road class and to accepting the results of a network budget constraints optimization as a
useful tool for better planning of road investments.
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ANNEX A. STRATEGY EVALUATION WITH HDM-4 VERSION 2.04

This appendix presents a case study of a strategy evaluation, using HDM-4 version 2.04, which shows
the steps needed to perform the evaluation and gives some suggestions to make the evaluation more
efficient. The HDM-4 workspace presented in this Annex is available for download at the
http://worldbank.org/roadsoftwaretools/ website under “HDM-4 Version 2.0 WB Case Studies 1.0”.
The HDM-4 strategy name is “North Region Evaluation”.

HDM-4 version 2.04 is the latest version of the HDM-4 software. The main software improvements of
version 2.04 in relation to version 1.3 are:

e Sensitivity analysis at project level;

e Storage of different budget optimizations at network level;

e Output files in Microsoft Access format;

¢ New interface to define the intervention criteria of road works;

e More options to trigger road work;

e New alternative interface to define project alternatives;

e Input of traffic composition in addition to other road attributes when defining a road network;
o Definition of traffic growth sets;

e Calibration factors defined per road class and not per individual road section;
e New emission models;

e Calculation of the asset value of the roads; and

e  Multi-criteria analysis.

The evaluation steps are the following: (i) configure the HDM-4 workspace; (ii) define the vehicle
fleet; (iii) define the road network classes; (iv) define maintenance standards; (v) define the strategy
evaluation; (vi) specify project alternatives; (vii) generate the strategy; (viii) perform a budget
constraints optimization; (ix) generate reports; and (x) explore the HDM-4 results.

Configure the HDM-4 Workspace

Configure the HDM-4 workspace with proper default values for the country. The process of
configuration for a network is the same as for a project-level evaluation.

Define Vehicle Fleet

Define the vehicle fleet—in terms of the most common vehicle types in the country and different traffic
growth scenarios. Typically only one vehicle fleet is defined for all roads in the country. The vehicle
types defined should be preferable to the ones adopted in the traffic-counting locations. In the
example below, a total of 10 motorized vehicle types were defined in the vehicle fleet. The vehicle
names start with a number so that they can be sorted by logical order later. The process of
characterizing the vehicle fleet is the same as for a project-level evaluation.
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#2v HDM-4 - [Vehicle Fleet: Developing Countries - Definition Data]
& Workspace  Fleet  Wiew  Window Help - 8 x

Diata Last

Name Class Modified Base Type Category
01, Motarcycle JMatorcycles 12/23/2005  Matorcycle Motorised
02, Car Medium Passenger Cars 12/23/2005  Car Medium Matarised
03. Delivery Yehicle Utilities 12/23/2005  Delivery Vehicle Light  Motarised
04, Truck Light Trucks 12/23/2005  Truck Light Maotarised
08, Truck Medium Trucks 12/23/2005 | Truek Medium Matarised
0E. Truck Heavy Trucks 12/23/2005  Truck Heavy Motorised
07, Truck Articulated Trucks 12/23/2005  Truck Articulated Motorised
08, Bus Light Buses 12/23/2005  Bus Light otorised
09, Bus Medium Buses 12/23/2005  Bus Medium Motorised
10. Bus Heawy Buses 12/23/2005  Bus Heavy Motorised

& AddMew
&8 Vehicle

Description o~ Edit Traffic >
D =0 | and Cunency ‘@ Growih Sets. . B = Ce

Delete

For Help, press F1

Define Road Network Classes

Define the road network that contains the road classes that will be evaluated. For example, in the road
network below, 50 possible road classes were defined in terms of surface type, traffic load and
condition. Each road class is identified by an ID code and a description. In this case, the first letter of
the ID code refers to the surface type (C for Asphalt Concrete and S for Surface Treatment roads), the
second letter to the traffic level (1 to 5), and the third letter to the condition category (A to E).

The traffic levels are:

1 < 300 AADT Average AADT = 200

2 300-1000 AADT Average AADT = 650

3 1000-3000 AADT Average AADT = 2000
4 3000-10000 AADT Average AADT = 6500
5 > 10000 AADT Average AADT = 13000

The condition categories are:

A Very Good Roughness = 2 IRI Damaged Area = 0%
B Good Roughness = 2 IRI Damaged Area = 1%
C Fair Roughness = 4 IRI Damaged Area = 15%
D Poor Roughness = 6 IRI Damaged Area = 35%
E Very Poor Roughness = 8 IRI Damaged Area = 55%

It is good practice to include the ID code of each road class to the left of the road class description so
that later they can be sorted by logical order—either by ID code or description.
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“av HDM-4 - [Road Network: North Region Stratepy Road Classes - All Sections/Definition Data]
&5 workspare RoadMet  Wiew Window Help

[} D escription | [i’la;ad‘\f_‘:;t | Sar:za ‘ Pavement Type RD Calibration Item L‘[Tﬁh C\i}mﬁe[m]ﬁy TF"EJ&C @mﬂ?ﬁ] -
(MY C14 - CA/2004ADT Mery Good | 08/17/2007 | Bituminous  Asphalt Mix on Granular Base | Asphalt Mix on Granulsr Base | 01 7.00 Twoeway | 1.00
[m:] C1B - CA/20084DT/Good 0817/2007  Bituminous  Asphalt Mix on Granular Bass v | Asphalt Mix on Granulsr Bass | 01 7.00 Twoeway | 1.00
cic 08M7/2007  Bituminous  Asphalt Mix on Granular Base | Asphalt Mis on Granuler Base | 0 7.00 Twoeway | 1.00
cib C1D - C4/200640 T /Paor 08/17/2007  Bituminous Asphalt Mix on Granular Base _w |Asphalt Mix on Granular Base . = | 0.1 7.00) Tweeway ~ | 1.00
C1E C1E - Ca/200/84DTVery Poor 08/17/2007  Bituminous Asphalt Mix on Granular Base _w |Asphalt Mix on Granular Base = | 0.1 7.00) Tweeway ~ | 1.00
C2a C24 - Ca/E508A0T Aery Good | 08/17/2007  Bituminous Asphalt Miv on Grarular Base _w |Asphalt Mix on Granular Base . = | 0.1 7.00) Twoeway ~ | 1.00
c28 C2B - CA/ER0A4D T/ Good 08/17/2007 |Bituminous  Asphalt Mix on Granular Base _w | Asphalt Mix on Granular Base = 226.0 7.00) Two-way ~ | 1.00
c2c C2C - CA/EB0AADT /Fair 08/17/2007 |Bituminous  Asphalt Mix on Granular Base _w | Asphalt Mix on Granular Base = | .0 7.00) Two-way ~ | 1.00
c20 C2D - CA/BB0AAD T /Poor 08/17/2007 |Bituminous  Asphalt Mix on Granular Base _w | Asphalt Mix on Granular Base | 480 7.00| Twoway - | 1.00
C2E CZE - CA/RR0AADT Aery Poor 0817/2007  Bituminous  Asphalt Mix on Granular Base | Asphalt Mix on Granular Bass | oo 7.00 Two-way | 1.00
34 C3A - CA/20008ADT Aery Good  08/17/2007 | Bituminous | Asphalt Mix on Granular Base _w | Asphalt Mix on GranularBase | 370.0 7.00 Two-way | 1.00
(e} C3B - CA/20004AD T /Good 0817/2007  Bituminous  Asphalt Mix on Granular Bass v |Asphalt Mix on GranularBass > | 341.0 7.00 Twoeway | 1.00
cic C3C - CA/200044D T /Fait 08M7/2007  Bituminous  Asphalt Mix on Granular Base | Asphalt Mis on Granuler Base | g2.0 7.00 Twoeway | 1.00
Ci0 C3D - CA/200048AD T /Poar 08M7/2007  Bituminous  Asphalt Mix on Granular Base | Asphalt Mis on Granuler Base | 28.0 7.00 Twoeway | 1.00
C3E C3E - Ca/2000840 T Aery Poor | 08/17/2007 | Bituminous Asphalt Mix on Granular Base _w |Asphalt Mix on Granular Base . = | 0.1 7.00) Tweeway ~ | 1.00
Caa Cde, - Ca/ER008A0 T Aery Good, 08/17/2007 | Bituminous Asphalt Miv on Grarular Base _w |Asphalt Mix on Granular Base . = | 0.1 7.00) Twoeway ~ | 1.00
C4B C4B - Ca/e500440 T Good 02/17/2007  Bituminous Asphalt Miv on Grarular Base _w |Asphalt Mix on Granular Base . = | 0.1 7.00) Twoeway ~ | 1.00
cac CAC - CA/EB008AD T /Fair 08/17/2007 |Bituminous  Asphalt Mix on Granular Base _w | Asphalt Mix on Granular Base = | 01 7.00) Two-way ~ | 1.00
C4D C4D - CA/BE00AAD T /Poor 08/17/2007 |Bituminous  Asphalt Mix on Granular Base _w | Asphalt Mix on Granular Base | 01 7.00| Twoway - | 1.00
C4E C4E - CA/BE00AADT Mery Poor | 08A17/2007  Bituminous  Asphalt Mix on Granular Base v |Asphalt Mix on Granular Base v | 01 7.00| Twoway v | 1.00—
Ch& CBA - CA/1300048DT Aery Goor 08/17/2007 | Bituminous | Asphalt Mix on Granular Base _w | Asphalt Mix on Granular Base | 20 7.00 Two-way | 1.00
C58 C5B - CA/1300044D T /Good 0817/2007  Bituminous  Asphalt Mix on Granular Bass v | Asphalt Mix on Granulsr Bass | g7.0 7.00 Twoeway | 1.00
C5C C5C - CA/1300044D T AF air 0817/2007  Bituminous  Asphalt Mix on Granular Bass v | Asphalt Mix on Granulsr Bass | 160 7.00 Twoeway | 1.00
a0 CED - CAA30004AD T Pamr 08M7/2007  Bituminous  Asphalt Mix on Granular Base | Asphalt Mis on Granuler Base | 20 7.00 Twoeway | 1.00
C5E C5E - C&/13000840T Aery Pom 08/17/2007  Bituminous Asphalt Mix on Granular Base _w |Asphalt Mix on Granular Base . = | 0.1 7.00) Tweeway ~ | 1.00
514 514 - ST/20044DT Aery Good | 0BA7/2007  Biuminous  Surface Treatment on Granular B_w | Surface Treatmeant on Granular | - | o1 7.00) Tweeway ~ | 1.00
S1B S1B - ST/20044DT /Good 08/17/2007 |Bituminous  Surface Treatment on Granular B_w | Surface Treatmeant on Granular | = | o1 7.00) Twoeway ~ | 1.00
s1C S1C- 5T/20084D T /Fair 08/17/2007 |Bituminous  Surface Treatment on Granular B_w | Surface Treatmeant on Granular | = | oo 7.00) Two-way ~ | 1.00
s10 510 - ST/20084D T /Poor 08/17/2007 |Bituminous  Surface Treatment on Granular B_w | Surface Treatmeant on Granular | = | 01 7.00) Two-way ~ | 1.00
S1E S1E - 57/200/44DTVery Poor 08/17/2007 |Bituminous  Surface Treatment on Granular B_w | Surface Treatmeant on Granular | v | 01 7.00| Twoway - | 1.00
528 S2A - ST/BE04ADT Mery Good | 08/17/2007 | Bituminous | Surface Treatment on Granular B_w | Surface Treatmeant on Granular | » | 01 7.00 Two-way | 1.00
528 52B - 5T/65044DT/Good 0817/2007  Bituminous  Surface Treatment on Granular B_ | Surface Treatmeant on Granular | | 51.0 7.00 Two-way | oo,
i | ]

