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Comparison of Pavement Alternatives

PREFACE

This Guide provides assistance with the comparison of alternative pavement designs and
complements the Australian Asphalt Pavement Association's Guide to the Selection and
Design of Aexible Pavements (2002). It provides information on both the quantifiable and
non-quantifiable issues that impact on long term pavement performance and provides a
methodology for quantifying, as far as possible, whole-ot-life costs.

The Guide also contains information on likely maintenance diaries and routine and periodic
maintenance costs.

Part of this methodology includes a risk assessment procedure to assist in maximising the
reliability of the final selection.
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Comparison of Pavement Alternatives

1. INTRODUCTION

1.1 Purpose

This Guide provides assistance with the comparison of alternative pavements to enable the
selection of the pavement that will deliver the lowest whole-of-life cost to complement the
Australian Asphalt Pavement Association's Guide to the Selection and Design of Flexible
Pavements (2002) and the Austroads Guide to the Structural Design of Road Pavements. It
provides information on both the quantifiable and non-quantifiable issues that impact on long
term pavement performance and provides a methodology for quantifying, as far as possible,
whole-of-life costs.

Part of this methodology includes a risk assessment procedure to assist in maximising the
reliability of the final selection.

1.2 Scope

This Guide is intended for use by practitioners to provide assistance in comparing alternative
pavement designs. It provides an overview of the issues relating to comparison of
alternatives, including ownership and funding issues, as well as a methodology for carrying
out comparisons. Tailoring comparisons to specific needs is facilitated by the provision of a
risk management procedure that enables specific risks and their consequences to be
identified and quantified.

In addition to the methodology provided, information on likely maintenance diaries and
routine and periodic maintenance costs is provided.

1.3 Overview

Where a number of feasible, alternative pavement designs have been determined, these can
be compared using a whole-of-Iife cost approach. This method of comparison takes into
account not only the initial cost of construction of each alternative, but also all the
maintenance and rehabilitation costs that occur during the life of the pavement, and an
estimate of the salvage value of the pavement at the end of its design life, if this is
considered applicable.

While, in many cases, road user costs are not taken into account in this analysis, this needs
careful consideration. For example, for heavily trafficked roads and other high-usage roads
such as those through shopping centres, the cost of traffic disruption during pavement
maintenance and rehabilitation works may be high and may have considerable social
implications. Care also needs to be taken with heavily trafficked roads to ensure that
maintenance operations minimise traffic disruption. This can be achieved by trying to ensure
that, wherever possible, structural rehabilitation can be carried out in an automated fashion
on surface layers only.

In addition, the risks associated with each whole-of-life pavement scenario which can lead to
under-performance need careful consideration. Risks can be allowed for by the application of
a "design reliability factor", which can be either a multiplier for the calculated design traffic or
incorporated into materials performance relationships. This broad-based approach has
attempted to take into account a number of uncertainties such as:

• Uncertainty in estimating design traffic loading
• Variations in in-situ materials properties as constructed and over the life of the

pavement
• Variations in pavement layer thicknesses
• Accuracy of the design method for various pavement types.
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A more rational assessment of risk, project reliability and the likely whole-ot-life cost
estimation can be made if these uncertainties are quantifiable and, to a certain extent,
controllable tor a particular project.

The methodology used in this Guide is illustrated in Figure 1. A four-phase approach is used.

Identify suitable
candidate pavement

types required

Choose the level of
project reliability

II'

Identify and assess
risks associated with

each candidate
pavement type

Mitigate risks
Wherever possible

,r

Analyse likely
pavement

performance taking
risks into account

+
Compare whole-of-
life costs and select

the most suitable
pavement

• Utilise the AAPA Guide to
the Selection and Design of
Flexible Pavements or other
sources

• Chance that the pavement
will outlast the design traffic

e.g.

• Under-estimation of design traffic

• Non-achievement of materials
design parameters

• Under thickness of pavement
layers

• etc

• Qualitative risk assessment to
determine likelihood and
consequences

• Mitigate risks where practical

• Quantify consequences of
uncontrollable risks using
mechanistic analysis procedure

• Quantify likelihood of uncontrollable
risks

• Whole-of-life cost analysis using
PWOC on a weighted probability
basis over a common analysis

period

PHASE 1
PAVEMENT
SELECTION

PHASE 2
RISK

ASSESSMENT

PHASE 3
PERFORMANCE

ANALYSIS

PHASE 4
COST

COMPARISON

Figure 1 - Methodology for comparison of pavements
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2. PHASE 1 - SELECTION OF CANDIDATE PAVEMENTS

There are many factors which influence the selection of pavements types to suit various
situations. These are discussed below.

2.1 Ownership Issues

There are a number of ownership issues that impact on the choice of pavement type. These
include:

• investment and economic strategy
• planning and development strategy

• risk profile
• construction and maintenance issues
• political, social and environmental issues.

2.1.1 Investment and economic strategy

For roads owned by Government Agencies, funds for construction and maintenance are
usually constrained by Government budgets, with the political process providing the only
means of linking the benefits to the available funds. Decisions based on this approach tend
to ignore the significant costs associated with road usage. Given that these costs can be in
the order of 10 times the infrastructure cost, they playa major role in the economic viability of
a region. Where available Government funds are insufficient, smaller investments with a
shorter payoff period are made, spreading benefits from improved roads to the wider
community.

For privately funded roads, such as tOllways, direct benefits to shareholders can be realised
by the provision of a high level of service resulting from minimising construction times and
minimising disruptions due to maintenance and rehabilitation operations. In this situation,
there is an opportunity for the road owner to benefit directly from the provision of a high level
of service and this may have a bearing on the type of pavement and maintenance regime
chosen. Higher initial investments may be warranted to provide higher levels of service and
less disruptions resulting from maintenance operations.

2.1.2 Planning and development strategy

Planning and development strategies can impact on selection of pavements. In rapidly
developing areas, where future likely land use and other transport infrastructure is not well
established, traffic growth patterns can be difficult to predict. This may indicate that the use
of long design lives may not be appropriate.

Stage construction may well be applicable in these situations, as geometric capacity may be
increased or decreased significantly with time as a result of duplication of carriageways or
provision of bypasses.

In more stable situations, where land use and other transport infrastructure are well defined
and stable and traffic patterns are more predictable, the use of longer design lives and longer
term investment will be more appropriate.
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2.1.3 Risk Profile

The road owner's risk profile can also impact on the selection of pavements. Risk-averse
owners will adopt conservative designs and also select pavements that can be reliably
constructed and maintained in a competent manner.

The identification of specific major risks and their consequences is a key task in pavement
selection.
Risk categories may include:

• Technical
- Is the technology to be used well established?

- Are construction operations well controlled? (The major source of variability in
pavements usually occurs during construction.)

- Are design input parameters well defined? How conservative are design
inputs?

- What are the operational consequences of premature failure?