% %sglﬁiw. ﬁ Delste @ Edi. ‘ 0 Info. | é Save ﬂ Close

Show the information dialog for the active Road Network

In this case, the total possible number of road classes is 50; consequently, 50 road classes have been
defined, with average attributes of road geometry, pavement type, road condition, etc. Note,
however, that the number of classes in the country with more than zero kilometers (of road length)
will most likely be less than 50. The HDM-4 evaluation will therefore be done only on the road classes
with more than zero kilometers. It is still good practice to define all possible road classes in the road
network but to define the length of the road classes with zero kilometers as 0.1 km (as a zero-
kilometer length is not a valid HDM-4 input). For the other road classes, the length is the sum of the
length of network road sections with the same average characteristics of the road class. When
defining the Strategy Analysis, the road classes with 0.1 km will not be selected. This way, if later the
distribution of the network length varies, the network matrix will only need minor modifications.

The process of entering the road classes is the same as for a project-level evaluation; the only
difference is that, conceptually, one is defining road classes and not road sections, which have a
defined origin and destination. In this case study, all the road classes were defined using the
aggregate default values of HDM-4 Version 2.04 and assuming that: (i) all road classes have a good
compaction quality; (ii) all road classes have a good surface texture; (iii) all road classes have a v-
shaped hard drain type; and (iv) the surface year of the road classes is 2005 for “very good”, 2000 for
“good”, 1995 for “fair”, 1990 for “poor” and 1985 for “very poor condition”. In this case study, the
evaluation period starts in 2006; therefore, the road condition data was defined for 2005.

Define Maintenance Standards

Define the maintenance standards to be used in the evaluation. First you define the possible capital
road works (for periodic maintenance or rehabilitation) that could be executed in the country and then
you define different maintenance standards, scheduling these different types of road work in different
calendar years. For example, one has the following possible capital road works defined in the
collection of maintenance standards given below:



44  APPLYING THE HDM-4 MODEL TO STRATEGIC PLANNING OF ROAD WORKS

Economic Financial
Cost Cost
Road Work (US$/m2) (US$/m2)
25 mm Reseal 3.2 4.0
40 mm Overlay 8.0 10.0
80 mm Overlay 14.4 18.0
100 mm Overlay 17.6 22.0
Reconstruction AC | 32.0 40.0
waw DM 4 - [Workspace] E=]X]
[] Workspace  Window  Help BEES
=g C:AHDM-4 w2 %W/E Case Studies 1.0 =
(0] Vehicls Fleets [1] =] Hew
(] Road Networks [5] s
=3 Work Standards & Open
e &mrgenance Standards [25] ;:'. Delete
X R+ B
m R+F+100mm Owerlay in 2006 2
[X] R+P+100mm Overay in 2007 abl Bename
m R+P+100mm Owerlay in 2008 —
m R+P+100mm Owerlay in 2003
m R+P+25mm Reseal at 20% diea
[¥] R+P+25mm Reseal in 2005 M5 Export
m R+P+25mm Reseal in 2007 o
[¥] R+P+25mm Reseal in 2008 st U

[¥] R+P+25mm Reseal in 2009
[¥] R+P+40mm Overlay at 4.01R1
[X] R+P+40mm Overlay in 2008
[¥] R+P+40mm Overlay in 2007
[X] R+F+40mm Overlay in 2008
[¥] R+F+40mm Overlay in 2009
[¥] R+F+80mm Overlay at 4.01R1
[®] F+P+80mm Overlay in 2006
[®] F+P+80mm Overlay in 2007
[X] R+P+80mm Overlay in 2008
[¥] R+P+B0mm Dverlay in 2009
[M] R+P+Recorstruction AC Type | at B.01RI
F+P+H tign AL Ty i
[Z] Rigd: Rigid Pavement Maintenance
[¥] Unpaved: Gradings 182 days + Regraveling
# (] Improvement Standards [10]
(] New Construction Sections [1]
E3 Default works Curency, Costs & Energy Consumption
(] Proiects [10]
% (] Programmes [1]
#-(] Shratedies (1]
#)-(_] Configuration

Delete an item from the database

Each maintenance standard is given a name that should indicate the road work items that will be
executed under the standard. For example, a standard named “R+P+40mm Overlay at 4.0 IRI” will
execute routine maintenance (R) plus patching (P) every year plus a 40mm overlay when the road
roughness reaches 4.0 IRlI. The maintenance standards are set up to schedule these road works in
2006, 2007, 2008, or 2009, taking into account that the evaluation period will begin in 2006. The
maintenance standard named “R+P+40mm Overlay in 2006”, for instance, has been assigned the
following work items:

e Miscellaneous

e Drainage

e Patching

e 2006 40mm Overlay

e Next 40mm Overlay, when the road roughness reaches 4.0 IRI
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Maintenance Standard: R+P+40mm Overlay in 2006 Pz|

G |

(LU (R +P+-40mm O werlay Cancel
Short code: 042006

Surface class: |

Work Itemns

Add Mew Waork [tem...
LCopy 'wark Item

Delete Work Item

Edit...

The name of this maintenance skandard

The item “Miscellaneous” represents the component of routine maintenance that does not affect the
deterioration of the carriageway (for example, maintenance of vertical and horizontal signs). In this
case, the miscellaneous activities are scheduled every year, as shown below.

Maintenance Works Item: Miscellaneous El

General Intervention } Costs |

Intervention Trigger Expression

Interval >=1, ¢=1 Yearls) \add New Crienon...

Edit Criterian...
LCopy Criterion...
Delete Criterion

Add OR expression

Copy OR expregsion

Delete OR expression

ok | cacel | ‘

Add an inkervention criterion

The item “Drainage” represents the component of routine maintenance that impacts the deterioration
of the carriageway by affecting the drainage of the road (for example, cleaning culverts or mowing
grass). In this case, the drainage activities are also scheduled every year.

The item “Patching” represents the amount of pothole patching being done on the roads. In this case,
all potholes will be patched every year. The intervention trigger expression is to patch the potholes
when the number of potholes per km is greater than one.



46 APPLYING THE HDM-4 MODEL TO STRATEGIC PLANNING OF ROAD WORKS

Maintenance Works Item: Patching

General Intervention ICosts | Effests |

Intervention Trigger Expression

Potholing 3= 1 no./km

(i New Criterion... |

Edit Criterion...
Copy Criterian...
Delete Criterion

Add OR expression

Copy OR expregsion

Delete OR expression

oK

Cancel | |

Add an inkervention criterion

The item “2006 40m Overlay” represents the first capital road work that will be executed on the road,

in this case, scheduled for 2006, as shown below.

Maintenance Works Item: 2006 40mm Overlay

General | Design Intervention | Costs | Effects | AssetVakation |

Intervention Trigger Expression

‘ear »= 2006, <= 2006 {Add New Criterion. . ¢

Edit Criterion...
Copy Criterion..
Dielete Criterion

Add OF expression
Copy O expression
Delete OF expression

oK

| cemcel |

Add an inkervention criterion

The item “Next 40mm Overlay” represents the future periodic maintenance road work (in this case an
overlay) that will be done on the road, after the initial road work is executed. In this case, the next
overlay is condition- responsive and is triggered when the road roughness reaches 4.0 IRI, as shown
below. An additional criterion was added to avoid having this second overlay being executed before
2012, which is considered too close to the first overlay (a minimum of 6 years is recommended

between consecutive overlays).
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Maintenance Works ltem: Next 40mm Overlay. E‘

General | Design Intervention | Costs | Effects | AssetVakiation |

Intervention Trigger Expression

Raoughness »= 4 IR AND :Add New Criterion. ., |
“ear»=2012
Edit Criterion
LCopy Criterion,
Delete Criterion

Add OR expression
Copy OR exprassion
Delete OF expression

Ok | Cancel ‘

Add an inkervention criterion

In this example, the following possible project alternatives were defined:

e 25 mm Reseal in 2006, 2007, 2008 or 2009

e 40 mm Overlay in 2006, 2007, 2008 or 2009
e 80 mm Overlay in 2006, 2007, 2008 or 2009
e 100 mm Overlay in 2006, 2007, 2008 or 2009

An important element of an economic evaluation is the definition of the “without project alternative”
(or “base alternative™), which should represent the actions of the road agency over the 20-year
evaluation period in case the project is not implemented. The base alternative should represent the
“do the minimum scenario” and not the “do nothing scenario”. In this example, the base alternative is
named “R+P+Reconstruction AC Type | at 8.0 IRI” and is defined as executing routine maintenance
(R) plus patching (P) every year over the evaluation period plus a reconstruction Type | when the road
roughness reaches 8.0 IRI, as shown below.

Maintenance Standard: R+P+Reconstruction AC Type | at B.0 IRI g\

G |

JUETCH P + P+ econstruction AC Type | at 8.0 1R]
Shart code: |RACIE0
Surface class:

Work Items

Cancel

Add Mew Work Item...

LCopy Work lkem

Patching
Miscellaneous Delete 'Wwiork ltlem

Edit...

The name of this maintenance standard

There could be different reconstruction options in the country (for example, different layer thickness,
width and costs); therefore, a condition-responsive reconstruction “Type I” was defined, as shown
below, which represents an asphalt concrete reconstruction. An additional criterion was added to
avoid having this reconstruction being executed before 2011, which was considered too close to the
first year of the evaluation period (a minimum 6 years of project benefits is recommended). One
wants to avoid the reconstruction of the base alternative to appear during the planning period, that is,
2006 to 2009 in this case study.
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Maintenance Works Item: Reconstruction AC ‘5‘

General | Design  Intervention ICosts | Effests | AssetValuation |

i~ Intervention Trigger Expression

Foughness >= 8 IR AND  |iAdd New Critenian,..;

‘rear = 2011
Edit Criterion. ..
Copy Criterion..
Past Criterior,
Dielete Criterion

Add OF expression

Copy O expregsion

Paste OF expression I
Delete OR explessjunl

ok | Camcel | sy

Add an inkervention criterion

The definition of the work items’ characteristics (general information, design, costs, effects, etc.) is
the same as for a project-level evaluation.

Define Strategy Evaluation

Create a new strategy evaluation defining the evaluation period (in this example 20 years), the start
year (in this example 2006), the discount rate (in this example 12 percent), and the output currency.
Lastly, define the budget optimization method that should be set to Maximize NPV.

#2v HDM-4 - North Region Evalua
‘Workspace View Report/Chart  window Help

i Workspace

il Stratepy: North Region Evaluation

General | Study Sections |
Strateqy
Details

! Specify

Alternatives

Shudy Description:

m Generate Oliresian o - .
Strategy LR Maximise NP Masimiss dIF
 Minimise cost for target IR

Perfarm
> Bl Statyear [2006  Analsieperiod: 20 years

Optimisation

TFy Generate Boad Network: |Nonth R egion Strategy Road Classes
5 Ao

Vehicle Flest  Developing Caunties

Currenci

Fleet: US Dallar

= |1
works: US Dallar = |1 = output cumehcy
Metwork: |15 Dol MR = output cumency

L3
B Save Qutput: [US Dollar ~|  Discountrate: |12 %

i Close:

Description of the Strategy Analysis

= output curency

At the study sections tab, define the road classes that will be evaluated and the traffic growth forecast
of each road class, as shown below. Only the road classes with a length of more than 0.1 kilometers
should be selected.
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“av HDM-4 - [Stratepy: North Region Evaluation]
[E] workspace  View Report/chart window Help

Define General Study Sections |
# Shategy
Lolak Include in Section Summany ol
S Speci Study Description Class P ||
Altematives L [EIE s AC20084DT .. Prina or tunk | Bituinous
= ATB ATB - AC/20084DT. .| Primary or trunk | Bituminous
gp- Seraale ERr A1C - AL/20084DT... Primany or tunk | Bituminous
lialegy H - —
= A1D A1D - ACAZ20044D T Primary or trunk | Bituminous
Ferform L1 AE ATE - ACAZ00/84D... | Frimary or trunk | Bituminous
=} Budget A AZ%, - AC/RE0SADT . Primary or trunk | Biturinaus
Optimisation I AZB - AC/E504ADT... Primary or tunk | Bituminous | 3% Growth
f‘ B I A2C A2C - ACES08ADT ... Primary or trunk | Bituminous | 3% Growth
@ Fepaits I AZD AZD - AC/BS04ADT.... Primary or tunk | Bituminous | 3% Growth
I A2E A2E - ACES08ADT. .. Primary or trunk | Bituminous | 3% Growth
- AZS - AC/20002AD... | Primary or trunk | Bituminous | 3% Growth
G ] AZB - AC/20002AD... | Primary or trunk | Bituminous | 3% Growth
M ASC A3C - AC/20002AD.... | Primary or trunk | Bituminous | 3% Growth .
M AID A3D - ACA200044D. .| Primary or trunk | Bituminous | 3% Growth
= AJE AJE - AC/20008AD.... | Primary o trunk | Bituminous
= Add Add, - ACABBO0AAD.... | Primary o trunk | Bituminous
= A4B A4B - AC/BEN0AAD... | Primary ar trunk | Bituminous
i 440 A4C - ACES008A0... Primary or trunk, | Bituminous
i 440 44D - AC/E500&4D0... Primary or trunk, | Bituminous
o A4E A4E - ACES008A0... Primary or trunk, | Bituminous
- ABf - ACA 300084, | Primary or trunk | Bituminous | 3% Growth
M ASE ABE - ACA1 300084, |Primary or trunk | Bituminous | 3% Growth
M ASC ARC - ACA 300084, . | Primary or trunk | Bituminous | 3% Growth
M ASD ABD - ACA1300084... | Primary or trunk | Bituminous | 3% Growth
= ABE ABE - ACA13000&4, . | Primary o trunk | Bituminous
= 514 S1A - ST/2008ADT. .. Primary ar trunk | Bituminous
i o GAR . CT AN ANT | Prienans v bk | i i e M
‘ [
+ Sections
B S Agsigh Growth Set. | Select by Criteria. ‘ Wiew/Edit Section... | Wiew/Edit Eleet.
—_— LCopy Growth Set | Unselect All ‘ View/E dit Hetwork.. |
ﬂ o P Gl 5[ Show wselected
sections

Showrhide unselected sections

Specify Alternatives

Define the project alternatives to be evaluated for each class,

condition and traffic load of each road class. For example:

Road in Very Good or Good Condition
in 2006, 2007, 2008 or 2009

25 mm Reseal

Road in Fair Condition

25 mm Resea

40 mm Overlay
80 mm Overlay

Road in Poor Conditio

80 mm Overlay

n

100 mm Overlay

Road in Very Poor Condition

100 mm Overlay

in 2006, 2007, 2008 or 2009
in 2006, 2007, 2008 or 2009
in 2006, 2007, 2008 or 2009

in 2006, 2007, 2008 or 2009
in 2006, 2007, 2008 or 2009

in 2006, 2007, 2008 or 2009

which should be a function of the

Each type of capital road work is given an identification code of two characters, for example:

Road Work Code O1
Road Work Code 02
Road Work Code O3
Road Work Code 04
Road Work Code 05

12 mm Reseal
25 mm Reseal
40 mm Overlay
80 mm Overlay
100 mm Overlay
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Each project alternative is given a name. In this example, the project alternative name is a four-
character code, where the first two characters are the road work identification code (01, 02, etc.) and
the last two characters the scheduled year (06 for 2006, 07 for 2007, etc.). The name of the base
alternative cannot be changed.

The screen below shows the project alternatives defined for the road class C2C (in fair condition),
using the HDM-4 version 2.04 classic style for the specification of the project alternatives, which is
preferred by the author. HDM-4 version 2.04 offers two styles to define the project alternatives—a
classic style (similar to version 1.3 style), and a new style, introduced in version 2.0.

sv HDM-4 - [Strategy: North Region Evaluation]

[] Workspace  View Report/Chart Window Help ElES

Define Alternatives

Details Sectiors

Specify
Alternatives

~ Edit Alternatives..
. - AC/B50AADT oot _ Bosto Alemaive: |
- Sﬁgﬁg’;"' 5 AZE - AC/E5044DT Aety Poor
= 434 - AC/200084D T NMery Good %
Perform = 438 - AC/2000440 T /Good
=
- Budaet | | [ ecemen e pE———
= 454 - A0 300044D T Mery Giood
Gengrate == 458 - AC/1300064D T/Good
Iiaeis 5 A5C - ACA 3000440 T /Fair
= 450 - AC/1 3000440 T Poor [ Wiew Details

=430 - AC/200084DT /Poar
= 51C - 5T/20084D T Fair

B oo T ICRAAART IC-i ]

Details for section A2C - AC/ES0AAD T /Fair

Section Altematives Assignments | ‘Year ‘
i Base Allemative [EIR+P+Rec. AC Type | at 8.01RI 2006
i 020
e 0207
[if 0208
i 0209
1ed 0308
[if 0307
i 0208
[ed 0309
[if 0408
i 0407

3 e 0408
B =~ i 0403

Edit standards..
ﬂ Clase

List of the selected sections

To each alternative corresponds a given maintenance standard effective from 2006.