• Financial
- Is the level of investment manageable?

- Can cash flow requirements be met?

- Does it optimise whole-of-life costs?
- What are the financial consequences of premature failure?

• Environmental & safety
- Does the project meet environmental and safety needs (noise, air quality, skid

resistance, safety, conspicuity etc)?
- Does it meet OH&S requirements during construction and its subsequent life?

- Does it satisfy Ecologically Sustainable Development needs?

- Has appropriate use been made of recycled materials?

• Political
- Does the project involve the risk of political criticism?

- Does it meet Government criteria for probity and equity?

- Has a reasonable balance in meeting all stakeholders' needs been achieved?

2.1.4 Construction and maintenance issues

Construction and maintenance issues include:

• extent and type of drainage

• surfacing type
• materials variability
• competence of constructing agent

• construction under traffic
• use of stage construction

• pavement layering
• environmental conditions (rainfall and temperature).

These and other issues are covered in more detail in Section 3 of the Austroads Guide to the
Structural Design of Road Pavements.

Construction issues have a major impact on the quality and uniformity of pavements and
hence their long term performance. For example, if a poor quality riding surface is produced,
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this will result in increased dynamic loading of the pavement which may substantially reduce
its reliability and add to user costs.

Construction issues are often difficult to quantify at the design stage, particularly if
competitive tenders are to be used for construction.

Recent legal cases have placed an emphasis on the need for adequate skid resistance on
road pavements. The impact of these changes on risks relating to skid resistance is likely to
have an effect on maintenance and rehabilitation requirements for wearing surfaces. Design
of pavements with strong, durable base layers with renewable wearing surfaces provides
cost-effective, long-term solutions in these situations.

2.1.5 Political, social and environmental issues

Some of the political and environmental issues have been mentioned in Section 2.1.3 above.

Social and environmental issues also include:

• speed of construction

• disruption to traffic
• disruption to commercial activity

• noise dUring construction and subsequent traffic noise
• vibration, dust and fumes during construction.

These issues may well influence the choice of pavement type.

2.2 Selection of candidate pavements

Once the broad issues in section 2.1 have been considered, a number of candidate
pavement types should be chosen.

Detailed guidance in this regard is provided in AAPA's Guide to the Selection and Design of
Flexible Pavements. Further guidance regarding the selection of suitable wearing surfaces is
provided in Austroads Guide to the Selection of Road Surfacings.

2.3 Project reliability

The designer then needs to determine the project reliability, which is a means of expressing
the risk profile.

Austroads (APRG 2001) defines desired project reliability as "the chance that the pavement
being considered will outlast its design traffic, assuming that:

• the pavement is designed in accordance with the Austroads design procedures

• the pavement is constructed in accordance with standard specifications; and

• the materials meet standard specification requirements".

The desired reliability is chosen by the designer. Suggested reasonable values for reliability
for different road types are given in Table 1, but reliability should be considered on a project
by-project basis.
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It is difficult to quantity the concept of reliability and it may be thought of in terms of the inputs
and outputs to pavement performance. If all the design inputs and construction assumptions
are met there is a good likelihood that a high degree of reliability in pavement performance
will result.

Table 1 - Suggested project reliability levels (from APRG 2001)

Road class Suggested project
reliability (%)

Freeway 90-97.5

Highway; Lane AADT > 2,000 87.5-97.5

Highway; Lane AADT ~ 2,000 85-95

Main Road; Lane AADT > 500 85-95

Main Road; Lane AADT ~ 500 80-90

Local Road; Lane AADT > 250 80-90

Local Road; Lane AADT ~ 250 75-80
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3. PHASE 2 - RISK ASSESSMENT

3.1 Overview

In order to carry out a simple but informative risk assessment for a candidate pavement
design based on the projected whole-of-life model, the designer needs to identify
events/circumstances that are contrary to the design assumptions that are likely to lead to
under-performance, and consider the likelihood and consequences of those events
occurring.

One of the difficulties in using current whole-of-life analysis procedures is that these are often
not carried out by the pavement designer, and frequently there is little consideration of likely
construction specifications, construction delivery mechanisms and skill levels or likely
maintenance regimes, which all have a significant influence on pavement performance. The
application of risk assessment procedures may promote closer consideration of these issues.

To achieve optimum long term pavement performance, all the functions of design,
construction and maintenance need to be optimised and integrated. This is illustrated in
Figure 2.

Owner

Maintenance

Current
Situation

Improved
Situation

Figure 2 - Interaction between design, construction and maintenance
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It is routinely recommended that the person carrying out the whole-ot-lite analysis consider a
number of risk profiles to compare with the neutral risk circumstance. The neutral risk
circumstance is considered to be where all the design assumptions are met. Subsequently,
whole-ot-Iife analyses can compare the discounted cost of the neutral circumstance and a
weighted whole-ot-life cost based on the probability of the set of risk profiles.

As an example, consider a project where there are 4 likely ways in which construction of a
candidate pavement design (Design A) can deliver circumstances that are detrimental to the
neutral circumstance based on the designer's reasonable assumptions. The likelihood of
each circumstance is estimated by the designer based on the designer's experience, industry
records, critical analysis of the specifications and the likely construction conditions. The
likelihood of each circumstance is then assigned a probability. The likely probability of the 4
circumstances plus the neutral event must sum to 1.

P1 might be the probability of a 50% underestimate in design traffic loading.
P2 might be the probability of a 20mm under thickness in a critical layer
Pamight be the probability of understrength granular material
P4 might be the probability of a weaker subgrade than estimated by geotechnical studies
Pneutral is the probability of the case where all design assumptions are met

Whole-ot-Iife costs are calculated by modelling behaviour for each of the 4 circumstances
and the neutral event over the design period. The weighted present worth of cost for design
A (PWOCA) for this candidate pavement is determined as:

Where PWOCAi = Present Worth of Cost for pavement design A, risk profile i .

The weighted PWOCA value for design A can then be used tor comparison with the PWOC
for other candidate pavement designs. Such analysis replaces the broad-based reliability
approach and allows the designer to consider the warrant for particular controls to be
specified for pavement materials and construction risks which can be specified to reduce the
likelihood of substandard performance. For major designs, records of the whole-ot-Iite
analyses under this procedure can assist in providing for effective design audits.

A worked example is provided in Appendix B.
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3.2 Risk assessment methodology

AS/NZS 4360:1999 - Risk Management advocates the risk management process shown in

Figure 3.

r- +
Establish the Context
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Figure 3 - Risk Management Process (from AS/NZS 4360:1999)
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3.2.1 Establish the Context

The strategic, organisational, and risk management contexts of the work need to be
established.

Some of the factors involved are:

Strategic Context

• Who are the stakeholders involved and what are their perceptions of the work?

• What is the relationship of the organisation and its operating environment?

Organisational Context

• What are the broad organisational goals?

• What are the capabilities of the organisation?

• What are the expectations of the organisation?

• What is the organisational policy towards risk management?
• Does the organisation have formal risk management procedures?

Risk Management Context

• What is the extent of the project and the roles played by various parts of the
organisation involved?

• What are the aims of the project and who has the responsibility for achieving these
aims?

Develop Risk Evaluation Criteria

• What risk evaluation criteria are to be used? (Operational, technical, financial,
environmental are a few.)

Define the Structure

What are the elements that are to be evaluated? (These would include such things as design
traffic evaluation, subgrade assessment, layer thicknesses, materials variability but may also
include design method reliability and construction capability.)

3.2.2 Identify the Risks

The aim is to identify all the risks to be managed. It is important to have a comprehensive list,
as any potential risk not identified at this stage is excluded from further steps in the analysis
procedure.

While risks can come from a wide variety of sources, risks for road pavements can usually be
narrowed down to a manageable set which would include, but not be limited to:

• uncertainty in estimating design traffic loading
• in-situ materials properties as constructed (including the subgrade) not meeting

design expectations (poor construction practices or variable materials)

• variations in pavement layer thicknesses
• accuracy of the design method for various pavement types.
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Looking at each of these sources of risk in tum:

Estimated Design Loading

• What is the basis for estimating design loading? (e.g. traffic volume count over a
small period of time, weigh-in-motion data over a considerable period of time, etc)

• How is the rate of growth of traffic over time to be estimated? (Is there likely to be
new sources of traffic over the design period as a result of changes to the network
e.g. new developments or provision of additional lanes?)

• Will the rate of traffic growth be uniform over the design life, or will other factors such
as saturation limit traffic growth or new developments accelerate growth?

• Is there any likely impact due to increasing axle loads over the design life?
• Have the impacts of any special features of the job on design traffic been considered

(e.g. braking and acceleration near intersections, channelisation due to narrow lane
widths or provision of road furniture, effect of steep grades, impact of dynamic loading
due to high roughness or traffic calming measures)?

Insitu Materials Properties

• Are the sources of materials to be used well-established and of high quality (e.g.
existing quarry) or likely to be variable (e.g. materials gained from cuts or a one-off
quarry established for the job)? What quality system is proposed for materials
supply?

• What type of process is to be used to manufacture the structural pavement layers?
(e.g. manufactured in a fixed plant with sophisticated production control, in a mobile
plant on site, mixed insitu)

• What is the track record of the contractor in producing high quality construction?
• What is the industry norm for construction of the type of pavement under

consideration?

• Are extreme climatic conditions likely to affect materials properties, either during
construction or subsequently?

• What is the variability of the subgrade?
• Is a properly constructed working platform being used?

• Is construction likely to take place under traffic or on a greenfields site?

• Will critical pavement layers get time to cure adequately prior to opening to traffic?

Variations in Pavement Layer Thicknesses

• How are pavement construction layer thicknesses specified? (Are they specified on a
± basis around the design thickness? Are they specified on a - 0 + basis? Is there an
allowance made on the critical design layer before it is specified as a construction
layer?)

• How sophisticated is the level control likely to be during construction?

• What methods are to be used for paving (spreading by grader, placing through paver
etc)?

• Is paving work likely to be carried out under traffic in short lengths or in long lengths
on a greenfields site?

• What is the track record of the contractor in producing high quality construction?
• What is the industry norm for construction of the type of pavement under

consideration?

AppendiX A provides some guidance in likely variability of materials properties and layer
thicknesses.
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Accuracy of the design method for various pavement types

While specific calculations can be made to take into account the variability of design traffic,
materials properties and layer thicknesses, the relative accuracy of the design models
themselves is another variable.

While attempts have been made to quantify this variable (APRG 2001), for the procedures in
this Guide, the design models are considered to have the same variability. This means that,
when alternative pavements are being compared, the variability in the design methods can
be ignored without affecting the ranking of the pavement alternatives.

Other Areas of Risk

Other broad areas of risk that may need to be considered in particular circumstances may
include:

• Risks associated with movement of the pavement due to consolidation settlement,
unstable ground or expansive soils.

• Risks associated with the incorporation of new technologies into the work where the
long term performance of the new technology is unknown.

List the Risks

Once the sources of risk for each pavement design have been identified they should be listed
together with their area of impact.

An example of such a listing is provided in Table 2.

Table 2 - Example listing of risks for a composite (asphalt on cemented) pavement

Area of Impact

Source of Risk Risk Design traffic Materials Construction Pavement
calculation specification specification design

Actual traffic> 1 t/ t/
design traffic

Actual asphalt 2 t/ t/
modulus < design
asphalt modulus

Actual cemented 3 t/ t/
materials modulus
< design cemented
materials modulus

Actual cemented 4 t/ t/
materials thickness
< design cemented
materials thickness
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3.2.3 Analyse the Risks

Risk analysis involves identifying the source of risks, their consequence and the likelihood
that these consequences may occur. Risk is analysed by combining estimates of the
consequences and likelihood in the context of existing control measures.

A two-stage process is recommended:

1. A qualitative risk analysis to determine the major areas of risk and to facilitate the
mitigation of these risks, if possible.

2. A quantitative analysis of risk using the Austroads mechanistic analysis procedure
as a precursor to a whole-of-life cost analysis.

Qualitative Risk Assessment

For the circumstance of analysing the risks associated with a particular pavement design, the
consequences shown in Table 3 may be used to gain a qualitative understanding.

Table 4 provides qualitative measures of the likelihood of risks occurring. Table 5 can then
be used to qualitatively identify the level of risk for those risks recognised in Section 3.2.1.

Table 3 - Consequences of risks associated with pavement design

Consequence Description

Insignificant Minor signs of damage that are not
considered to have any significant effect on
serviceability during the design life.

Some isolated signs of damage earlier than

Minor
expected leading to increased surveillance.
Small reduction in estimated traffic to reach
terminal serviceability may result.

Signs of early deterioration, need to bring

Moderate
forward planned maintenance, unplanned
disruptions due to maintenance operations,
formal investigation of problems

Considerable extent of early deterioration,

Major
formal investigation of problems, need to
strengthen pavement, considerable
unplanned expenditure. Substantial
reduction in design life.

Major premature failure leading to

Catastrophic
reconstruction, closing of road to traffic,
huge financial loss, possible injuries or
death to travelling public, political
embarrassment
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Table 4 - Likelihood of risks associated with pavement design

Likelihood Description

Almost certain Is expected to occur in most
circumstances

Likely Will probably occur in most
circumstances.

Possible Might occur at some time.

Unlikely Could occur at some time.