Generate Strategy

Define the Run Setup of the evaluation, excluding annual vehicle data, as shown below—to exclude
from the output files the detailed road user cost outputs (fuel consumption, speeds, unit road user
costs, etc.) otherwise computed by the model—to reduce the size of the output files and increase the
speed of the calculations. At the Run Setup screen, one also defines the Run Data Export Directory,
that is, the Windows folder where the output files should be placed.
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HDM-4 [ [=][x]
[
Define Perform Run | 1ncanstrained Programme
= Shategy 5 1 I
ummary
Delails E Fun
Click-on Start to begin the anslysis 28 Setp.
Specify 5 SRR
G- Pertoim Life-cycle 3
e Base Altemative Run Setup gl ! Start
» Generate Status: Model Inclusion E—
Strate:
= {5 ™ EnergyBalance | Emissions Ahort
Perform ¥ Model acceleration effects
=~ Budgst & i
Optimisation ™ Incude Accident Costs In Econarmic Analysis e
Generale
Izt Life Cycle &nalysis
Bass altsnative: =l [ [
Fiun Data Expart Detail
¥ Exclude annual wehicle data Log File
¥ Exclude vehicle period data ™ Wwirite Log file

Aset valuation

[™ Perfarm nun with asset valuation

Run Data Expart Directory

C:\HDM-4 w2 Results Browse,

Progress

+
B = Overall
[ Current

Altemnative
Clase

Setup parameters for Programme &nalysis algorithm

/4 start EDBEE® *© -  woova

Ta reduce the size of the exported run data omit the Yehicle data

s JE Y

Once you press the Start button, the evaluation is performed and, if no input errors are found by
HDM-4, you can view the resulting unconstrained program (on the right tab) that shows the road
section name, length, traffic load, pavement type, type of road work, timing of the road work,
financial cost of executing the road work in the scheduled year, capital cumulative road work costs,
and the economic priority indicator NPV per capital cost. In the example below, it is worth noting that,
under the “unconstrained budget scenario”, (i) US$116.35 million are needed in cumulative terms
from 2006 to 2009 and (ii) the annual distribution of the expenditures is not uniform (for example,
US$55.83 million is needed in 2006 and only US$2.73 million is needed in 2007).

While this work program maximized the NPV of the network and therefore, in theory, is the optimal
work program, it cannot be implemented due to the uneven distribution of expenditures over the
years. Therefore, one needs to perform budget optimizations to (i) identify a work program that
roughly distributes evenly the expenditures over the years, maximizing the NPV of the network, and
corresponding to around US$116 million of total expenditures from 2006 to 2009 (unconstrained
budget); and (ii) identify optimal work programs under budget constraints.
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sav HDM-4 - [Strategy: North Region Evaluation] E@
] Workspace  View ReporkfChart  Window Help E,
Define Unconstrained Programme:
d- Sy Perfarm Rur gl 1
Details Budget S cenario
- E‘FECW Life Cycle Analysis - performed at 20-08-2007 [costs inWorks Cuency {millions of S Dalar})
ltematives
P Fioad Section Rosddass |Lengh| M. Pavement|  Roadwoks | vea | [od | Recuten | Eemtd | npyicap =
ﬂ Shategy 550 - ACA BUUUAADTIPuoranmary ar tunk 200 13000 Bituminous 2006 100mm Owerlz 2006 0.3 - 0.3 1814
80 - AC/13000840TFair - Primary or tunk 16.00 13000 Bituminous 2006 80mm Overlay 2008 202 - 233 549
- Szggg{' 530 - ST/20002ADT/Poor  Primary or tunk, 149.00 2000 Bituminous 2008 B0mm Overlay 2006 1877 = 21.10 397
Opfimeation| |30 - AC/200044DT oot Primargortunk 2800 2000 Biuminous 2006 80mm Overy 2008 363 - 2463 289
. 53E - 5T/200044DT Mery Py Primary or tunk: 37.00 2000 Bituminous 2006 100mm Owerds 2006 570 = 3033 236
@ Generate 53C-5T/200044DT/Fair  Primary or tunk 114.00 2000 Bituminows 2006 40mm Overlay 2006 7.98 - ei= R | 183
EElD A0 - AC/20008ADT/Fair  Primary or tunk 8200 2000 Bituminous 2006 40mm Overlsy 2006 574 - 4405 171
S2E - 5T/B50AADT Aery Pon Primary or tunk 73.00 650 Bituminous 2006 100mm Overds 2006 11.24 - 55.29 053
AZE - AC/BE0AADT Mem Pon Primary ar tunk 10,00 650 Bituminows 2006 100mm Owvere 2006 1.54 - B6.83 nsz
S2C - 5T/650480T /Fair Primary ar tnk, 39.00 669 Bituminous 2007 40mm Overlay 2007 273 - 59.56 1.04
A58 - AC/13000440T /Good Primary or tunk 97.00 13791 Bituminous 2008 25mm Reseal 2008 272 - E£2.28 10.06
88 - AC/13000840T Adery [ Primary or tunk 200 13791 Bituminous 2008 25mm Reseal 2008 0.08 - E2.34 3588
A2C - AC/ER0AADT /Fair Frimary or tunk 71.00 689 Biturninous 2008 40mm Overlay 2008 497 = E7.31 081
52D - ST/ES04ADTPoor  Primary or tunk, 118.00 689 Bituminous 2008 B0mm Overlay 2008 1487 = 8213 074
538 - 5T/200044DT/Good  Primary or tunk 21.00 2185 Bituminous 2003 25mm Reseal 2003 053 - 8277 235
A3B - AC/20008ADT/Good | Primary or tunk 341.00 2185 Bituminous 2003 25mm Reseal 2003 455 - 92.32 203
A34 - AC/20008ADT ey G Primary ar tunk 37000 2185 Bituminous 2009 25mm Reseal 2003 10.36 - 102.68 13 —
534 - 5T/200045DT Mery G Primary or tunk 2200 2185 Bituminous 2003 25mm Reseal 2003 062 - 103.30 119
AZD - AC/BE0AADT Poar  Primary ar tunk 48.00 710 Bituminows 2009 80mm Overlay 2009 6.05 - 109.35 07
420 - AC/EE04A0T/Good  Primary or tunk 225.00 710 Bituminous 2009 25mm Reseal 2009 6.30 - 115.65 0.7
S1C - 5T/200850 T /F air Primary ar tnk, 10.00 218 Bituminous 2009 40mm Overlay 2009 0.70 - 116.35 024
880 - ACA 30004407 /Poor Primary or tunk 200 17995 Bituminous Mext 40mm Overlay 2017 0.14 - 11E.49 1814
530 - ST/20002ADT/Poor  Primary or tunk, 149.00  27ER Bituminous Mewt 40mm Overlap 2017 10.43 = 126.92 397
AGE - AC/130004ADT /Good Primary or tunk 57.00 18534 Bituminous Nest 40mm Overlay 20138 673 - 13371 10.06
A3D - AC/20008ADT APoor | Primary or tunk 28.00 2851 Bituminous Nest 40mm Overlay 2018 1.96 - 13567 383
AR - AC/1300055DT Aery [ Primary or tunk 2.00 18534 Bituminous Mext 40mm Oveday 2013 014 - 135.81 356
é Sae 53C-5T/200045DT/Fair  Primary or tunk 114.00 2851 Bituminous Mext 40mm Overlay 2018 7.98 - 14379 183 -
‘ am
ﬂ Close nual assighment. [ Display recunent works

Select a Budget Scenario from the list to show its ‘Wark Programme

Perform Budget Optimization

Perform budget optimization by defining different budget scenarios and finding the optimal
combination of project alternatives for each budget scenario, which is the one that maximizes the Net
Present Value of the network. For example, one could define budget scenarios of 9,999, 30, 20 or 10
(in millions of US$) per year of expenditures during the planning period (2006 to 2009), as shown
below.

Strategy: North Region Evaluation]
[H] Workspace  View ReportiChart Window Help

Define Define Budget | Optimised Progiamme
= Shategy I 1
Details Budget Scenarios
- Sty Selected Name Desciplion B b R ey
ematives Periods Edit Budget Scenario...
37 ]|5939 M peryear | 9339 M per year 5 20
General = 1 Copy Budget Scenario
B o W O0Mperysst  30M perpsar 5 20 ey e e
¥ 20Mperyesr  20M perpear 5 20 Delete Budget Scenaio
Pefarm I 10 M per pear 10 M per pear 5 20
Budget
Dptimisation
Ty Generate
Reports
‘ [>[T]

Optimisation

E Optimisation

=} Selup...
Ferform Budget
Optimisation
Wiew

4 Analysis Stage
B = Click-on Start to begin the andlysis

5 oo

Budget Periods for Programme & Stateay Analysis
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A budget of US$9,999 million per year represents the availability of a very high amount per year,
defined to simulate the “without budget constraints scenario”. The US$30 million per year from 2006
to 2009 totals US$120 million from 2006 to 2009, which is more or less equivalent to the optimal
expenditures of US$116.35 million under the without budget constraints scenario. Therefore, US$30
million per year represents a realistic work program (100 percent scenario), with total expenditures
similar to the unconstrained budget scenario, but which is not realistic given the uneven distribution of
resources.

The screen on the next page shows the definition of the US$30 million per year scenario. In this case
study, the evaluation period (20 years) was divided into 5 budget periods (Year 1, Year 2, Year 3,
Year 4 and Years 5 to 20), years 1 to 4 representing the planning period. In this case, the budget
period after the planning period, from years 5 to 20, was left unconstrained with a very high amount
of resources available (US$1,000,000 million).