Rare May occur only in exceptional
circumstances

Table 5 - Identification of the level of risk

Consequences

Likelihood Insignificant Minor Moderate Major Catastrophic

Almost certain Moderate High Extreme1 Extreme1 Extreme1

Likely Low High High Extreme1 Extreme1

Possible Low Moderate High Extreme1 Extreme1

Unlikely Low Low Moderate High Extreme1

Rare Low Low Moderate High High

1 Any designs exhibiting extreme risk levels should not be considered.

When all the risks listed in Table 2 have been analysed using Tables 3, 4 and 5 the level of
risk should be reviewed and means sought whereby these risks can be mitigated.

The ability to mitigate risk at the design stage is somewhat limited. However, there may be
opportunities such as:

• Adopting a conservative value for design modulus

• Reviewing specification construction tolerances to reduce the risk of construction of
under thickness layers. (For example, the specification for the cemented layer may
specify a plus or minus tolerance around the design thickness as a construction
thickness resulting in a high level of risk. This can be mitigated by changing the
construction specification to a zero plus tolerance and perhaps even adding a
further 20mm say to the design thickness to change the risk level to low.)

• Improve the quality of the design traffic data.

Risks should be mitigated and reassessed wherever possible as shown in Figure 4.
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Identify sources of
risk and areas of
impact (Table 2)

Determine
likelihood and

consequences of
risks

(Tables 3 & 4)

Yes

Use design inputs for
quantitative risk

assessment and cost
comparison

Assess level of
risk

(Table 5)

Mitigate risks
where possible

Have all
possible risks
been identified
& mitigated if

Dossible?

No

Figure 4 - Qualitative risk assessment

Quantitative Risk Assessment

Once the risks identified in the qualitative assessment have been dealt with and mitigated
wherever possible, the design parameters used can be used in the whole-of-Iife cost analysis
as inputs to the "neutral" case (or most likely case).

A quantitative understanding of the remaining risks can be gained by assessing the effects of
different scenarios using the mechanistic analysis procedure in the Austroads Guide to the
Structural Design of Road Pavements.

An estimate needs to be made of the probability of each significant risk scenario likely to
occur, and also each significant combination of risks occurring. While there are likely to be
many risk scenarios, many of them will only have very small probabilities and so can usually
be ignored. Generally a maximum of 4 or 5 scenarios should be analysed.
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In order to estimate the probability of each remaining risk occurring, it is necessary to gain an
understanding of the likely variability of the parameter under consideration and also the
representative value chosen for design. This is illustrated in Figure 5.

Lower risk

~
c:
Ql
::::l Representative
~ input value
u.

Higher risk

Value

Figure 5 - Selecting suitable design inputs

Reducing the risk (or increasing the reliability) of design inputs can be achieved by taking
into account where the representative input value lies within the distribution of design input
values. This is one method of helping to alleviate the risk associated with these variables.

Appendix A provides some data on the likely distribution of the variables of materials
properties and layer thicknesses.

Each remaining risk should be viewed in the light of the criteria in Section 3.2.2 (or other
criteria that may be developed for a specific project) and an opinion formed as to whether the
likelihood of the risk occurring is high, medium or low. These results should be recorded in
tabular form as illustrated in Table 6.

Table 6 - Example of classification of remaining risks

Examples of Design Likelihood of Remaining Risks
Parameter Occurring1

Low Medium High

Actual traffic> design traffic V
Actual materials properties < V

Design values (for each
material)

Actual layer thickness < Design V
layer thickness (for each layer)

Note:
1. The likelihood should be estimated after considering the criteria in Section 3.2.2

Table 6 can then be used to estimate the relative probabilities of each risk scenario
occurring. Given that the sum of all the risk scenarios to be analysed must be 1, a risk
scenario profile such as is illustrated in Table 7 can be developed.
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Table 7 is an example of an assessment for the risks shown in Table 2.

T bl 2f. kfATable7- ssessment 0 exampie rls scenarios rom a e

Scenario Estimated

Risk Description
Probability1

1 All design parameters realised (the 0.4
neutral case)

2 Design traffic growth rate 50% higher 0.2
than estimated (Risk 1 Table 2)

3 Actual cemented materials modulus 25% 0.1
less than design modulus
(Risk 3 Table 2)

4 Actual cemented materials thickness 0.1
10mm less than design thickness
(Risk 4 Table 2)

5 Risk 2 + Risk 3 0.15

6 Risk 2 + Risk 3 + Risk 4 0.05

Total 1.0

Note:
1. These probabilities are allocated subjectively - see Section 3.1. They are indicative values only and can be

tested for sensitivity in Phase 4 of the assessment.

These scenarios can then be analysed quantitatively as discussed in Sections 2 and 4. While
the probability distribution may have been developed subjectively, it can be tested for
sensitivity before arriving at a final conclusion.

4. PHASE 3 - PERFORMANCE ANALYSIS

Each risk scenario is then analysed using the mechanistic analysis procedure for a design
and rehabilitation regime over a common analysis period. Where these risk scenarios reduce
the design life, suitable rehabilitation strategies need to be determined and included into the
analysis so as achieve adequate performance over the analysis period.

The results of such an analysis for the risk scenarios in Table 7 are illustrated in Table 8 for a
composite pavement with a 25 year design life.

Table 8 - Calculated life of risk scenarios

Scenario Number Calculated Year when
Design Traffic is achieved

1 25

2 15

3 9

4 17

5 7

6 5

For scenarios 2 to 6, where the design life is not achieved, maintenance strategies need to
be determined to achieve the design life so that these may be included in the whole-of-Iife
cost comparison.

20



Comparison of Pavement Alternatives

5. PHASE 4 - COST COMPARISON

5.1 Method of comparison

The Present Worth of Cost Method is the preferred method for comparison of different design
scenarios. Details can be found in Chapter 11 of the Austroads Guide to the Structural
Design of Road Pavements.

The Present Worth of Costs method reduces all the costs associated with a particular project
to a single cost which is meant to represent the amount of funding that, if invested at the start
of the project, would meet all the costs associated with the project over the analysis period
being considered.

In brief the Present Worth of costs is calculated as follows:-

PWOC =C + LM
1
(l + r)-X j

- S(l + r)-Z

i

Where PWOC =present worth of costs,

C = present cost of initial construction,

M = cost of the ith maintenance and/or rehabilitation measure,

r = real discount rate,

Xi = number of years from the present to the ith maintenance and/or
rehabilitation measure, within the analysis period,

z = analysis period, and

S = salvage value of pavement at the end of the analysis period expressed
in terms of present values.

Costs are typically expressed in dollars/m2
•

In estimating present worth the principal elements are:

• construction costs

• maintenance and rehabilitation costs, including routine periodic maintenance and
structural rehabilitation

• salvage value of the pavement at the end of the analysis period

• real discount rate and

• analysis period.

All costs that differentiate between alternative pavements should be included in the analysis.
For example, pavement and subsoil drainage may vary for different pavement types to
optimise pavement performance and so these costs should be included in the analysis.

5.2 Construction Costs

Construction costs can be estimated from first principles or by reference to past similar
works. Due emphasis should be paid to the construction issues for the different pavement
types that are discussed in Section 4.
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5.3 Maintenance Costs

Wherever possible, practitioners should seek up-to-date costs from local sources. Where this
is not possible gUidance is available (e.g. Porter & Tinni 1993, Bennett & Moffat 1995,
VicRoads 1993). It should be noted that while these costs are quite comprehensive, they are
somewhat out-of-date. To factor these costs or other historical costs to meet current
requirements the BTRE Road Construction and Maintenance Price Index may be used.
Details can be found at www.dotars.gov.au/btre/docslindicate/xls/roadconstruct.txt

In assessing the whole-of-life costs for pavements, it should be remembered that, in practice,
many pavements are required to perform for very long periods of time, often well in excess of
the nominal "design life". As a consequence it is often prudent to ensure that, as far as
possible, the distress mechanisms are limited to those that occur near the surface of the
pavement so that rehabilitation, when required, can be performed in an efficient and
automated manner so as to minimise traffic disruption.

5.4 Salvage Value

The salvage, or residual, value of the pavement at the end of the analysis period is the value
of the pavement in terms of the worth it may add to any additional pavement works. It is
essentially the depreciated value of the old pavement.

Salvage value may be either positive or negative depending on whether it adds value to
subsequent works by either acting as a platform to support future works or whether it is a
hindrance to further works and costs money to remove.

As salvage values are usually discounted over a considerable period of time, their Present
Worth of Cost (PWOC) is often a small percentage of the total PWOC of the pavement
structure. However, this cost can be of the same order as discounted maintenance costs and
so should be included in any analysis.

5.5 Discount Rate

A discount rate is used in economic analysis to compare costs occurring at different points in
time and reflects the time cost of money. The value used is meant to represent a "real" rate
which excludes the effects of inflation.

The factors influencing the selection of an appropriate discount rate are complex and are
beyond the scope of this guide.

As interest rates and inflation vary with time, it is not possible to identify a unique discount
rate which will always be correct. For this reason, a sensitivity analysis should be carried out
over a range of discount rates. High discount rates favour alternatives with low initial and
high maintenance costs as future costs are discounted with relation to present costs. Low
discount rates favour alternatives with high initial cost as future costs are only slightly
discounted.

The discount rate also reflects the assurance that funds will be available in the future to carry
out the work programmed in the economic analysis, and so is influenced by the growth in the
owner's funding. In situations of constrained funding, this will lead to a reduced amount of
future funding and so affect the ability to enact programmed work and may lead to an
underperformance of the pavement asset. Where constrained funding occurs, only projects
with assured high long-term returns should be funded to ensure wise investment of these
funds.
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In situations where funding is seen as more of a commercial investment and there is a direct
link between the performance of the road and income streams, the risk of under-performance
may be reduced.

Austroads (1996) recommends that, for public sector analysis in Australia for national work, a
discount rate of 7% is applicable with sensitivity analyses carried out at 4% and 10%. Other
discount rates should be used if these are considered more applicable.

5.6 Analysis Period

The analysis period is the time period over which the economic analysis is performed. It is
often the lowest common multiple of the design lives of the alternative pavements under
consideration, but should not be less than the longest design life of the alternative
pavements.

As a "reality check", it is worthwhile to calculate the daily design traffic at the end of the
analysis period for comparison to the road capacity.

5.7 Road User Costs

Total road user cost savings are generally used in an economic analysis to justify the need
for any particular project to proceed. Once the justification for the project to proceed has
been established, in many situations total road user costs can be omitted from the economic
comparison of pavement alternatives on the basis that road user costs, in terms of vehicle
operating costs and travel time costs, are similar for each of the alternative pavements under
analysis.

However, road user costs may differ as a result of delays caused as a result of pavement
alternatives having different construction times, and also as a result of traffic disruptions at
sites of road maintenance operations.

These delays can be minimised by carrying out work at off-peak times, but this may be
difficult on heavily-trafficked roads. Where these delays are significant, or where the
maintenance contractor has to pay a lane rental fee to carry out maintenance work, these
costs are clearly a component of the maintenance cost and should be included in the
analysis for the particular pavement type that they impact on.

5.8 Comparison of Alternatives

Once the PWOC of each risk scenario of a pavement design alternative has been
determined these are combined to get a weighted PWOC for that pavement type:

PWOCA=[P1x PWOCA1]+[ P2 XPWOCA2]+[PaXPWOCAa]+[P.vcPWOCA4]+[Pneutral x PWOCAneutral]

Where
PWOCAi = Present Worth of Cost for pavement design alternative A, risk profile i .
Pi = Probability of risk scenario i
PWOCAis the weighted Present Worth of Cost for that pavement alternative.

Alternative pavement PWOCs are then compared to ascertain the least PWOC. The
comparison of alternatives should include testing for sensitivity against the input parameters.

5.9 Worked Example

A detailed example is provided in Appendix B. For the sake of simplicity, this example does
not include road user costs.
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APPENDIX A - INFORMATION ON VARIABILITY OF MATERIALS
PROPERTIES AND LAYER THICKNESSES

Materials Properties

A guide to likely variability of insitu materials properties is given in Table A1 (from Potter et
a ~

Table A1 - Likely variability in materials properties

Material Property Coefficient of Variation
(%)

Asphalt modulus 25

Cemented material 25
modulus

Base concrete flexural 15
strength

Subgrade modulus 25

Subgrade CBR 25

How the values impact on pavement performance depends on how the design modulus
values relate to materials specifications. For example, if design moduli are taken as the
mean value of test procedures, there will be a significant number of field values of moduli
that are below the design value. However, if a target modulus value (say mean + 2 x
standard deviations) is used in the field OR a conservative value is used for design (say
mean - 2 x standard deviations), the risk of field moduli being less than design moduli is
significantly reduced.

Layer Thicknesses

A guide to likely variability of pavement layer thickness is given in Table A2 (from Potter et a ~

Table A2 - Likely variability in layer thickness

Material Standard Deviation1

(mm)

Asphalt 102

Cemented material 20

Granular material 20

Base concrete 10

Notes:
1. While the figures in Table A2 reflect possible variations in individual layers, there are correlations between

these layer thicknesses when used in a pavement structure. Many specifications refer to both individual
pavement layer thicknesses as well as a finished surface level. So if one layer is thin, it is likely that the
overlaying layers may be thicker so as to still achieve the specified finished surface level. This may still have
a significant effect on pavement performance as a result of the different load bearing capacities of the
various materials used.

2. This value could be applied to the total thickness of all asphalt layers
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APPENDIX B

WORKED EXAMPLE

Consider the need to compare a full depth asphalt design and a composite design for the
following situation.

• Subgrade CBR 2

• WMAPT25°C
• Design life 25 years
• Initial design traffic in year 1 =2.3 x 105 ESAs

• Growth rate 4%
• Design traffic for 25 years =1.0 x 107 ESAs

From the AAPA Guide to the Selection and Design of Flexible Pavements, if full depth
asphalt and composite pavements are considered to be suitable solutions, the following
preliminary cross sections can be chosen.