Budget Scenario Details - 30 M per year El

N arne: |BD M per pear

Dezcription: |3E| b per pear

Budget Details
e | b ind
Start of pear | End of pear Capital Budget el m
: ! snoooog | Append peiod|
2 2 30.000000
: 3 30000000 |
: 4 30.000000 _
: 20 100000000000, v | Delste peried |

The capital budget iz expreszed in

milions of LUS Dollar I Lbcestus

Ok | Cancel |

A unique name ko identify the Budget Scenario
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The screen below shows the optimization results for US$30 million per year, which show a more or
less even distribution of expenditures from 2006 to 2009.

u2v HDM-4 - [Strategy: North Regis
‘Workspace  Yiew Report/Chart  window Help

Define Optimized Programme
'm_ Sy Define Budget  Upt ol 1
Details Budget S cenario
- E‘FECW Optimisation of altematives - performed at 20-08-2007 [costs in‘Warks Curreney {milians of US Dollar})
ltematives
P Fioad Section Rosddass |Lengh| M. Pavement|  Roadwoks | vea | [od | Recuten | Eemtd | npyicap =
~B- Shategy 550 - ACA BUUUAADTIPuoranmary ar tunk 200 13000 Bituminous 2006 100mm Owerlz 2006 0.3 - 0.3 1814
——— AR - ACH 3000850 T /Fair Primary ar tunlk 16.00 13000 Bituminous 2006 40mm Overlay 2008 1.12 - 1.43 7E1
Szggg{' 530 - ST/20002ADT/Poor  Primary or tunk, 149.00 2000 Bituminous 2008 B0mm Overlay 2006 1877 = 20.20 397
Opfimeation |30 - AC/200044DT oot Primarportunk 2800 2000 Biuminous 2006 80mm Overy 2008 363 - 2373 289
A3C - AC/20008ADT/Fair  Primary or tunk 8200 2000 Bituminous 2006 40mm Overlay 2006 674 = 2947 171
Generate 53E - 5T/200044DT Mery Py Primary or tunk 37.00 2060 Bituminous 2007 100mm Owers 2007 570 ° 3/A7 233
EElD S3C-GT/20008ADT/Fair  Primaty or tunk | 114.00 2080 Bituminous 2007 40 Overlsy 2007 7.98 - 4315 195
S2C - 5T/6508ADT/F sir Primary or tunk 39.00 663 Bituminous 2007 40mm Overlay 2007 273 - 45.68 1.04
S2E - ST/BB0AADT Aery Por Primary o tunk 73.00 BE9 Bituminows 2007 100mm Owere 2007 11.24 - 5712 0Es
AZE - AC/ER04A0 T AVerw Por Primary or tunk 10.00 669 Bituminous 2007 100mm Owerlz 2007 1.54 - 568.66 0se
A58 - AC/13000440T /Good Primary or tunk 97.00 13791 Bituminous 2008 25mm Reseal 2008 272 - £1.38 10.06
88 - AC/13000840T Adery [ Primary or tunk 200 13791 Bituminous 2008 25mm Reseal 2008 0.08 - E1.44 3588
A2C - AC/ER0AADT /Fair Frimary or tunk 71.00 689 Biturninous 2008 40mm Overlay 2008 497 = EE.41 081
52D - ST/ES04ADT Poor  Primary or tunk, 118.00 689 Bitumninous 2008 B0mm Overlay 2008 1487 = 81.28 074
420 - AC/RE0&ADT Poor  Primary or tunk 48.00 683 Biturninous 2008 B0mm Overlay 2008 6.05 = a7.33 063
538 - 5T/200044DT/Good | Primary or tunk 21.00 2185 Bituminous 2003 25mm Reseal 2003 053 - ar.az2 235
A3B - AC/20008ADT/Good | Primary ar tunk 341.00 2185 Bituminous 2003 25mm Reseal 2003 955 - 97.47 203 f]
A34 - AC/20008ADT ey G Primary ar tunk 37000 2185 Bituminous 2009 25mm Reseal 2003 10.36 - 107.83 13
534 - S5T/2000840T Mery G Primary of tunk 22.00) 2185 Bituminous 2003 25mm Ressal 2003 062 - 108.45 1149
420 - AC/EE04A0T/Good  Primary or tunk 225.00 710 Bituminous 2009 25mm Reseal 2009 6.30 - 114.75 0.7
S1C - 5T/200850 T /F air Primary ar tnk, 10.00 218 Bituminous 2009 40mm Overlay 2009 0.70 - 115.45 024
880 - AC/13000440TFair - Primary or tunk 16.00 17470 Bituminous Mext 40mm Overlay 2018 1.12 - 11E.57 7E1
ABD - ACA30008ADT /Poor | Primary or trunk 2.00 17995 Bituminous Mext 40mm Oveday 2017 014 - 11EA1 1814
530 - 5T/20002A0T/Poor - Primary or tunk 143.00 2768 Bituminous MNest 40mm Overay 2017 10.43 - 12714 397
AGE - AC/130004AD T /Good Primary or tunk 57.00 18534 Bituminous Nest 40mm Overlay 2013 673 = 13333 10.06
A3D - AC/200084DT Poor - Primary or tunk 28.00 2851 Bituminous Mext 40mm Overlay 2013 1.96 - 135.83 389
é Sae ABA - AC/1I000AADT Aery [ Primary ar tunk 200 18534 Bituminous Mest 40mm Overdsy 2018 014 - 136.03 ek} -
‘ am
ﬂ Close nual assignment. [ Display recunent works

Select a Budget Scenario from the list to show its ‘Wark Programme

The screen below shows the optimization results for US$20 million per year.

“v HDM-4 - [Strategy: North Rey

Workspace  View Report/Chart Window Help -8 %
Defing i Optimised Programme
g e | Do buge 00 gramme |
Detals Budgst 5 cenario
= iﬁ:ﬂa};wes Optimisation of alternatives - performed at 20408-2007 [costs inWrks Currency {millions of US Dollar)
E— Road Section Roadclass | Length A.’:gT Pavement|  Road'Works | Year ;:n?;; EE;“EZZ‘t CE;DEEQ‘st NPY/CAP =
~B- Shiateqy 450 - ACA 30002ADT /Poor | Primary or tunk 200 13000 Bituminous 2006 100mm Overlz 2006 [ikeil - [ikeil 1814
) 1530 - ST/2000AADTPoor  Primary or trunk 143.00 2000 Bituminows 2006 B0mm Overlay 2006 18.77 - 19.08 397
gzgug ABC - AC/130005ADT /Fair | Primary ar tunk 16.00 13390 Bituminows 2007 B0mm Overlsy 2007 202 - 21.10 5.85
Upll?msal\on A3 - AC/20008ADT Poor - Primary or tunk 2600 2060 Bituminous 2007 80mm Overlay 2007 353 ° 24.63 377
S3E - ST/20008AD0T Aery Pr Primary or tunk, 37.00 2060 Bituminous 2007 100mm Owerle 2007 5.70 - 30,33 233
@ Generate S3C-ST/20004ADT/Fair  Primary or tunk, 114.00 2060 Bituminous 2007 29mm Reseal 2007 319 - 3352 118
o A2E - AC/BBOAAD T Aery Por Primary of tunk 1000 689 Bituminous 2007 100mm Overlz 2007 154 - 35.08 058
A2C - AC/ER0AADT /Fair Frimary or tunk 71.00 EE9 Biturninous 2007 26mm Reseal 2007 1.93 - 3708 05E
AGE - AC/120004ADT /Good Primary or tunk 97.00 13791 Bituminous 2008 25mm Reseal 2003 272 = 3977 1008
AR - AC/13000AADT Aery [ Primary or tunk 200 13731 Bituminous 2008 25mm Reseal 2008 0.06 = 39.83 358
A3C - AC/20008ADT/Fair  Primary or tunk 8200 2121 Bituminous 2008 40mm Overlay 2008 674 - 4557 182
434 - AC/20008ADT ey G Primary ar tunk 37000 2121 Bituminows 2008 25mm Feseal 2008 10.36 - 55.93 112
534 - 5T/200045DT Mery G Primary or tunk 2200 2121 Bituminous 2008 25mm Reseal 2008 062 - 56.55 10
538 - 5T/200044DT/Good  Primary of tunk 21.00) 2185 Bituminous 2003 25mm Ressal 2003 0.59 - 5714 235
438 - AC/2000850T/Good  Primary or tunk 341.00 2185 Bituminous 2009 25mm Reseal 2009 9.55 - E6.69 203
S2C - 5T/650480T /Fai Primary ar tnk, 39.00 710 Bituminous 2009 40mm Overlay 2009 273 - £9.42 112
A28 - AC/ER0AADTGood  Primary or tunk 225.00 710 Bituminous 2009 25mm Reseal 2009 B.30 - 7a.72 0.7
S1C-5T/2002ADT/F air Frimary or tunk 10.00 218 Biturninous | 2009 40mm Overlay 2003 070 - 7E.42 024 B
A20 - AC/RE0&ADT Poor  Primary or tunk 48.00 763 Bituminous Reconstuction AC - 2011 13.44 = 89.86 037
52E - 5T/B50AADT Aery Pon Primary or tunk: 73.00 763 Bituminous Reconstuction AC - 2011 2044 = 110.30 026
520 - ST/RGE04ADT/Poor  Primary or tunk 118.00 763 Bituminous Reconstuction AC 2011 3304 - 143.34 016
53C-5T/200045DT/Fair  Primary or tunk 114.00 2453 Bituminous Mext 40mm Overay 2013 7.98 - 151.32 118
A2C - AC/BE0AADT /F ait Primary or tunk 71.00 799 Bituminous Mext 40mm Overlay 2013 497 - 156.29 056
ASD - ACH 30008ADT /Poor Primary ar tunk 200 17995 Bituminows Mext 40mm Overlay 2017 014 - 156.43 1814
530 - ST/2000850T/Poar  Primary or tunk, 149.00 2768 Bituminous Mext 40mm Overlay 2017 10.43 - 166.86 397
430 - ACA20004840T Poor  Primary or tunk 28.00 2768 Bituminous Mext 40mm Overlay 2017 1.9 - 168.82 377
é S S2C-ST/660450T /Fai Primary ar tunk, 39.00 899 Bituminous Mext 40mm Overlay 2017 273 - 171.55 112 -
4T AmmenmesanTe in P Ao on aomae ne T T R o amne s oN
ﬂ Close e [~ Display recunent works

Select a Budget Scenaria from the list to show its Wark Pragramme
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The screen below shows the optimization results for US$10 million per year.

sv HDM-4 - [Strategy: North Region Evaluation]
Workspace  View Report/Chart Window Help