Full Depth Asphalt (Chart 3(b» Composite Pavement (Chart 4.2(d»

< < " «
)0 ) :I> )-

" « " ") ) » )
" ( of: ")0 )0 ,. )

" " ( <)0 :I> )0 )0 )

Asphalt wearing,
intermediate and
fatigue courses
Total 220 mm

Working platform
300mm

Subgrade
CBR2

Asphalt wearing and
base courses
Total 155 mm

Cemented layer
5,OOOMpa
200mm

Working platform
300mm

Subgrade
CBR2

After examining the risks for this particular project, it is considered that the control on the
supply of materials will be adequate but that there may be risks with construction.

On this basis the risk scenarios in Table B1 will be analysed:
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Table 81 - Risk Scenario for Analysis

Risk Scenario Estimated Probability

Number Description Full Depth Composite
Asphalt

1 All design parameters realised 0.4 0.4
(the neutral case)

2 Actual traffic growth rate 50% 0.3 0.3
greater than rate assumed for
design (1)

3 Actual total asphalt thickness 0.2
10 mm less than design
thickness (2)

4 Actual cemented materials 0.2
thickness 10 mm less than
design thickness (3)

5 2+3 0.1

6 2+4 0.1

Total 1.0 1.0

8y carrying out suitable CIRCLY analyses for the pavement options, failure of each of the
above scenarios can be predicted. Whole-of-life maintenance regimes to enable each of
these scenarios must then be developed before a cost comparison is made based on the
probabilities presented in Table 81.

Table 82 - Calculated life of risk scenarios

Calculated Year of Achieving

Scenario
Design Traffic

Number Full Depth Composite
Asphalt

1 25 25

2 15 15

3 20

4 17

5 13

6 11

Tables 83 and 84 show the likely maintenance diaries for each scenario (adapted from
Porter and Tinni 1993).
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Table 83 - Full Depth Asphalt - Maintenance Diaries

Year Full Depth Asphalt Scenarios
1 2 3 5

0 Construction Construction Construction Construction
1
2

3
4

5
6
7

8
9 1% patching

10 1% patchino
11

12
13 1% patching Overlaying

14
15 Overlaying

16
17

18 1% patching

19
20 Mill & resheet Overlaying

21
22 1% patchino
23
24
25 Salvage Salvage Salvaoe Salvaoe

Routine maintenance is included every year after year O.
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Table 84 - Composite Pavement - Maintenance Diaries

Year Composite Scenarios
1 2 4 6

0 Construction Construction Construction Construction
1
2
3
4 Crack sealing

5 Crack sealing Crack sealing Crack sealing

6
7

8 2% patching

9 2% patching

10
11 Overlaying

12 2% patching

13 2% patching

14 Crack sealing

15 2% patching Overlaying

16
17 Overlayina
18 3% patching

19 2% patching

20 Mill & resheet 2% patching

21
22

23 2% patching 3% patching

24
25 Salvage Salvage Salvaae Salvage

Routine maintenance is included every year after year O.

Tables B6(a) to B8(d) show the PWOC calculations for the scenarios shown in Tables B3
and B4.

Costs (Sections 5.2, 5.3 and 5.4) have been taken from Porter & Tinni (1993) and scaled in
accordance with the BTRE Road Construction and Maintenance Price Index (+16.1%)
(Section 5.3). Discount rates of 4, 7 and 10% have been chosen for analysis (Section 5.5).

Maintenance diaries have been adapted from Porter & Tinni (1993)

The analysis period is 25 years (Section 5.6).
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Table 86(a) - Full Depth Asphalt - PWOC Scenario 1 - Neutral Case

AF IIscenario 1 u De th sohalt

Costs
Const

& Rout
Year Rehab Maint Total PWOC40/0 PWOC70/0 PWOC100/0

0 69.30 0.00 69.30 69.30 69.30 69.30

1 0.29 0.29 0.28 0.27 0.26

2 0.29 0.29 0.27 0.25 0.24

3 0.29 0.29 0.26 0.24 0.22

4 0.29 0.29 0.25 0.22 0.20

5 0.29 0.29 0.24 0.21 0.18

6 0.29 0.29 0.23 0.19 0.16

7 0.29 0.29 0.22 0.18 0.15

8 0.29 0.29 0.21 0.17 0.14

9 0.29 0.29 0.20 0.16 0.12

10 0.29 0.29 0.20 0.15 0.11

11 0.29 0.29 0.19 0.14 0.10

12 0.29 0.29 0.18 0.13 0.09

13 0.29 0.29 0.17 0.12 0.08

14 0.29 0.29 0.17 0.11 0.08

15 0.29 0.29 0.16 0.11 0.07

16 0.29 0.29 0.15 0.10 0.06

17 0.29 0.29 0.15 0.09 0.06

18 0.95 0.29 1.24 0.61 0.37 0.22

19 0.29 0.29 0.14 0.08 0.05

20 14.80 0.29 15.09 6.89 3.90 2.24

21 0.29 0.29 0.13 0.07 0.04

22 0.29 0.29 0.12 0.07 0.04

23 0.29 0.29 0.12 0.06 0.03

24 0.29 0.29 0.11 0.06 0.03

25 -40.60 0.29 -40.31 -15.12 -7.43 -3.72

$65.82 $69.30 $70.56
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Table B6(b) - Full Depth Asphalt - PWOC Scenario 2 - Traffic Growth Rate Increased
50%

F II D th A h It. 2scenano u eo: SPI a

Costs
Canst

& Rout
Year Rehab Maint Total PWOC4% PWOC7% PWOC10%

0 69.30 0.00 69.30 69.30 69.30 69.30

1 0.29 0.29 0.28 0.27 0.25

2 0.29 0.29 0.27 0.25 0.22

3 0.29 0.29 0.26 0.24 0.19

4 0.29 0.29 0.25 0.22 0.17

5 0.29 0.29 0.24 0.21 0.15

6 0.29 0.29 0.23 0.19 0.13

7 0.29 0.29 0.22 0.18 0.11

8 0.29 0.29 0.21 0.17 0.10

9 0.29 0.29 0.20 0.16 0.09

10 0.95 0.29 1.24 0.84 0.63 0.32

11 0.29 0.29 0.19 0.14 0.07

12 0.29 0.29 0.18 0.13 0.06

13 0.29 0.29 0.17 0.12 0.05

14 0.29 0.29 0.17 0.11 0.04

15 16.00 0.29 16.29 9.05 5.90 2.17

16 0.29 0.29 0.15 0.10 0.03

17 0.29 0.29 0.15 0.09 0.03

18 0.29 0.29 0.14 0.09 0.03

19 0.29 0.29 0.14 0.08 0.02

20 0.29 0.29 0.13 0.07 0.02

21 0.29 0.29 0.13 0.07 0.02

22 0.29 0.29 0.12 0.07 0.02

23 0.29 0.29 0.12 0.06 0.01

24 0.29 0.29 0.11 0.06 0.01

25 -40.60 0.29 -40.31 -15.12 -7.43 -1.40

$68.13 $71.48 $72.21
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Table B6(c) - Full Depth Asphalt - PWOC Scenario 3 - Total Asphalt Thickness
reduced 10mm

FIID hA hi. 3scenano u ept sp at

Costs
Canst

& Rout
Year Rehab Maint Total PWOC4% PWOC7% PWOC10%

0 69.30 0.00 69.30 69.30 69.30 69.30

1 0.29 0.29 0.28 0.27 0.26

2 0.29 0.29 0.27 0.25 0.24

3 0.29 0.29 0.26 0.24 0.22

4 0.29 0.29 0.25 0.22 0.20

5 0.29 0.29 0.24 0.21 0.18

6 0.29 0.29 0.23 0.19 0.16

7 0.29 0.29 0.22 0.18 0.15

8 0.29 0.29 0.21 0.17 0.14

9 0.29 0.29 0.20 0.16 0.12

10 0.29 0.29 0.20 0.15 0.11

11 0.29 0.29 0.19 0.14 0.10

12 0.29 0.29 0.18 0.13 0.09

13 0.95 0.29 1.24 0.74 0.51 0.36

14 0.29 0.29 0.17 0.11 0.08

15 0.29 0.29 0.16 0.11 0.07

16 0.29 0.29 0.15 0.10 0.06

17 0.29 0.29 0.15 0.09 0.06

18 0.29 0.29 0.14 0.09 0.05

19 0.29 0.29 0.14 0.08 0.05

20 16.00 0.29 16.29 7.43 4.21 2.42

21 0.29 0.29 0.13 0.07 0.04

22 0.29 0.29 0.12 0.07 0.04

23 0.29 0.29 0.12 0.06 0.03

24 0.29 0.29 0.11 0.06 0.03

25 -40.60 0.29 -40.31 -15.12 -7.43 -3.72

$66.47 $69.73 $70.84
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Table B6(d) - Full Depth Asphalt - PWOC Scenario 6 - Traffic growth rate increased by
50% + Total asphalt thickness reduced by 10 mm

FIID hA hi. 5scenano u ept SPI at

Costs
Const

& Rout
Year Rehab Maint Total PWOC4% PWOC7% PWOC10%

0 69.30 0.00 69.30 69.30 69.30 69.30

1 0.29 0.29 0.28 0.27 0.26

2 0.29 0.29 0.27 0.25 0.24

3 0.29 0.29 0.26 0.24 0.22

4 0.29 0.29 0.25 0.22 0.20

5 0.29 0.29 0.24 0.21 0.18

6 0.29 0.29 0.23 0.19 0.16

7 0.29 0.29 0.22 0.18 0.15

8 0.29 0.29 0.21 0.17 0.14

9 0.95 0.29 1.24 0.87 0.67 0.53

10 0.29 0.29 0.20 0.15 0.11

11 0.29 0.29 0.19 0.14 0.10

12 0.29 0.29 0.18 0.13 0.09

13 16.00 0.29 16.29 9.78 6.76 4.72

14 0.29 0.29 0.17 0.11 0.08

15 0.29 0.29 0.16 0.11 0.07

16 0.29 0.29 0.15 0.10 0.06

17 0.29 0.29 0.15 0.09 0.06

18 0.29 0.29 0.14 0.09 0.05

19 0.29 0.29 0.14 0.08 0.05

20 0.29 0.29 0.13 0.07 0.04

21 0.29 0.29 0.13 0.07 0.04

22 0.95 0.29 1.24 0.52 0.28 0.15

23 0.29 0.29 0.12 0.06 0.03

24 0.29 0.29 0.11 0.06 0.03

25 -40.60 0.29 -40.31 -15.12 -7.43 -3.72

$69.28 $72.57 $73.34
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Table 87(a) - Composite Pavement - PWOC Scenario 1 - Neutral Case

t't PC. 1scenano omposl e avemen

Costs

Const

& Rout
Year Rehab Maint Total PWOC4% PWOC7% PWOC10%

0 80.20 0.00 80.20 80.20 80.20 80.20

1 0.29 0.29 0.28 0.27 0.26

2 0.29 0.29 0.27 0.25 0.24

3 0.29 0.29 0.26 0.24 0.22

4 0.29 0.29 0.25 0.22 0.20

5 0.45 0.29 0.74 0.61 0.53 0.46

6 0.29 0.29 0.23 0.19 0.16

7 0.29 0.29 0.22 0.18 0.15

8 0.29 0.29 0.21 0.17 0.14

9 0.29 0.29 0.20 0.16 0.12

10 0.29 0.29 0.20 0.15 0.11

11 0.29 0.29 0.19 0.14 0.10

12 0.29 0.29 0.18 0.13 0.09

13 0.29 0.29 0.17 0.12 0.08

14 0.29 0.29 0.17 0.11 0.08

15 1.90 0.29 2.19 1.22 0.79 0.52

16 0.29 0.29 0.15 0.10 0.06

17 0.29 0.29 0.15 0.09 0.06

18 0.29 0.29 0.14 0.09 0.05

19 0.29 0.29 0.14 0.08 0.05

20 14.80 0.29 15.09 6.89 3.90 2.24

21 0.29 0.29 0.13 0.07 0.04

22 0.29 0.29 0.12 0.07 0.04

23 0.29 0.29 0.12 0.06 0.03

24 0.29 0.29 0.11 0.06 0.03

25 -40.60 0.29 -40.31 -15.12 -7.43 -3.72

$n.68 $80.93 $82.02
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Table 87(b) - Composite Pavement - PWOC Scenario 2 - Traffic Growth Rate
increased by 50%

"t PC. 2scenano omposl e avemen

Costs
Const

& Rout
Year Rehab Maint Total PWOC4% PWOC7% PWOC10%

0 80.20 0.00 80.20 80.20 80.20 80.20

1 0.29 0.29 0.28 0.27 0.25

2 0.29 0.29 0.27 0.25 0.22

3 0.29 0.29 0.26 0.24 0.19

4 0.29 0.29 0.25 0.22 0.17

5 0.45 0.29 0.74 0.61 0.53 0.38

6 0.29 0.29 0.23 0.19 0.13

7 0.29 0.29 0.22 0.18 0.11

8 0.29 0.29 0.21 0.17 0.10

9 1.90 0.29 2.19 1.54 1.19 0.65

10 0.29 0.29 0.20 0.15 0.08

11 0.29 0.29 0.19 0.14 0.07

12 0.29 0.29 0.18 0.13 0.06

13 1.90 0.29 2.19 1.32 0.91 0.38

14 0.29 0.29 0.17 0.11 0.04

15 16.00 0.29 16.29 9.05 5.90 2.17

16 0.29 0.29 0.15 0.10 0.03

17 0.29 0.29 0.15 0.09 0.03

18 0.29 0.29 0.14 0.09 0.03

19 1.90 0.29 2.19 1.04 0.61 0.17

20 0.29 0.29 0.13 0.07 0.02

21 0.29 0.29 0.13 0.07 0.02

22 0.29 0.29 0.12 0.07 0.02

23 1.90 0.29 2.19 0.89 0.46 0.10

24 0.29 0.29 0.11 0.06 0.01

25 -40.60 0.29 -40.31 -15.12 -7.43 -1.40

$82.90 $84.97 $84.23
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Table B7(c) - Composite Pavement - PWOC Scenario 4 - Cemented layer thickness
reduced by 10 mm