‘m' gsgr:gy Defing Budget  Dptimised Programme: }
Detals Budget Scerario: [
g et Optimisalion of altematives - perfomed at 20062007 [costs in Works Curreney {milions of U5 Dollarf)
lbernatives
P Road Section Rosdelass |Lengh| M. Pavement|  Roadwoks | ves | [od | Reeuten | Femldl | npyicap =
B e |50 - ACAS0005AD T /Paor | Frimary or tunk 200 13000 Biuminous 2008 100mm Overl: 2008 0.31 - 03 1814
e |AFC - AC/13000&4DT Fair  Primary or tunk 16.00 13000 Bituminows 2006 40mm Overlay 2006 112 = 143 761
l# E‘Eggg{' 53C-5T/200044DT/Fair  Primary or tunk 114.00 2000 Bituminows 2006 40mm Overlay 2005 7.98 = a4 183
Optimsation, |38 - AC/200044DT/Good Primary or tunk | 34100 2080 Bituminous 2007 25mm Resesl 2007 885 - 1656 1.54
— ABB - AC/130004ADT /Goad Primary ar tunk 97.00 13791 Bituminous 2008 25mm Reseal 2008 272 - 21.68 10.06
Generate A5A - ACH 30004ADT Aery [ Primary ar tunk 200 13791 Bituminows 2008 25mm Reseal 2008 0.05 - 21.74 358
ot 430 - AC/2000AADT/Poar Primary ortunk 2800 2121 Bituminous 2008 100mm Overls 2008 4.31 - 2608 286
A20C - AC/ER08A0 T /F air Primary ar tnk, 71.00 689 Bituminous 2008 25mm Reseal 2008 1.99 - 26.04 [IA=E]
538 - ST/20004ADT/Good  Primary or tunk, 21.00 2185 Bituminous 2009 25mm Reseal 2009 0.59 - 28.63 235
430 - AC/2000880T/Fair  Primary or bunk 82.00 2185 Bituminous 2009 40mm Overlay 2009 5.74 - 3437 188
534 - 5T/200044DT Mery G Primary or tunk, 2200 2185 Bituminous 20039 26mm Reseal 2003 02 - 3493 119
52C - 5T/6502A0 T /F air Frimary or tunk 39.00 710 Biturninous | 2003 40mm Overlay 2003 273 - iz 112
51C - 57/2008A0 T /F sir Frimary or tunk 10.00 218 Biturninous | 2003 25mm Reseal 2003 023 - 38.00 022
53E - 5T/200044DT Mery Py Primary or tunk 37.00 2318 Bituminous Reconshuction AC 2011 10.36 = 48.36 an
AZE - AC/BE0AADT Mery Por Primary ar tunk 10.00 753 Bituminous Reconshuction AC 2011 280 - 51.16 174
530 - 5T/20004A0T/Poar  Primary o tunk 149.00 2318 Bituminous Reconstuction AC - 2011 41.72 - 92.88 077
AZD - AC/BE0AADT Poar  Primary ar tunk 48.00 753 Bituminows Reconstuction AC 2011 13.44 - 106.32 036
SZ2E - ST/ES04AD T Aemn Por Primary or tunk, 73.00 753 Bituminous Reconstruction AC - 2011 20.44 - 126.76 026
520 - ST/6508A0TFPoar  Primary or tunk, 118.00 753 Bituminous Reconstruction AC - 2011 33.04 - 159.80 nie -
A2C - AC/ER0AADT /Fair Frimary or tunk 71.00 823 Biturninous Mext 40mm Overay 2014 4.97 - TE4.77 053
S1C-5T/2002ADT/Fair PFrimary or tunk 10.00 260 Biturninous Mext 40mm Overay 2015 070 = 1EG.47 02z
AGC - AC/130004ADT /Fair | Primary or tunk 16.00 17470 Bituminous Nest 40mm Overay 2016 112 - 166.53 761
ABD - ACA30002ADT /Poor Primary or tunk 200 17355 Bituminous Mext 40mm Oveday 2017 014 - 166.73 1814
A3C - AC/20008ADT/Fair  Primary or tunk 8200 2768 Bituminous Mext 40mm Overlay 2017 674 - 17247 188
S2C - 5T/650AADT/F it Primary or tunk 39.00 893 Bituminous Mext 40mm Overay 2017 273 - 175.20 112
AS5E - ACH 30004ADT /G oad Primary ar tunk 97.00) 18534 Bituminous Mext 40mm Overay 2018 B.79 - 181.93 10.06
é B A58 - AC/13000840T Mery [ Primary or tunk 200 18534 Bituminous Mext 40mm Overlay 2018 0.14 - 18213 358 -
< [
ﬂ Close Manual assignment ™ Display recunent works

Select a Budget Scenario from the list to show its ‘Work Programme

Generate Reports

All HDM-4 results are presented in a series of reports that were created to be printed on A4-sized
paper. The reports should be viewed on the computer screen prior of performing the budget
constraints optimization, to check if the HDM calculations are reasonable and to identify possible
errors in the input data. When doing a strategic analysis, it is suggested that, at least, the following
reports be reviewed: (i) Deterioration/Work Effects: Average Roughness by Section; (ii) Cost Streams
and Economic Evaluation: Road Agency and User Cost Streams (Undiscounted); and (iii) Cost Streams
and Economic Evaluation: Economic Indicators Summary.

(i) Deterioration/Work Effects: Average Roughness by Section (Graph). Review the graphs to ensure
that the road deterioration being modeled by HDM-4 is reasonable. For example, the screen below
shows the deterioration for road class A2C, indicating that the timing of the road work is being
modeled properly.
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:Wor@ace Yiew Report/Chart  window Help

X 1061 5|8 7@ B -] [ 44| Towe0 100z 380013480

Preview | &2C - AC/B5044D T Fai |

= AZC - ACJES0A A
Base Sensiti
AZC - AC/ES0AADTFair

=ow HDM-4 - [Average Roughness by Section (Graph)] E@E‘
g X
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(ii)) Cost Streams and Economic Evaluation: Road Agency and User Cost Streams (Undiscounted).
Review the annual road agency costs to ensure that the unit costs of all road works were entered
correctly and the definition of the maintenance standards is correct (timing of the road works). For
example, the screen below shows the annual economic costs for road class A2C — project alternative
0308. One can see that in 2008 road work O3 (40 mm Overlay) was executed with a capital
economic cost of US$56,000/km, which is equivalent to US$8/m? for a 7 meter wide road.

| Workspace  View Report/Chart  Window Help -8 x
x| M| 4 8af13 p | M G| 7= [ <] [ |#| Towlaen  to0x 346000360
Freview A2C - AC/EB0AADT Fair |
= AZC - AC/ES0A! ~
+ Base Altern.
#0206 Section: A2C - AC/650AADT/Fair
i Alternative: 0308
#0208 Sensitivity: No Sensitivity Analysis Conducted
G caor
+ 0308
+ 0309 Sect ID: A2C Road Class: Primary or trunk
3 o Length: 71.00km  Width: 7.00 m Rise+Fall: 1.00 m/km Curvature
e
Year Road Agency Costs (RAC)
Capital Recurrent Special Total MT Vehicle
RAC Operation
2006 0.000 0.170 0.000 0.170 3.936
2007 0.000 0.170 0.000 0.170 4.085
2008 3.976 0.170 0.000 4.146 4.242
2009 0.000 0.170 0.000 0.170 4117
2010 0.000 0.170 0.000 0.170 4.242
2011 0.000 0.170 0.000 0.170 4.372
2012 0.000 0.170 0.000 0.170 4.507
2013 0.000 0.170 0.000 0.170 4.649
2014 0.000 0.170 0.000 0.170 4797 =
< bl B3 b
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(iii) Cost Streams and Economic Evaluation: Economic Indicators Summary. Review the economic
comparison of project alternatives in terms of NPV. For example, the screen below shows the
economic evaluation comparison for road class A2C, which shows that alternative O308 is the one with
the highest NPV; therefore, it is the optimal alternative without budget constraints.

sev HDM-4 - [Economic Indicators Summary] g&‘
| Workspace  View Report/Chart  Window Help -8 %
X Tof 1+ » M S|& | #|é&lw= o ] [ |4 Toairz 1oz 10f1
Prevview | Subrepcrt - Cost Ratios sipt Proview |
= Subreport - Cos [ I I ~
+ AZE - AC/EE Figure in brackets is numt
+ B2C - BCfeE
+ A2 - BCf6E i -]
wopzE-ackes |l - g
) A3h - AC[2L Section:  AC - AC/BEDAADTIFair
+- A3 - AC20 Sensitivity: Mo Sensitivity Analysis Conducted
+ A3C - ACi2l
] A3D - AC;’ZE Alternative Fresent Value | Present Vaue of horeasein Decreasein | Net Exogenous Net Fresent NPY/Ca
4 ASA - ACIL of Tatal Agency Cpital Agency Costs User Costs Benefits walue Ral
+ ASE - AC13 Agency Costs Costs(CAP ) (c B [E) | (WPw=B+EC) | (npwmar
+ ASC - ACf1: [RAC)
+ A5 - AC1 Ease Altervatine 6.557 ERE 0.000 0.000 0.000 0.000 [i¥s
+/51C-5T/20 0206 5679 4353 -0.878 1392 0.000 2271 De
#-52C - 5T/65 0207 5.458 4032 -1.100 1151 0.000 2251 0e
- 520 - 5T/65 o208 5210 785 1347 0.455 0.000 2212 o<
#- 52E - ST|6S 20w 5134 708 -1z 0.639 0.000 212 o<
- 534 - 5T/20 0306 6.313 4867 -0.248 163 0.000 2870 0<
- 536 - 5Tf20 o307 6.730 4384 0768 2430 0.000 3197 4
+ S3C-5T/20 az0e 5508 4081 1081 2235 0.000 3286 [i¥a
+ 530 - 5T/20 Q309 5278 2851 1281 1030 0.000 3271 0g
+ S3E - 5T/20 0406 a.090 7674 2.642 2.780 0.000 D.2494 [\
0407 8278 6.852 1720 2570 0.000 0850 01
0408 7.593 6167 1038 2367 0.000 1321 01
0400 6.992 5555 0.424 2133 0.000 15698 03
Figure in brackets is numt
hd
< 3| >

Exploring HDM-4 results

The HDM-4 model does not summarize the results of the comparison of budget scenarios
automatically, by creating the tables and charts presented in this paper; therefore, it is necessary to
manipulate the HDM-4 results in Excel, Access or another suitable software program to produce
meaningful outputs. HDM-4 places all its output files in the Run Data Export Directory defined by the
user. All the results of HDM-4 version 2.04 are saved in the Access file named “RunData.mdb”, which
has many related tables. To be able to present all the tables and charts presented in this paper, the
main tables and fields that need to be manipulated outside HDM-4 are given in the table below.
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RunData.MDF main tables and fields

Table Main Fields Description Observations
HDM4RunData DESC Strategy Description a) This table presents the basic run data
Calendar year of first year of
START_YEAR | evaluation period
Number of years of analysis
NUM_YEARS period
NUM_VEH Number of vehicles
Number of road sections
NUM_SEC (road classes)
CURRENCY Currency
DISC_RATE Discount Rate (%)
Vehicles VEH_ID Vehicle ID a) This table presents all vehicle attributes
VEH_NAME Vehicle Name b) The VEH_ID starts with O for the first vehicle
c¢) Vehicles might not be sorted in a logical order
Sections SEC_ID Section ID a) This table presents all section attributes
SECT_ID Section code b) The SEC_ID starts with O for the first section
SECT_NAME Section name ¢) Sections might not be sorted in a logical order
LENGTH Section length (km)
CWAY_WIDTH | Carriageway width (m)
MT_AADT Motorized traffic (AADT)
NM_AADT Non-Motorized traffic (AADT)
ROUGHNESS | Roughness (IRI)
CRACKS_ACA | All structural cracks (%)
CRACKS_ACT | Thermal cracks (%)
RAVEL_AREA | Ravelled area (%)
PHOLE_NUM Number of potholes (#/km)
EDGEBREAK Edge break area (m2/km)
RUT_DEPTH Rut depth (mm)
LAST_SURF Last surfacing year (year)
a) This table shows the options (project alternatives)
SectOptions SEC_ID Section ID defined for each section
OPT_ID Option ID b) Each option is given an OPT_ID that starts with O
c) The OPT_ID increases continuously, it does not
start with O for each section
a) This table presents the description of each option
Options OPT_ID Option ID (project alternative)
b) The SELECTED flag is used to identify the option
OPT_DESC Option Description selected for each section without budget constraints
Selected option  without
SELECTED budget constraints (-1) (highest NPV)
SecOptData SEC_ID Section ID a) This table presents the economic evaluation results
OPT_ID Option ID of each option for each section (project alternative)
NPV Net present value (currency) | without budget constraints
IRR Internal rate of return (%)
BudgetScenarios BUDGET_ID Budget scenario ID a) This table presents the defined budget scenarios
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NAME Budget scenario name b) The BUDGET_ID starts with 0 for the first scenario
DESC Budget scenario description
BudgetScenarios_
Options BUDGET_ID Budget scenario ID a) This table presents the option selected for each
SEC_ID Section ID section for each budget scenario
OPT _ID Option ID
a) This table presents for each option (project
alternative) and for each year the road condition and
AnnualData SEC_ID Section ID the economic evaluation results
OPT_ID Option ID b) The YEAR_INDEX starts with O for the first year
c) The average roughness is the average roughness
YEAR_INDEX Year during a calendar year
d) The after works road condition indicators are
measured at the end of the year, after maintenance
LENGTH Length (km) work are executed
e) The UNDBENF_22 contains the flow of net benefits
WIDTH Width (m) that is used to compute the NPV and the IRR
f) UFIN_CAP, UFIN_REC and UFIN_SPEC total the
MT_AADT Motorized traffic (AADT) financial road agency costs
g) UNDCOST_0, UNDCOST_1 and UNDCOST_2
NM_AADT Non-Motorized traffic (ADT) total the economic road agency costs
h) UNDCOST_6, UNDCOST_9, UNDCOST_12,
UNDCOST_16 and UNDCOST_20 total the
IRIAV Average roughness (IRI) economic road user costs
IRI_AW After works roughness (IRI)
After works structural cracks
ACA_AW (%)
After works thermal cracks
ACT_AW (%)
ARV_AW After works ravelled area (%)
After works number of
NPT_AW potholes (#/km)
After works edge break area
AEB_AW (m2/km)
RDM_AW After works rut depth (mm)
After works pavement type
PTYPE_AW (code)
After works adjusted
SNPK_AW structural number (#)
After works gravel thickness
THG_AW (mm)
Flow of net economic
UNDBENF_22 | benefits (currency)
Financial capital costs
UFIN_CAP (currency)
Financial recurrent costs
UFIN_REC (currency)
Financial  special  costs
UFIN_SPEC (currency)
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UNDCOST_0

UNDCOST 1

UNDCOST_2

UNDCOST_6

UNDCOST_9

UNDCOST_12

UNDCOST_16

UNDCOST 20

Economic  capital costs
(currency)

Economic recurrent costs
(currency)

Economic  special costs
(currency)

Economic MT vehicle
operating costs (currency)
Economic MT travel time
costs (currency)

Economic NMT road user
costs (currency)

Economic accident costs
(currency)

Economic exogenous
costs/benefits (currency)




ANNEX B. RoAD CosTs KNOWLEDGE SYSTEM (ROCKS)

Road Works Classification for Preservation Works

|Work Category |Work Class

|work Type

|Predominant Work Activity

Preservation Recurrent

Routine Maintenance

Routine Maintenance Earth Road

Routine Maintenance Gravel Road

Routine Maintenance Block 2L Highway
Routine Maintenance Bituminous 2L Highway
Routine Maintenance Concrete 2L Highway
Routine Maintenance Bituminous > 2L Highway
Routine Maintenance Concrete > 2L Highway
Routine Maintenance Bituminous Expressway
Routine Maintenance Concrete Expressway

Periodic

Grading

Light Grading
Heavy Grading

Gravel Resurfacing

|Regravelling

Concrete Pavement Preventive Treatment

|Concrete Pavement Preventive Treatment

Bituminous Pavement Preventive Treatment

Fog Seal
Rejuvenation

Unsealed Preventive Treatment

[Unsealed Preventive Treatment

Surface Treatment Resurfacing

Slurry Seal or Cape Seal
Single Surface Treatment
Double Surface Treatment
Triple Surface Treatment

Asphalt Mix Resurfacing

Asphalt Overlay < 40 mm
Asphalt Overlay 40 to 59 mm

Rehabilitation

Strengthening

Asphalt Overlay 60 to 79 mm
Asphalt Overlay 80 to 99 mm
Asphalt Overlay > 99 mm

Mill and Replace

Mill and Replace 40 to 59 mm
Mill and Replace 60 to 79 mm
Mill and Replace 80 to 99 mm
Mill and Replace > 99 mm
Bonded Concrete Overlay
Unbounded Concrete Overlay

Concrete Pavement Restoration

Concrete Slab Replacement
Concrete Slab Repair
Concrete Diamond Grinding

Reconstruction

Reconstruction Earth

Reconstruction Gravel

Reconstruction Block

Reconstruction Bituminous

Reconstruction Bituminous Surface Treatment
Reconstruction Bituminous Asphalt Concrete

Reconstruction Concrete

Number of Lanes
1L - One Lane 4L - Four Lane
2L - Two Lane 6L - Six Lane
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Road Works Classification for Development Works

|Work Category |

Work Class JWork Type

|Predominant Work Activity

Development

Improvemen{ Partial Widening

Partial Widening to Gravel 2L
Partial Widening to Block 2L
Partial Widening to Bituminous 2L
Partial Widening to Concrete 2L

Partial Widening and Reconstruction

Partial Widening and Reconstruction to Gravel 2L
Partial Widening and Reconstruction to Block 2L
Partial Widening and Reconstruction to Bituminous 2L
Partial Widening and Reconstruction to Concrete 2L

Widening

Widening Adding Bituminous 1L
Widening Adding Bituminous 2L
Widening Adding Bituminous 4L
Widening Adding Concrete 1L
Widening Adding Concrete 2L
Widening Adding Concrete 4L

Widening and Reconstruction

Widening and Reconstruction Adding Bituminous 1L
Widening and Reconstruction Adding Bituminous 2L
Widening and Reconstruction Adding Bituminous 4L
Widening and Reconstruction Adding Concrete 1L
Widening and Reconstruction Adding Concrete 2L
Widening and Reconstruction Adding Concrete 4L

Upgrading

Upgrading to Earth 2L

Upgrading to Gravel 2L

Upgrading to Block 2L

Upgrading to Bituminous 2L

Upgrading to Bituminous Surface Treatment 2L
Upgrading to Bituminous Asphalt Concrete 2L
Upgrading to Concrete 2L

New New 1L Road

Construction

New Earth 1L Road

New Gravel 1L Road
New Block 1L Road

New Bituminous 1L Road
New Concrete 1L Road

New 2L Highway

New Earth 2L Highway

New Gravel 2L Highway
New Block 2L Highway

New Bituminous 2L Highway
New Concrete 2L Highway

New 4L Highway

New Bituminous 4L Highway
New Concrete 4L Highway

New 6L Highway

New Bituminous 6L Highway
New Concrete 6L Highway

New 4L Expressway

New Bituminous 4L Expressway
New Concrete 4L Expressway

New 6L Expressway

New Bituminous 6L Expressway
New Concrete 6L Expressway

Number of Lanes
1L - One Lane
2L - Two Lane

4L - Four Lane
6L - Six Lane




ANNEX C. SUMMARY OF RECOMMENDATIONS

HDM-4 MODEL EVALUATIONS

e In a project economic evaluation, evaluate more than two project alternatives per project.

e In a network evaluation, use HDM-4 only to optimize capital road works, not recurrent
road works.

e In a network evaluation, don’t evaluate together paved roads and unpaved roads.