CScenario 4 omposlte Pavement

Costs
Canst

& Rout
Year Rehab Maint Total PWOC4% PWOC7% PWOC10%

0 80.20 0.00 80.20 80.20 80.20 80.20

1 0.29 0.29 0.28 0.27 0.26

2 0.29 0.29 0.27 0.25 0.24

3 0.29 0.29 0.26 0.24 0.22

4 0.29 0.29 0.25 0.22 0.20

5 0.45 0.29 0.74 0.61 0.53 0.46

6 0.29 0.29 0.23 0.19 0.16

7 0.29 0.29 0.22 0.18 0.15

8 0.29 0.29 0.21 0.17 0.14

9 0.29 0.29 0.20 0.16 0.12

10 0.29 0.29 0.20 0.15 0.11

11 0.29 0.29 0.19 0.14 0.10

12 1.90 0.29 2.19 1.37 0.97 0.70

13 0.29 0.29 0.17 0.12 0.08

14 0.29 0.29 0.17 0.11 0.08

15 0.29 0.29 0.16 0.11 0.07

16 0.29 0.29 0.15 0.10 0.06

17 16.00 0.29 16.29 8.36 5.16 3.22

18 0.29 0.29 0.14 0.09 0.05

19 0.29 0.29 0.14 0.08 0.05

20 1.90 0.29 2.19 1.00 0.57 0.33

21 0.29 0.29 0.13 0.07 0.04

22 0.29 0.29 0.12 0.07 0.04

23 0.29 0.29 0.12 0.06 0.03

24 0.29 0.29 0.11 0.06 0.03

25 -40.60 0.29 -40.31 -15.12 -7.43 -3.72

$80.14 $82.82 $83.42
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Table B7(d) - Composite Pavement - PWOC Scenario 7 - Traffic growth rate
increased by 50% + Cemented layer thickness reduced by 10 mm

t"t PC. 7scenano omposl e avemen

Costs
Canst

& Rout
Year Rehab Maint Total PWOC4% PWOC7% PWOC10%

0 80.20 0.00 80.20 80.20 80.20 80.20

1 0.29 0.29 0.28 0.27 0.26

2 0.29 0.29 0.27 0.25 0.24

3 0.29 0.29 0.26 0.24 0.22

4 0.45 0.29 0.74 0.63 0.56 0.51

5 0.29 0.29 0.24 0.21 0.18

6 0.29 0.29 0.23 0.19 0.16

7 0.29 0.29 0.22 0.18 0.15

8 1.90 0.29 2.19 1.60 1.27 1.02

9 0.29 0.29 0.20 0.16 0.12

10 0.29 0.29 0.20 0.15 0.11

11 16.00 0.29 16.29 10.58 7.74 5.71

12 0.29 0.29 0.18 0.13 0.09

13 0.29 0.29 0.17 0.12 0.08

14 0.45 0.29 0.74 0.43 0.29 0.19

15 0.29 0.29 0.16 0.11 0.07

16 0.29 0.29 0.15 0.10 0.06

17 0.29 0.29 0.15 0.09 0.06

18 2.70 0.29 2.99 1.48 0.88 0.54

19 0.29 0.29 0.14 0.08 0.05

20 0.29 0.29 0.13 0.07 0.04

21 0.29 0.29 0.13 0.07 0.04

22 0.29 0.29 0.12 0.07 0.04

23 2.70 0.29 2.99 1.21 0.63 0.33

24 0.29 0.29 0.11 0.06 0.03

25 -40.60 0.29 -40.31 -15.12 -7.43 -3.72

$84.36 $86.69 $86.79
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To compare the alternatives (Section 5.8) Tables 88 and 89 summarise the PWOC values
for each pavement type and calculate the weighted probability values using the probability
distributions for each scenario for each pavement type from Table 81.

Table 88 - Summary of PWOC values for Full Depth Asphalt Pavement

F II D h h Iu ept Asp at

Scenario 4% 7% 10% Probabilitv

1 $65.82 $69.30 $70.56 0.4

2 $68.13 $71.48 $72.21 0.3

3 $66.47 $69.73 $70.84 0.2

5 $69.28 $72.57 $73.34 0.1

PWOC $66.99 $70.37 $71.39 FDA

The PWOC is calculated as follows (Section 5.8):

Where
PWOCAi = Present Worth of Cost for pavement design alternative A, risk profile i .
Pi = Probability of risk scenario i
PWOCA is the weighted Present Worth of Cost for that pavement alternative.

For the FDA at 4%:-
PWOC =$65.82 x 0.4 + $68.13 x 0.3 + $66.47 x 0.2 + $69.28 x 0.1 =$66.99

Table 89 - Summary of PWOC values for Composite Pavement

t. Pcomposlte avemen

Scenario 4% 7% 10% Probabilitv

1 $77.68 $80.93 $82.02 0.4

2 $82.90 $84.97 $84.23 0.3

4 $80.14 $82.82 $83.42 0.2

6 $84.36 $86.69 $86.79 0.1

PWOC $80.41 $83.10 $83.44

Figure 81 is a plot of the weighted PWOCs as a function of interest rate.
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Figure 81 - Weighted PWOCs as a function of interest rate

Looking at the results shown in Tables 88 and 89, the full depth asphalt has a significant
whole of life cost advantage over the composite pavement. Much of the cost advantage
results from the lower cost of the full depth asphalt pavement (about $12 for the neutral case
- scenario 1).

However, for the scenarios analysed, the full depth asphalt pavement also appears more
"risk resistanr as the difference between scenarios 1 and 5 (under-estimate traffic &

thickness) for the full depth asphalt was $3.40 and between 1 and 6 (under-estimate traffic &
thickness) for the composite pavement was $6.60.

However, it should be noted that only first phase life was considered for the composite
pavement and if there was a considerable second phase life (post cracking of cemented
material) this may well be worthy of taking into consideration.

It is also worth noting that the ranking of results was not sensitive to the discount rate used.

If the results were closer it would also be worthwhile to carry out a sensitivity analysis using a
different distribution of probabilities.
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