STRATEGIC PLANNING ROLE IN A ROAD AGENCY

e Present network monitoring indicators based on current road condition, without the need
for HDM-4.

e Present the economic impact of budget constraints in terms of reduction of network NPV
(efficiency frontier graph).

e Present budget constraints scenarios in a meaningful way (for example, 100 percent, 75
percent or 50 percent of the optimal expenditures).

e Present losses to society of budget constraints in relation to the optimal expenditures
scenario.

e Present the Benefit-Cost Ratio of different budget constraints scenarios.

e Present the financial consequences of budget constraints for the road agency.

e Present the network in stable condition (good- and fair-condition roads) under different
budget scenarios.

o Define the characteristics of roads in stable condition, based on country-specific data.

e Present a road condition forecast under different budget scenarios.

e Present the network utilization (million vehicle-km) per road condition category, as this is
a better indicator than network length per road condition category.

e Present the average network roughness weighted by network length or network utilization.

e Complement the network roughness parameters’ forecast with other road condition
parameters’ forecast (for example, area of cracking or total damaged area).

e Present the consequences of budget constraints for road users.

e Summarize the resulting work program and allocation of resources, for a given budget
level, per network type, surface type, region, year, etc.

e Present a solution catalog showing, for a given budget level, the recommended types of
road work and the timing of the road works.

e Present a solution catalog showing the recommended types of road work assuming the
road works are executed now; present another catalog showing the recommended road
works assuming the road works will be postponed by one year, and so on.

STRATEGIC PLANNING EVALUATION STEPS

e Collect all available road network data per homogeneous road section and assemble it into
a road network database if needed.

e Collect network aggregate data if road network data is not available.

e Analyze the road network database or the road network aggregate data to establish a
representative matrix of road classes.

63



64 APPLYING THE HDM-4 MODEL TO STRATEGIC PLANNING OF ROAD WORKS

e Define representative matrix cells’ length and other attributes.

e Identify possible country-specific road works and estimate unit costs of road works in
financial and economic terms.

o Define proper pragmatic project alternatives to be evaluated per matrix cell, considering
the condition and traffic load of the roads and the current practices in the country.

e Establish country-specific road user costs.

e Define the planning period, evaluation period and discount rate.

e Enter input data into HDM-4 and run HDM-4.

e Evaluate different budget scenarios with HDM-4.

e Obtain from the HDM-4 output files, the raw results.

e Import the HDM-4 results into Excel and prepare output tables, charts and reports.

e Bring the results of the strategic planning study into the road network database, if
available, for example, to produce maps of the results per road section.

ESTABLISHING A REPRESENTATIVE ROAD MATRIX

e Evaluate each homogeneous road section rather than a matrix of road classes, if the
network length is relatively small (less than 3,000 to 4,000 km) and there is a network
database with detailed information per homogeneous road section.

o Define the representative matrix at least as a function of surface type, roughness and
traffic load.

e Complement, if possible, the characterization of road condition using roughness with
cracking (surface distress) or deflections measures.

e Avoid defining the road condition categories using the “or” statement, for example,
roughness less than 2.5 IRI, m/km, or cracking less that 5 percent.

e Include a road condition category that represents zero cracking, if cracking is adopted as a
road condition criterion, because zero cracking indicates that the surface distress
progression has not yet started.

e Avoid assigning a label to the road condition categories (Good, Fair, Poor, etc.), for
example roughness, if only one road condition indicator is used to characterize the road
condition.

e Adopt the same road condition categories (ranges of the road condition indicators) for
asphalt concrete and surface treatment roads.

e Define several road classes but, if possible, limit the road classes to a total of 400, to be
able to use the HDM-4 more precise EBM-32 optimization algorithm.

e Define the road classes in a way that broadly accords the same order of magnitude of
number of kilometers to each road class.

e Adjust the traffic levels so as to distribute the number of kilometers more or less equally
among the traffic levels.

e Define the road condition categories based on technical considerations, without attempting
to distribute the number of kilometers per road condition category.

e Avoid having road classes with a very small number of kilometers (less than 5 to 10
kilometer); it is better to combine them into another cell.

e Convert network length to two-lane equivalent length if the number of lanes was not
considered in the definition of the representative matrix.
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DEFINING ROAD CLASS ATTRIBUTES

e Make an effort to quantify the key HDM-4 attributes of a road class—the length, width,
pavement type, climate zone type, geometry type, traffic load and traffic composition,
roughness, deflection or structural number, cracking, raveling, potholes, rut depth,
pavement age and construction quality.

e Use engineering judgment to define the other road attributes.

DEFINING ROAD CLASS IDENTIFICATION CODES

e Assign a letter to the surface type.
e Assign a number to the traffic level.
e Assign one letter or two letters to the road condition category.

DEFINING ROAD WORKS

¢ Identify all possible types of road work that could be carried out on the network.

e Ensure that the country’s standards support the identified road works.

e Estimate unit costs of the road work in financial and economic terms (net of taxes and
subsidies).

e Assign a 2-character code to each road work, differentiating between periodic maintenance
and rehabilitation works.

e Consider as a minimum three possible road works for bituminous roads: surface treatment
resurfacing, asphalt concrete overlay and reconstruction.

e Explore as many different types of road work as possible, taking into account different
materials, thicknesses and different shoulder works.

e Present the list of road works following the road works classification given in the Road
Costs Knowledge System (ROCKS).

e Present a bar chart showing the unit costs per kilometer of road works to highlight that
the rehabilitation costs are much higher than the periodic maintenance costs.

DEFINING PROJECT ALTERNATIVES

e Don’t define purely condition-responsive or scheduled project alternatives.

e Define the project alternatives by scheduling the first capital road work needed per road
class in different years, to be followed by a condition-responsive periodic maintenance
standard that will keep the road in good to fair condition.

e Define first the existing types of road work in the country and then determine which road
works to schedule per road class as a function of traffic load, condition and other road
characteristics.

e Ensure that the selected road works are feasible from a technical point of view, yielding a
reasonable design life.

e Define different project alternatives at least as a function of the road condition; traffic load
could also be considered in a comprehensive analysis.

e Schedule the road works for roads in good condition not necessarily during the first years
of the evaluation period.



66 APPLYING THE HDM-4 MODEL TO STRATEGIC PLANNING OF ROAD WORKS

Refine the definition of the road work needed by changing the road works as a function of
when they will be applied.

Consider doing a preliminary analysis, evaluating all possible road work occurring in the
first year of the evaluation period, to assist with the definition of road works to evaluate
per road class.

Define an appropriate condition-responsive periodic maintenance standard to be applied
after the first capital road work, which should be a function of the traffic load of the road.
Consider doing a separate study to identify the optimal condition- responsive periodic
maintenance standards, as a function of the traffic load, in the country.

Define a minimum reasonable time interval between the first capital road work and the
next periodic maintenance road work.

Define the recurrent maintenance works that will be done while the capital road works are
postponed, for the cases of postponement of road works.

Define, if possible, a maximum of 17 project alternatives, to remain within the limits of the
HDM-4 more precise EBM-32 optimization algorithm.

Define the “without project alternative” as the “do the minimum scenario” and not the “do
nothing scenario”.

Include in the “without project alternative” a reconstruction when the road reaches poor
condition (8 to 10 IRI, m/km), but ensure that no reconstruction is done during the first 6
to 12 years of the evaluation period, to avoid a reconstruction in the base case during the
planning period.

Define a project alternative that represents doing nothing or doing just routine
maintenance, if needed, to show the consequences of zero available budget, but do not
make this project alternative the “without project alternative”.

DEFINING PROJECT ALTERNATIVES’ NAMES

Insert at the beginning of the project alternative’s name the scheduled capital road work
code (2 characters) followed by the timing of the scheduled road work (2 characters).

DEFINING VEHICLE FLEET CHARACTERISTICS AND ROAD USER COSTS

Define the average vehicle fleet characteristics and estimate the economic vehicle fleet
unit costs.

Make an effort to quantify well the key HDM-4 attributes of a vehicle—new vehicle cost,
kilometers driven per year, service life, maintenance labor cost, gross vehicle weight, fuel
cost, new tire cost, number of passengers and passenger time cost.

Present typical unit road user costs and the typical unit road user costs composition.
Present the sensitivity of unit road user costs to roughness.

HDM-4 CALIBRATION

Perform at least a Level 1 calibration of the mode.
Refer to Volume 5 of the HDM-4 documentation for information on HDM-4 calibration and
the sensitivity of the main input parameters.
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PERFORMING BUDGET CONSTRAINTS OPTIMIZATION

e Define the planning period, defined as the initial three to six years of the evaluation
period, depending on the country’s budgeting process.

e Define a 20-year evaluation period, given that the evaluation period should be two to
three times the planning period and that the maximum evaluation period of the EBM-32
optimization algorithm is 20 years.

e Ensure that the scheduled road works occur during the planning period and that the future
condition-responsive maintenance works don’t occur during the planning period.

e Ensure that the reconstructions of the “without project alternative scenario” don’t occur
during the planning period.

o Differentiate between the theoretical unconstrained budget scenario and a practical
unconstrained budget scenario, in which the flow of expenditures is, broadly speaking,
evenly distributed over the years.

e First find the theoretical unconstrained budget scenario and then perform a budget
optimization, to find the practical unconstrained budget scenario that will require roughly
the same total expenditures during the planning period.

e Evaluate other budget scenarios with lower expenditures during the planning period, but
keep the expenditures after the planning period unconstrained.

e Represent the budget scenarios as a percentage of the expenditures under the practical
“unconstrained budget scenario”.

SUPPORT FOR PROGRAMMING OF ROAD WORKS

e Support the decision-making process on programming of roads, if a network database of
homogeneous road sections exists, by relating the results of the strategic evaluation, for a
given budget level, to the homogeneous road sections.

e Relate the information by adding the road class code of each road section to each road
section.

e Present for each road section the basic road characteristics, the recommended road work,
the timing of the road work, the financial cost of performing the road work, the road
section’s NPV, and the NPV per investment cost ratio; sort the road sections by priority—
sorting per year and per NPV per investment cost ratio.

e Present maps with the economic evaluation results per road section and other important
considerations for decision-making, such as contract packaging and social considerations.

HDM-4 SOFTWARE

e Use classic style to define project alternatives.
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